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I - INTRODUCTION

1.1 - Physics

This volume contains all papers (published and unpublished) by
our group on the problem of having a powerful lepton detector to
study the lepton asymmetry in the two, outgoing proton and
outgoing antiproton, hemispheres at the CERN (pp)} Collider. The
basic purpose of the detector, coupled with a central one, is to
studv the lepton asymmetry, its pr dependence and the
phenomenology of jet-lepton physics. This volume starts with the
most recent work , (March 1936) paper n° 1, and ends with our
first contribution in this field of research (paper n? 11): the interest
of our group in the study of some specific aspects of Collider
Physics started at the end of 1981.

Paper n2 11 (March 1982) discusses a new method to detect the
possible production of the “top"” quark. This new method is based
on the "leading" effect and on the charge asymmetry produced by
the semileptonic decay of heavy-flavoured baryons .

In paper n2 10 (January 1983) we extended our "top” study to
the general problem of Heavy Flavour production at Collider
energies. A review of theory versus experiment is presented. It
gives the correct basis which allows comparison of known facts
with theoretical expectations. It is pointed out that, in the field of
charm production (2 heavy flavour extensively studied in hadronic
machines), the only theory available (QCD) has failed to agree with
all known results. Furthermore, the ‘“leading" production
mechanism of A.t has been experimentally discovered, but
theoretically “predicted” a posteriori. This is a warning for present
QCD predictions, expecially in the field of "leading” Heavy
Flavour production at extreme energies, such as those of the CERN
and Fermilab Colliders. In fact the "leading" effect remains
unexplained by QCD. The paper emphasizes the need for a careful
experimental study of the "leading" production of Heavy Flavours
and shows how this could be experimentally accomplished.

In paper 1 9 (June 1983) the CERN (pP) Collider data are
studied in terms of possible evidence for a new Heavy Flavour.




Paper n¢ 8§ (August 1983} contains a review lecture where the
physics of new flavours is discussed with the purpose of showing
its relevance and its basic role in subauclear physics.

Paper n2 7 (May 1984} is the experimental proposal to
construct and install the basic instrument to study the physics of
Heavy Flavours at the CERN (pp) Collider. This basic instrument
is the Lepton Asymmetry Analyser (LAA). The proposal is a
detailed study of its instaliation in conjunction with UA2, a "central
detector” which would aliow an additional research field to be
investigated: the lepton-jet physics.

Paper i & {June 1984) contains the answers to the guestions
raised by the Referees appointed by the CERN-SPS Committee.

P'mer e 5§ {August 1984) emphasizes the interest of our group
in the hadronic physxcs to be studmd at the Collider, in addition to
the heavy flavour physics. With reference to our published papers
it is shown that we have found evidence that, at Collider energies,
the "leading” effect must be as dominant as it is at ISR energies.

Paper n2 4 (August 1984} is a review lecture decribing how the
new flavours can be looked for at {pp) Collider machines. Some
detailed problems are discussed, such as the multibody decays of
the heavy flavours and the new results on the generalized Cabibbo
angles for higher family transitions. |

Paper n 3 {September 1984) contains a series of answers to
the Referces' new questions. In particular, the problem of the
lepton asymmetry with various hypotheses is discussed, together
with the problem of the asymmetry in the background. In
connection with this, it should be emphasized that this
"background” asymmetry is an important check of QCD.

Paper n¢ 2 (March 1986) describes the resuits obtained during
the test run at the Collider. The data show that the trigger rates we
had calculated agree very well with the results of the test run. The
success of the test run allowed UA1 to make use of our trigger and
proved that our proposed set-up can indeed be a powerful detector
for lepton-jet physics and for the measurement of the lepton
asymmetry whose background is a basic QCD test. These results
support the great scientific value of the Lepton Asymmetry
Amalyser in conjunction with the UA1 central detector.




Paper n2 1 {(March 1986) contains all data presented at the
open session of the CERN-SPS Committee (Geneva, 18 March
1986) and at the open session of the INFN-Committee n? 1
(Bologna, 24 March 1986). The physics interest is reviewed and
the detailed study of the LAA version in LSS5 with UA1 as central
detector is presented. The paper also contains the detailed plan for
installation of the various LAA components in such a way as to
match the SPS schedule and the UA1 needs.

Let us close this summary by emphasizing the relevance of
having at the CERN (pp) Collider a powerful instrument able to
measure the lepton asymmetry in both hemispheres, its py
dependence and its background (a crucial QCD test), and to study
the phenomenology of lepton-jet physics.

The detailed list of the original works which have brought us to
the present LAA project is given in section II.




1.2 - Physicists

The LAA group is part of a large Collabhoration: LAA - ZEUS -
GRAN SASSO.

Know-how in all fields of the technology used for the three
experiments is shared among all members of the Collaboration.

In case of need, emergencv help is foreseen among all
physicists of the Collaboration, whose affiliations follow.

LAA - ZEUS - GRAN SASS0O COLLABORATION

Bologna  : C.Alberini, G. Bari, M. Basile, G. Cara Romeo,
A. Castelvetri, L. Cifarelli, A. Contin,C. Del Papa,
D. Galli, G. Iacobucci, R.R. Janik G. Maccarrone,
T. Massam, F. Motta, K. Nania, V. ('Shea,
F. Palmonari, E. Perotto, G. Prisco, G. Rinaldi,
G. Sartorelli, M. Willutzky

Brown Univ.{USA): P. Allan, R. Brick, M. Widgoff

CERN : F. Rohrbach; A. Zichichi

Firenze : G. Barbagli, E. Borchi, P. Burlamacchi, G. Cimi,
A. Cordero, S. De Gennaro, A. Del Puglia,
L. Lombardint, G.R. Maccit, P. Pelfer, B. Tesi,
M. Zoli

Frascau INFN/LNF : S. Bianco, G. Anzivino, R. Casaccia,
F. Cindolo, M. Enorini, F. Fabbn . Laakso
S. Qian, A. Rindi, F. Sga.m:ma G.C. Susmno
L. Votano, A. Za.llo

Houston {USA) : K. Lau, F. Lipps, J. Pyrdik, W. Sheldon,
H. Wald, R. Weinstein |

L'Aquila  : G. Di Sciascio, R. Scrimaglio



Lecce . . Rocco Semeraro, P. Rotelli, A. Scarsella

Milano . E. Acerbi, G. Baccaglioni, F. Groppi, A. Kotarba,
G. Liguori, S. Pensottt, P.G. Rancoita, L. Rosst,
C. Simeoni, M. Stanziani

MIT (USA} : Chang Zhao, Cheng Sheng Mao, D. Goloskie,
E.S. Hafen, P. Haridas, L.A. Pless, Shi Wei Wang,
Ying Rong Wu

Moscow (USSR) : B.V. Berezinski, A.S. Chudanoy,
V.L. Dadykin, V.B. Korchaguin,P.V. Korchaguin,
A.S. Malguin, 0.G. Ryazkaya, AL. Tziabuk,
U.P. Talockin, G.T. Zatsepin, V.F. Yakushev

Palermo . G. D'Ali', S. De Pasquale
Peking Academia Sinica (CHINA)

Rome - ENEA : N. Sacchetti, M. Ricci, M. Spadoni, G. Pasotti,
R. Bruzzese -

Saclay - CEN : P.O. Lagage, R. Meunier

Tokyo (JAPAN) : Y. Hatano, T. Kitamura, A. Misaki, K. Mitsui,
S. Mori, 1. Nakamura, N. Ogita, T. Saito,
H. Sasaki, M. Shibata, G. Takahara,Y. Takahashi,
T. Wada, Y. Yamamoto

Torino : C. Aglietta, G. Badino, L. Bergamasco,
C. Castagnoli, A. Castellina, G. Cini, M. Dardo,
M.I. Ferrero, W. Fulgione, P. Galeotti, C. Morello
G. Navarma, L. Periale, O. Saavedra,
G.C. Trinchero, P. Vallania, 5. Vernetto
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1I-1. "The lepton asymmetry analyser : LAA"
Proposal-P200-Addendum 1
Open presentation CERN SPSC, March 18, 1986 and
INFN Bologna, March 24, 1986.

[1-2. "The lepton asymmetry analyser : LAA”
CERN SPSC 86-3, SPSC/P200 Addendum 1, March 3,
1986.

II-3. LAA Proposal: Memorandum to the chairman of the SPSC,
September 4, 1984.

[I-4."New flavours: how they can be looked for at the (pp)
Collider with the Lepton Asymmetry Analyser”
Proc. of the XXII Course of the Ettore Majorana
International School of Subnuclear Physics: "Quarks,
Leptons and their Constituents” (Plenum Press Inc.,
New York-London), Erice, August 5-15, 19384.

II-5. LAA Proposal: Memorandum to the Chatrman of the
SPSC, August 2, 1984.

I1-6. LAA Proposal: Memorandum to the SPSC referees
(Prof. A.Donnachie and Prof. R.Klanner), June 28, 1984.

I1-7. “The lepton asymmetry analyser : a proposal”
CERN SPSC 84-33, SPSC/P200, May 16, 1984.

I1-8. "The problem of new heavy flavours: top and superbeauty”
Proc. of the XXI Course of the Ettore Majorana
International School of Subnuclear Physics: "How far are
we from the Gauge Forces" (Plenum Press Inc.,

New York-London), Erice, August 4-13, 1983.
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[I-9. "A study of possible new heavy-flavour production at the
CERN (pp) Collider"
Lettere al Nuovo Cimento,vol.37, p.255, June 18, 1983.

[1-10."New flavours: experiment versus theory. From charm to
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1983.
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1 - The lepton a::ymmetry analyser:
LAA Addendum 1

Open presentation CERN SPSC, March 18, 1986

BCFL Collzboration

K. Alberini, G. Bari, M. Basile, J. Berbiers, G. Cara Romeo,
R. Casaccia, L. Cifareili, F. Cindolo, A. Contin, G. D'Ali,
C. Del Papa, G. Iacobucci, I. Laakso, G. Maccarrone,
T. Massam, R. Meunier, F, Motta, R. Naniz, F. Palmonari,
G. Prisco, F. Rohrbach, P. Rotelli, G. Sartorelli, A. Scarsella,
(. Susinno, L. Votano, M. W illutzky and A. Zichichi

-

ABSTRACT

The problem of establishing the existence of new flavours is
discussed.

A method is proposed which allows to determinz the "up-like"
or the "downlike" mature of the new flavour i.e. the lepton
esymmetry.

The Lepton Asymmetry Analyser is an instrument which,
apart from any theoretical model expectation, serves the purpose of
searching for a lepton asymmetry and its pr dependence.

To measure the sign of the asymmetry means to establich the
"up-like" or "down-like" nature of the new flavour. The p;
dependence is function of the new flavour mass.

The LAA coupled to a powerful central detector, like UATL,
allows the study of lepton-jet physics and of its associated
phenomenology. _
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THE DECAY BRANCH(NEG RATIOS

WE USE THE KNOWN SEMILEPTOUIC BRANCHING
RATIOS FoR CHARH

D—2*

. ( - ) ~ 0085
(D— Aat)

- At %)

¢ {C' ’ ) T~ 0.0YS .
(AL = aw )

ForR ALL OTRER HEAVIER PARTICLES WE
ASSOME A CONSERVATIVE VALULE

- BR (€%) - o1 .

o RecedVT pATA FrROM CLED :

O0.13

(M'b - f”m
[I‘Té-) ALL) | B

© FOR QUARK (MASES GREATER THAN T™E PEAUTY
nACs  BR (£¥) Swovld BE Euen ceeaTer,
APPROACAING THE UALUVE 0.2%8 WHICH (S
EXPECTE)D FRorm THE RUARxS CoLovES AND
LEPTONS COUNTIRG

1.20
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-
i

‘-':I >

=25/
"
 INTo ONE LEPTONIC CHANNEL:

BR = ?5"75‘x .:l_._
| N

WHERE N = w. oF FAMILIES

g LEPTOM FAMILIES 4+ 3= Z QUAREE FAMILIES

1.21
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SCHEHATIC DIRGRAH ILLUSTRATING FOR A

QUARK THe TRANSITION FACTORS BETWEEN

TWo FAHILIES .

[th b
FAMILY s — e e e —
il =% 39
» Sinf = Sin 'f-
3 t b =
FAHILY ——— g — — N
=
s-‘nf;: sinZ§
2hd c
FAHILY  Shma——
SIMA= Sr'u9
451’ u,o{

FAMILY ime——

MobeEL SUGGESTED RY
LIFETIME

<D

o g

= @

v L 3
T
R 5
V@ .

L.t

¥ 3
XV *
»

THE BeAUTY
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THE (EPTON DECAT DISTRABUTIONS

DATA FRont ClLEO Omn THE SCETU (SPTOoN(C DETAT
OF BeauTy Flesons | My @ - Xev.

e er ~ HD A 2.0 c)a‘)/c,z' -

C:‘.e. TwE€ TIASS RECOILUNG UWATH @eseecT To
THE (EPTons (& VUERY MNEAR To THE D HASS
(see FIGURE oON PAGE 41)

¢ ® Y= CHARGED. Fictl PUCGTT OF THE DECAY = &

(oF whick 2.5 ARE,6 oA kvE'ﬁ:‘l—G—G,CouT‘&BdTED
&< TWE D DECAT)

CTHESE  LESULTS  SUGGERTS THAT EJVEN AT THE HGH

FLASS VAWE o©oF I, THE STETHEPTONLC DECAST

PROCEEDS WA A 3B-body DECAT, wITH A& JIASS
(, DIFFERENCE VERY AEAR TO THE VALWE:

Aun = omsss, e - Mrass |

-

IS
e

DATA 00 THE HADRON(C DETAT OF BEAUTYT TESWS
SHoWw THAT THE = TEAN CHARGETD HOLT(PLC4TY (S 6.

N, — D + & c)ae.zfml w 2 meuwtzaly
l_p 2.5 cla.u..zsoao{

™
L]
o
1

My —= D + &-body o
- 125
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R T THE FoloUNAIG WE WALl ITAKE THE ASSURPT oA ;

@ THE ToTAL MoOLTIPLLAUTYY OF

SETH LEPTOANC DECAYS
S 2 AND THT

DECARL (S K€5—ux.€ For. TNCSowm s
AND PHASE - LPACE ToaA BARtonS

@ THE _T'OTA'L,

)l

HMuLtiPruceTy ofF HADRGANC DECAYS (S

&~ 3 FOR.. d;\ IfL?JMA

. - Cmcha.’..u- + 6) Yol - b@.aﬁ-tt‘flr

bon

- h.ccwg beauly

(THIS IS A CONSERVATIVE HYRTHES IS - HeHER VAWE!

OF TolLTiPlacq Ty ForR THE @#HADROMNIC DECAYT PRobucE

HGEHER VAWES Fofl THE ASYTIIETRY - SINCE THE

HADROMN(C DECAY S ©OF TofP AMND Hemn" GEAUTT CAM

Bt ExPEcTED To PRoOOUCE

TorEt PAR ICcLETs THAN
& BEAVTT ) |

1.24
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ExAMPLE OF A SEMILEPTONIC DECRY

(up-LikE)

(DOWN-LIKE) N

wT
Ve

DECAY OF UP-LIRE QUARK INTO DOWN-L(KE

QRUARK -

NOTICE THAT THE MoLTiPLicY Im> IS
PRODUCED RBY THE HADRONIZATION PROCESS.
A THe WT IS VIRTUAL |, THE

"pECaY VERTEX M 15 A THREE - 80DY

DechY .
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EXAMNMPLE OF A HADRONICL DECRY

<n>,
(up-LIKE)

(DOWN~LIKE )
W'l-

(UP-LIKE) (DOWN- LIKE),,_,

<’">.?,

THE ToTAL HULTIPLIGITY IS THE RESULT oOF
2 HADROMNIZATION PAOCESSES, ERCH ONE
GIWING A MuLTIPLICGITY <m>; .

N IODICATES THE FAMILY NOUHRER.
LEPTONS ORIGINATING FRo SECONDARY
DECAYS OF THE HADROMISATION ARE
low p_  PARTICLES .
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RECOILING TASS (N THE DECAT:

THESE DATA StHoW THAT THE "PARTicLg"
RECOILING HAS M(X) v @ GeV/c? HASS  i.e. CHARN

ELECTRON SPECTROTY (N THE DECAT

T L LI | 1 T

&
i

CALLL LATED

@)
!
T

(electous /200 nad)

du
€

d
<

) ) Eo (Gev] -
{Fig. 9 Experimental results for the electron spectrum. CUSB, Re
Y8 compared with calculaticn of the spectrum for the decay B-evi,
for H{X}=1 GeV (b-u) and M(xX}=2 GeV (bec)-

et onih #zi&ﬂi’ﬁ@;ﬁéuﬁ‘iﬁ%&nn TN ot
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Maw of the decaying Mags differena bifween the
Flavous primosy Fladows amd ito olecay
(@ |c?) AH( Ge\l(c’f)

Heawy beauly 55 | SRR 30

Top 25 } _______ 20

Beauly S Y e 3

Ce'-Q/lm 2 } _______ A5

STaon geness 0.5

The dalo cbtoined from Howle Conlo simufalion

shouw

thal The El.pTon specTaa. oblfained in the (up-ﬂ'l(c«&-bdou}n-&‘ﬁfe)

taansition aue dvatacTedsed by

the same tauud -

Nelice : the abscissa is pr[AM.

¢ Heavy beauty (AM= 30.0 GeV/cl) A%y — AT jorel
A Top (AM= 195 GeV/P) AL — A% u*v
»  ®m Beauty (AM= 3.2 GeV/ct) A > AL A0
e Charm (M= 12 GeV/cly  Afe— A ptv
' 12
| .
10— “0‘."2, |
& R
r LI ., |
< . *
X A
5 0.6}~ ‘o
i »
= A A
|
RAN 4 ¢ -
L
0214 A = ]
]
]
I r (4% e
0 0.2 0.4 0.6 0.8 1.0

1.26
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EXFERINENTAL FINDINGS VERSUS THEORETICAL
PREDICTIONS

CHARM PRODUCTION (N (pp) INTERACTIONS

THE coNCLUSION OF THIS SHORT REVIEW oN
THE YCHARM! FLAVOUR PRODUCTION IN  (pp)
INTERACTIONS IS THEREFORE AS FOLLOWS:

LY THE CRoK-SECTION VALUES FOUND ARE
AT LEAST AN ORDER OF MA&GNITUDE ARKOVE
THE "THEORETICALY PREDICTIONS OF
PERTURBATIVE @co;

(L) THE X-DISTRIBUTION ForR AL | ic Toe
LEADING EFFECT , WAS THEORETICALLY
ODNPREDICTED -

(it) WITH "New" MobELS (EsseNTIALLY
FLAVOUR EXCITATION ND Do~ PERTURRATIVE
QRCD ) BorH CRoSS-SECTION VALYES
AND "X -DISTRIBUTIONS CAMN BF
"THEoRETICALLYY DERIVED.

NOTICE .
THESE NODELS CANE LATER.

ALL THIS SHould BE ®UITE A WARNING FoR

RCD PREDICTION ON HEAW - FLAVOUR PROoDUCTION
AT EXTREME EENERGIES SvCH AS THOSE OF

THE  CeRN PP CotLIDER
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(&) FURTHER REMARKS

FOR THE BENEFIT OF THOSE WHO HAVE
STRONG FAITH IN QCD, IT Could BE INTERESTING
To RECALL Few FACTS ON THE oNLY HEAUY
FILAVOUR So FAR EXTENSINELY STUDIED.

THE  PHOTOPRODUCTIEN WAS CONSIDERED A SIMPLER

CASE TFOR GCH. THEREFORE ITS PREDICTIONS
SHouLD HANE REEN IN RGREEHENT WITH

EXPERIMEANTAL TFIADINGS.
A SOMAARY OF @cd PROBLEHS N CHARY

PHOTO PRODUCTION PHYSICS FolLtols:

o) 1T IS IMPOSSIBLE To PREDICT (ARGE
PHOTO PRODUCTION CROSS- SECTIONS OF THE
HEAYY FLAVOURS BY HEANS o+
PERTURBATIVE @®CD ;

b) THE p- DEPENDENCE OF INELASTIC (<3,
FOR oPen AND HIDDEN STATES , CANNOT
BE AwoUNTED FOR BY QLD

o) THE A - DEPEDENCE CANNOT BE Pti
( PERTURBITIVE QCD PREDICTS Ry,
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COMPARASONY BRETWEER THEOLRETICAL WodELS

AND EXPEATIENTAL RESOLTS oL HEAVY FLAVOURS
-Pr&obbc:nom,

« . Table IT
models
i t
experimen flavour
diffractive| excitation fusion
Leading es es es } no -
effect y Y Y ‘. Ao
threshold steeper N los steeper »>steeper
behavicur than In2s No: than in?s than 1n2s
mass ; 2 stronger >> stroﬁger
| 7 1/m

dependence | / than 1/m? | than 1/m?

m:
Cross . : ‘
cection large large large small Mgﬂ

a . i

A a<2/3%) a=2/3 a =1 as=...
dependence '} A0

. {%) The P dependence is derived from data on strangeness,

| | .
DoES ANy ToDEL REPROBOCE paTA ! AD

N

1.

'Y

L LR S >



44 . GCENERAL HYPOTHESES
ﬁgomc.ﬂom DISTRABLTIONS OF BARYOMS AND NESQWS .

r2orn 182 : LoNGITUDINAL TIOREATON DISTRABOTIONS !

(FlauRes US,46,43) BARYOMS @ T _ coust.
’ dx
(FIGURE 48) HESom s Eji < ("f"“)s
%

TRAAN SVERSE TWOMEMNTUR DISTRAB0OT(CA:

-2.¥
BAZyomwS & nEsons: dg 5
—Lpe
dp
3
RELATIVE YIELD ©OF NESoNS AMD &AaRYownS _
( AT ISR @ L . INCLOSIVE CRosS-SECTIoN FoR BARYOMS. 4/, <
T ToTAL CROSS-SECT(ON
| g ¢
(EADING _ L . FREE PARARETER ('féo-wr/@)
107 A T .

SETHLEPTOAIC BRANCHIANG RAToS _
A\ , _
FROR lo*e) DATA : 8., (be,a.td'y n-ue.sw) = 0.3
Be =0 For AL FLAvoORS

DECAY DISTRIBUTIoNS -

FRom (e.*‘cr‘) DATA : SEM(EPTONIC DECAYS « 3-RodY PHASE SPACE
FoR BarRyomns
Ke

3 fo. MESonS

Habdromie DECATS: THASE SPACE Wi{TH
MOLTIPLLUT Y R Folk CHAR

& FoR OTHE

CRosS  SECTioA -

FRor. QCD EVALLATION) : ¢ (pp-+tX)=0uS b WiTH M ~20Ge
[VBARGER etal. (1961)] pstas t ? '
t /s \

TR0l DINENSIONALITY AND SCALING ¢ 6o - (=2 |

P . Ata )
G'C:.Z,QOO}.(!: Q(MA.*:BS?WAZ) :0.0YHE
Gp= 10 pb T (M.b*‘: S$9en/z2) = 0.6 pb
T (e =25 Golft) =0 s

1.28

RIS S
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LEADING EFFECT 1N AL ProducTion
pp — Ac D+ a..fvufftx.img \rS =63 C,aad
. -— u-.:_._“_-‘ -h:—*_ o
u N -"""-.._‘ -
o
—_ —————" &
el e
—, 102 | ]
2 - -
- - -
™~ R .
=)
0 - -4
- do/dix e (1-1x 1)04020.55
10! l ! | I
0 0.2 0.4 0.6 0.8 1.0

|XL!

129
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K LEADING EFFECT 1IN Al PRoDUCTIOA

100
\ﬁﬂ—
{ ! L N ‘S— .
o S0 L
<I
T
=
<]
11—
0.6t t1.26
. de& -
< % lo( (] X
-!_,
L ! I | ! | ;

1.30
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STRAWGENESS, CHARN AND BECAUTY BARNDNS
COHPARISON AT \JS = 63 GeV-

ARBITRARY UNITS

10 B A:’/At:, (2)
RD/E 1 - :?*_ — _.,.?7_ —
101 L
! 1 1 1 1 I ! ! I
0 o
10 - Ao AL (b}
—d
Rb/s. : +
1 + — II _
107 L
{ | 1 ! | 1 ! | 1
3
10 5 o —
A&’/Aos. {c}
7
0 s
1 %
/
Rb/“- | |
> 10 L L7
S
1 . o
5
S/
10’1 B
1 1 1 1 1 | 1 | !
0 0.2 0.4 0.6 0.8 10
%]
Fig. 2

1.31
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EXPERIMENTAL X, DISTRIBU TION OF D°

6N!é|xU

80

60

&0

20

Model 1

- Ei—‘gm {-{—x)g

Model I}
\/ 7 RLAT-Y
A
Bﬁ
\ | Model Il
A\ FLAT-X

SR
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“THE Ploductiony DISTRIBUTIoNS OF BARYoLU ALD

MESoU STATES

i ————

ISR 2esuLts on THE RERCTIONS !

PP —s D+e” + Aoy f'H:uc,‘ G:"S‘“& on page 4L)
PP _— /\E-f- e— +* ANY THING (F:’g»ua o pﬂ-rjt ‘l—g)

Pp —> /\Z+ et + ANYTHING  (Tiguwe on page 46)

INDICATE ToR THE LOwCITUHINAL NORENTULA DICTRIGuTic])

_ 9.!§ ~ CorsT

FoR. HEWY FLBVCULRAED BAZYouy
dx - |

(Ce. A RATHER FLAT - bISTRIBUTION )

5245
(:‘.e. A SoFTER X- DISTZIZUTION ) ,

. 3
e ia- ~ (- fx]) ~ FoR.  HEQVY FLAVDCREND
dx i

Rub' For THE TRAWSVERSE MonenTurl DISTRIBUTION ;
-2.5p_.
_ég‘ ~ pe P FoR. /BOTH 8ARYonS AMD
| dPr o

MESo KIS .
(ngmm on pages 50 and 54)

—

THEE D ISTRIZuTIOAS witL g€ Agonep Al

Alodq THE  Followiwng difcvssioN

133,
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EXPERIMENTAL $ DISTRIBUTION OF AP

- i { ] 1
™
- \JI\
100F o i |
= D_‘_— \\\
<j<d —
‘| 1_10 3 i \\\
‘ A F S 1 ] S
| | —
\:’“T'_*T
1 F N
C i !
1 | H . |
0 0.5 1.0 15 20
| [GeV/c]
Pr
4 A :{.'Q:‘b?'f

o Ag
L=2s5s*0y4

1.34 .
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EXPERIMENTAL ‘ﬁ_ DISTRIBUTION OF D°
W

e—lZ.&tO.S}pT
. 10— l --\-\\

- hY

1 R
\ 1 1 1 I
0.5 1.0 15 2.0
) P [GeVi/ic ]~
our e~ (3¥2026)Pr <Pr> oo Helfc>
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THE RELATIVE MIELE pF TESonS AND BRARYOML -

N (p-{:) CoLl(S(oNS Tue

FollowiAlG- REARCTIOMC
DomtimwATE (L

LE'&Dth— C =CENTRAL Pﬁonocnom)

CENTRAL T (e uz&ow(y)z.+ ANT = {M(_} &Lz§

—

Meenrrac © (%LFEA-DING—),l AT

CL) FyPo =

(0

L) pp,—= 1

fl

_ = - ” oM
CC‘) 2P Menmrac ¥ Meenraad ANT = { ./ Hc..l

N (pg-?)oot,umomgl DUE To THE PRESENCE OF
AR ANRTI— FLAVOURE D ANTI-BARYON (G STMEJOTHEG

LEADING REACTIONS AN OCLUR :

(L} o I_f’hz_" EC-ENT:‘?-&’L * (rg'UEH-DHJ’)A. v AT = { EC-‘ /eét-«t(
(L) -~ CcN*:%L N (Etc—:&b.w&)z. * A = {HC / E"——z(
L) P‘J 2 T (E)(.E./wrrdc- )-1+ (gLEADtﬁJO-)z ¥ AT = {BL‘A’E LZ%
(C) = Meeprpae F(-C.ENT&&'L +_Mkf = %

THE  iNDIcEs  (4,2]

ARE REDONDANT (A THE (Pp‘)
CASE koD

Wil AL o(TTeEDd FRoT aApw o .

1.36
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' THE  RELATIVE YIELDS Fo& THE PRODUCTIOAS
OF CEMNTRAL nESous/ﬂuTmEfou; ARND OF [EADIVG
BARYonS [ANTIBRARY o0 , RRE THEREFORE :

t[oh[Mc‘} EL} + U-[”c) ﬁe:j‘]/o--r N LEADING

1

:[cr{ﬁ; }+ 0'[ - M f]/o* TeTAL

f& 2[0-[50: &L.}"-‘TIB’-j ng]/G-T ] LEAMING

(. =) = [ ToTAL
g5 = lolns B fos RN

CAWITH

g = Tl cre® (ECTION =

_:O_Zf Lf-l-cr{ JHJ-H n}m-fUL}

i

AT Twe ISR | THE RAT(o LEADING /ToTAC 14 :

~ 1/ FOR  STRANGELECK
~ /8 FOR (uARM

IN  00R  DISCOSSIoN WE Wit STUDY THE
BEHAVIOOR OF THE [(EPTON ASYRNETRY A°

AS A FUNCTION OF THE RATIO LEADING [ TOTAL 137
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(EADING lLem*
yj; 21 TorAL C= S
Gﬂbaau'a
4@@3 ) 4/4(: 2.5 %10 ?
O Ced
. i‘ ’ @kaﬂ.u.a.) -3
( f.,f\.) /f/ ~2 X {o
( 3Gey 8 -
(bearity) // »2.Sx10™%
' /16 stzou
e)f Ao G?‘J asa,f:s!SR- =
fee G -3
(¢ ;_SJ '{/8 a: iht;:
=Ft 3o eV of ISR
’{/ ~2S o_.z'
{ 4019¢\J' 4’ .4

1.38
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A\

N o wr e ke wm o dm o b e w w W o
__n/ 22/ ¢S ss=ndw

' /ﬂilllll!...lll....l
” N\ /reh s¢ 2 vy

}
]
]

N\
\
o/_

<

0.(\‘ T

04t

el . _ o .

Y-~~~ -~~~
Rz

0.1

e

o

@ /s

(M

- 1.39
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THE [EPTON GS\/HHETR,V I AN IDEHL
EXPERIMENT

WITH  THE  ABove MEWNTIONED ASFUAPTIONS
WE HAVE EVALUATED THE [LEPTON ASYHHETRY
FOR

a,-) ?né =25 d'e,l//(,z' | m.b"f = g C-CU/Cl

(
5-) m =38 Gcl//cl
AS  MEASURED BY AN  IDERL EXPERIMNENT
CAPRBLE ©OF DE’TQCT(,\IG MUOAS 1 THE
AZIMUTHAL 41D PolLAR INTERVALS
¢ 80 ¢ ¢ 3°

&
o6 ¢ ¢ ¢ 30°

IV THE  FoLLoWING TRANSPARENCIES SomME
OF THE RESOLTS FrRon THIS HMONTE CARLO

SIMULATION ARE SHOWN

140
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| THE LEPTON  ASIMNETRY A° CoMPUTED 1IN THE
' ConND1TIO NS SPECIFIED BELOW :

HAX '
Jeur= 30°, (Leading/Total)= 0.25
12
0.8 -
¢ o iy
;oo
O-QX i A& T _
K d —
- (g = 25 o) |
C H 1
= !
0
b 3
-PO“ (Mslg:S'S' eN :z.\
¢ -0 [~ Xa. 4 e
“’:9: i‘
> /
08 [~ e -
! { ! 1 ] 1 |
0 5 10 15 20
pr {CeV/d)
L THE Pefr  PrSiMoAS bﬁQEM‘b on THE Nacs

DIFFEREANCES IN THE DBECAY
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THE EXPERIMENTAL [EPTON ASYNNRETRY

AN ORDER W EVALOATE THE (EPOAN ASTRRETRY
IN A REAL EXPERATENT, Two FACDRS

NEED To BE TAKEA) HTD  ACCOOMT

A- THE DETECToR ACCEPTANCE

Q- THE BACKGRoLVAOD EVEC AS DETERIRIMNED
By  PHYSICS AND Bt THE APPARRATLS

RETeECTIond YowerR.

1.43
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1.44

THE EFECCT OV THE ANCOLAL COoV X Q
THE (ZPToN AstnneTRYy AT omPoTse (8 TS

ANGULAR REGION  DSRIEDd BY TWE APRARATOS

5°¢ 8¢ 3s

1.2

1 f ! I ! 1

0. 0. 10. 15. . ZIO.
pr (GeV/c)

N THE ANGULAR

THE  EFFECT OF THE WWEAR U7
OF THE APPARATUS (S TO MAKE DISAPCEAR

COJE RAGE
THE ASYTIAETRY DOE To CHARN AND BEAUTY,

THE (EPTop ASTHREeTRY RENANMS SuPeRB PR
HEAVIER FLAVOLRS .

S LU 1 It P



BAcKGRouND EUVARLUATION 61

3 BACKGROUND DUE To Tu0NS PRoDLLID BY It

Rt

AND Kk DECAY-

CEXTRA POLATION OF OAA DATA

-—diS-- Mmoo A T + "
Cg(ﬁ: P‘Po/(Po*PT) LFo& _E\T_"’_."T_nylcz.S]

(A= 0.3F mule &2 CIQ»U—?'; Pc==i.lf‘f Gen/e. m-=3.8:\,‘)

INTE GRATED IN THE RACDITY INTERJAC :
(3% v4 L 3.0

JSING A K/ RATio ©F ™ A/2 .

THE EXTRATPoLATED HADRoA RATES HAVE BEEN
FWOLTIPLLED 24 Tue DECAY PROBABUTY A

Twg APPARATULS

B o i

d BALeGRoud FRon  PRoNPT NOON SoufRiEs

OTHER THAN HEAVY FLAVWORS , (e. WT 2%,

THS RACKGROOMD 18 RS LEVAMNT ONLY  Folt
Pr 2. 20 Coldfe.  AND CAN  BE ELTUNATED  BY

DEOTIFING THE \WF on s .

1.45
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THE  ASYIUWIETRY CAN BE€ DEFINED EXPERATENTALLY AS:

A2XP_ NT(p) - NT()
AT () + NT ()

-
WHERE: A (ﬁi) = TOTAL NOUNREL oF ﬂtSGEJU N THE APPARATUS.

SUBTRACTIAG THE BACKk GROUAD FRov ﬁQ'XP JE HAVE !

(

P X Vo Vi o L i L e B e %)
(v ()= G DT () - 0 (5]

cale |
WHERE - Nb (}4*) = AMUNBER OF CALCULATED /ut FRon
BACIGROUND

IN THE DETERMINATION OF Agy, TWO ERRORS ON: BACKGROUAS
LONTRIBUTES !

A (o5 (1) 25 ()] AeSowTe BRcxsRoND (evelL
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Table 2.1. Toroids.

Magnetized ron:
sectors internat radius external radius length weiaht B minmum

[mm} ] mm] g [7]
Ta 16 2000 5000 600 302 182
T 16 357 3700 600 195 1.63
T2 16 319 2500 500 74 1.68
T3 16 3179 2500 400 59 .68
T4 8 379 1624 S00 28 1.73
15 g 378 1624 508 28 1.73

Bmaxmum s atways 20T

Tolztweight = 1376t

Nor-magrnetzed rom

sectors infernalradius externalradiuz kength wei?ht

jren i fren)
F{ g 16234 2600 100 6.1
Fi g 379 1332 160 64

81

1.65
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Table 2.11. Scirtitlation courters.

sectors internalradius externairadius strface Pis per Plds

frionj [mm] m<] sector  folz]

S1 16 357 5000 64.3 6 ag

S2 16 357 3700 41.6 3 48

S3 8 378 2500 123 5 40

54 8 379 2500 12.3 5 40

S5 3 379 1624 .0 2 16

{ 2 S6 8 379 1624 7.0 2 16
| S7 8 1634 2600 116 3 24

SE 8 3783 1732 g1 2 16

Eachscirtiltator is 2 em thick and iess than 2 min fength.

Tolzi surface fboth sides) = 348.5m?
Total weight of scirfitiator = 7200 Kg
Tolal number of Pivis = 582

L. T )

1.66
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Table 2.1 Limied Streamer Tubes.

sectors mte:['nn;c‘l':1 ;adms exter[nr?;n riadlus s[rt;?ice ;es?gsd o Sr;égl[?n .

LST1 16 1558 S000 63.1 258 132

a LST2A 8 379 2000 109 128 1.7
LST2E 16 3050 . 5000 48.1 128 148 .

LST3 16 2000 . 3700 297 128 13.0

LST4 8 1000 ~ 2500 14.9 128 10.8

LSTS g 319 1574 721 128 90

Total area {ooth sides) = 356.6 m?
Tolat nurier of sis (both sides) = 245688

1.67
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Table 2.1l Lmfed Streamer Tubes.

sectors internalradivs external radius surface r-sbps r-soo
[rrm] [rrn) [m4]  persector size i
LSTH 16 1550 5400 63 1 256 132
s LST24 8 379 2000 1049 128 . 117
LST2B 16 3050 ] 5800 451 128 149 .
LST3 16 2000 . 3700 297 128 130
- LSTY 8 1000 - 2500 149 128 108
B LSTS g "3 " 1gm 21 128 9.z
Tollarez (ootheides) = 256 6 m2
| Tom! numzer of erps (Soth sides) = 24638
/3:_

1.68
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VS RADIAL COORDINATE

ny THE AST (ST PLANE (4,28

| efficiency=05% at p =5Gevic, ¢=0°
| 400 |-
5T4128
-~ 360 L L ”\ HiG# ANGLE
(ﬁ; (Low HONEUTUH
- o 30 L LSTH3 : PART(CLES)
}__
a 280 L
240 |
= _
O
= 200 L
< LSTZA!5
[og]
o 160
o
w 120 L
;.._l
; 80 ¢ SHALL ANGLE
| (Mg HOHENTUH PARTICLES
? 48+ BUT MAXIMUr THICKNESS OF IRON)
£ 8 ! L 1 i i ! 1 { 1 g
40 80 120 160 200 240 280 320 360 400
r ¢ INplans
LST1,2A[ I [Nplane]
THe Si2zz OF THE SPREADN IS CONFORTAZBLY
BISHER THAN THE SIZE OF  THE LST 2-STRIFS

= POSSIBILITY OF ANTOUSTHENT

oF

1.83.
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efficiency=95% at  p =10Gevle, & =0°

=T
400 L Y
j - L LSTH28
{1 T% 120 | ' \/
: = L5T43 S
3 20
240
e
S, 200
1
-
e 180
m
&
B 120
L._J
&0
40 |
( 0 i i t | | | 1 { Lo
; 0 49 8C 120 160 200 240 280 320 350 480
r < i plans
LSTLZA[ I [Hplane]
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ﬁ: =40 C/@U/c..

- 857 G#f'cie,uc.y ‘soCimes
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CRLCILATED OM TiHE RALIS OF THE PRAODYCTION OF
RACKGSROUMD HUoMS FROH 0 oud K DEZRAYS

— The URY AT To THE INVARIAMT arozi~ TESTION

FOR THE FRODULTION ©F HMARRoNI AT V5 = 530 SZey |

— THEe 4 DISTRIRITION OF #A0F0NE HEAIYEZD 8y URLT

— A DEcfRY O PATH ©OF 240 cyn

—_ . . - 25 N
~ TRA RBZo LYyMINoSITY o= L 407 cm™ = geo!
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FILST LEVEL TRIGGER RATES

-
E= 957 AT d'\a.z.ﬂe. Sigu Rate (2] Eaﬂu sides

o) Pob’:f’f&te, 6.4 @
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e #gen/e 3.2
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o Tt 1 A . “
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'DR!FT -CﬁﬂHBER T INFORHATION 10 ORNER Tp REFINE

P TRIGEER .
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BACK.GROLLA TRAGGER RATE AS FoacToa OF £.

do'r +=

Che]

RATE /oF Gel/e

A05 g

Ao

AU EVENTS (w10 TRAGGER)
TRAGCER CONFIGURATION.S
GinG £=957% AT
- PT = ;qw/c,
A0 Genl /e
o) 2 & é6 8 o 12

PT (CIQ’U/C-)
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108 MONTS CrAfp SinuLsiion
(GEANT)

To  STUDY THE RARsHAVIOUR OF THE AFPARATIS .
NG PART  alLpR:
e \WINT PAETICLES Do 1 THE U A LET PrLAanNss

AAD L CHAMRERS  WEEN  CePleEDd To LAR 1R
T RAINS

2 STUDM OF T DISTHRUTIONS 8A)  LAA

=
~i

1S U ZLRADED URA . wWiTH THS MNEoJ

ey ) LI . ' ()
CRH O IR ﬂa—’?TEQSJ WAL ONSIDEIEEDN 1IN - THE
SINDLATION . |
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DESIMTION OF VARIABRLES .

PROTECT IO OA) HOR FOATTAL
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- FOR HITS ON LAA LST PLAMNES
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RADIAL DISTANCE CORRELATION
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. DATA ALQUISITIOAY SYSTER | ‘

HAMRDWARE | To BE 4s corPaATIBLE AS PoSst BLE
SOFTWIARLE j UWNATH  UAA4  SYSTER BASED, o \MELuy
ENISTRAQUTED (NTEULGEACES For DATA

ACRUIS(TioNn AND REDUCT(OMN

o Tor NitEbus BASED sysTern To MOMITOR :
- HiGH VOLTAGES
‘— THRESHDLDS O SCtATILLATION
COUNTERS AND LST

- TAGGER EleCirRo pLCsS

COMPUTER. A CoTtPUTER For PRoGRAR DEVE(OPRENT,
TEST oF (PARTIAL) DATA ACQUIS(TION,

efe ... WILL BE WMNEEDED RY ~ DFC. (886.

(POSSIP.:LY o Adord - Soo D.R. EQut \fﬁfl_em'?‘)

[ b |
.-
I-—lr
o
d
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LAA
TEST
RUN
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PURFOSE OF . THE TEST Run

— T PRoVE e ARE ARILE To TRUAGGER WITH
Higt EFFICIENCY oN My PROJDULCED IN pfs
(NTERACTIONS 10 THE RESION NEAR THE REAM
Pree

q‘ .

— T0  CHEZR 0vR MONTE (ARLY Smuzm‘:om IN
ORPER 1O ENTRAPODLATS TRE TRIGHER RAT
HEASORSN (N THE TEST RUN  To THE FU_L

SET-Us

i

1.103
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SET VP COVERAGE

THE  (ON&ITUDINAL  AMXES 0OF THE SPECT
PQINT 7o THE VERTE X =
5 - 757
COVERAGE -
T FSEUBORAPIDTY Inl-25+24
AZIMUTR ¢ =-10"+-0
.

1.104
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lTHE SET~UP

2 SPECTROMETERS N THE FORWARD RAD
BAKWARD yA4  REGIONS.

EACH SPECTROMETER CONSISTE 0F-

— 3 IRON MAGNETS (FOR A TOTAL THILKNE m)
OF 453 om

THICKNESS 54 um -
60 x 400 cm®

Ci2oss - SECTION

(3]

EACH
VERTICAL WINDOW ¢ §x 50 om* [
FIELD : 4.3 Tegla
— L PLANES OF SCINMTILLATION TOF UNTERS
(T4 —= T4)
2 COONTERS / PLANE .. § COUNTERS
| 93 % 58 x 2 om?3 _
L N _ EACH
2 PHOTOHULTIPLIERS

Used FoR TRIGGER FMLD TIME-OF - FLIGHT
PURPoSEY ) '

1107



FINGER COUNTERS
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oF SCINTILLATION

— 2 PLANES
(F4i — F2)
{44 cobNTERS [ PLANE |
50 x 2 wn
b % SACH
4 FHOTOMULTIFLIERS

i.e 28 COUNTERS

L

VERTICALLY AMD PLACED
TO BE ALIGNED
INTERACTIOAS

ALONG THE
VERTE X

S HOUNTED
Ay AS
POINST NS

To TIHE
Fol TRIG&GER PUR POSES

{  PUSED

&

— L DRIFT CHAMIRERS

(DA —= D)

+ 3.5 em
YRS EQACH

STAGGESRED WiAFs Jc

P;'Ltfou, [ Et+hane (60/.({.-0 ‘/O
T & 30()[4??’1

N
7a)
3
=l
>
i o
{
{

UseD FoR TRACK  RECONSTRUCTION
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CROSS ~SECTION OF IRON MAGME

FIEL] LINES

B:1.77

60ecm
100 cm

e 5 em

60 cm

Fig. 5.2
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1.1

SECTIONS oF DRIFT CHAMBERS

ToP VIEW

HY STRIP

mNeveea Mg‘h'tq\ — 6.
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= 7 DRIFT
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(18] - :{/ 7
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deoer
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ENPECTED RATES FRoM 1, K DECAY

HoNTE CARLD CALCILATION ToO ESTIMATE THE

FLux ©OF DECAY MUONS TFROM PRINARY INTERACTIONS
IN  LAR TEST SET-UP _ |

@ omg PSEUDORAPIDITY DISTRIBUTION (UAS)

d’rf : oF HADRONS
o € d3c o Po _ Wi H po=4,t|.‘] zeN e
g dPg (Po*Pr) n - 9.8%F
FIT To THE INVARIANT CROSS - SECTION TFoR THE

PRODUCTION OF HADRONS WITH |'r“<2.3‘ (VAR
o Tw:K RATIO = 2:41
@ DEcAY LENGTH - 290 om
o MoMENTUM, wWT (DUE To RANGE) : 5 Gel/c

{ TAKING INTo ACOUNT IN THE SIMULATION ;
— THE HARDWARE TR(GGER GEOHETRICAL.

REQUIREHENTS or A TET
— THE EFFICIENCY or- uAd MINIHUN Emﬂs
TRIGGER
Wg | FIND :
RATE /SIDE = (0457 % 0.04) Hz | - MAGNET OFF

- <! '
(ng?x lozqc_m 'zSec P J?:: 650 GQV) 1‘111




128 (HALF oF $PECTRONETER)

FRONT BACK
FINGERS : FINGERS
~
! T ,”.\\
IR \
[ — 4. [ I
| U I | IR
\TH R
1 L5 3 YN
{ -'] | ?& .3
{ i G o & ‘ [ N1
Vi) \‘,}_ ]
v/ L 1
e ‘ ] I
L !
4/

3 Lo Ly COINCIDENCES

Pote, R

N oy

4
e
4
[

). R
ay; - {"“’/
A I |
— (, \
2
— FINGER CONFIGURATION| (2)13 42 3  CINCIDENCE'S
— FINGER CONF| GURATION Sjjjg 4o 4 COINCIDENCES

4

WHEN HAGNET IS ON,

—rm—

1*_.* 74! T
CoNFIGURATIONS | (1) _Eﬂ(z_:)’.} &2’9 SELEC

INCREASING p ,i.e. pr, PARTICLES
1.112 B
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TRIGGER S
(a) T CoUNTERS | (B=0)
(b) (o) = UAA HINIHUH BIAS (B =0)
() (b)» FINGERS (1) ' (8=0)
(d) | (b)e FINGERS (1) (8=4.3T)
() (B) = FINGERS (2) (B=4.3T)
(f) (b) = FINGERS (3) (8=4.3T7)

CoLrIDER  SYNCHRONIZATION SIGNAL IN COINCIDENCE

1.113
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HEASURED RATES

L =2 x 1027 em~% dec” !

® TRIGGER (a) RATES:

- |ouT@oiING T SIDE : 0.1 0.04 Hz

OUT GOING p SIWE : 0.30 +0.02 Hz

~ IN OUTGOING 5 SIDE, THE HALO AKOMPANYING
THE p BeAard IS ELIMINATED BY TIHING IN
T CoUNTERS

o
.

— IN OUTGOING p SIDE, THIS HALO REACHES THE
SPECTROMETER IN TIHE WitH PARTICLES PRODUCED
IN pp INTERACTIONS

== ADD To OUR TRIEGEER UYA4 HINIHUH BIAS SISNnAL

(uJH{C-H POC=ETS &5 % OF Ti4E ToiAL cs?ﬁs—s&"cT{cU)

@ TRiIGaER (b) RATES:

oUTSOoING P Sibe - 0,44 0.04 Hz

OUTGOING p  SIDE - 0.l6£0.04 Hz
REDUCTION OF
HALO _
CONTRIBUTION
ON P SIZE

To BE COMPARED WITH MONTE CARLO
RATE /SIDE . . 010,04 Hz

1114



RATE IN FINGER (CONTERS 131

Hz (L=2-1[l29 em 2sec™ 1)
0.075 1
| FRONT
TELESCDPE .
. 0.0601%
e
& “
~ = =
d € 0.045 1 =i
~Z =)
Xz 1 e
5 S 0.030] - %
¢ G =
| & 2 -
~ £ o0.015 E5 £¥
= e =
.ﬁ- . _-‘-_'- 5 :
2 g.ggo N SGE it Se Sieh Mk B [:]
. 12 3456 7 8 91911121314
i Counter
PARTICLES PARALLEL To
BcAM AMS
. 29 -2 -1 MSALIGNED WITH RESPECT
Hz (L= _
z({L=2e10%"cm “sec ') TO SFECTROMETER AXIS
8.0675
BACK g
_ 0.068 TELESCOPE
£ = -
[wa] Howl
~ & 0.045 .8
23 > <2
¢ | Sy
e ) Baa &
¥ = 0.030 = -
| : Z ==L T; B
. .
- £ =¥
- 0.015 =k
3 3
1 23 456 7 8 91011121314
Counter
: | Fig. 5.6
_;_ExTA.a.Pow_l'OH o‘f fobo AdTe in UR4: 1415
" 4.8 Hz/ m?* ot 4.5 m Jx-om the beam




132
TRIGGER RATE SUMHARY

- (Hz)
MONTE (AL
TRIGEHETIR | ESTIHATE OUT GOING D SIDE | OUISOING p SIDE TOoTAL
| PER S0
~ I
() —_ 0. 44 0.30 N o041
o |

S5 | 0A4S 0. 44 0.1¢6 0.2%
3 ») .

(<) — 0,068 0085 I o0.45
() | 0.9593 0,045 0.020 P 0.035
o |
() || 00002 0.006§ 0.00%5 , 0.044

—+{
) - R — 0.0048 0.002.3 4 0.0041
(.

WITH B=4.7T7T , THE FINAL TRIGGER RATE CAN BE

Repuced BY HEANS OF THE FINGER COUNTERS

i.c. BY CHOSSING AN APPROPRIATE po i,
REJECTING LOow MOMEANTUM HIGRLY DEFLECTED
PARTICLES . |

1.116
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[ Side 1- nearto the beam |

* mulipie scattering
= yertex uncertairty

0 =slandard deviation of the spread due to:

magnetic defiection

. Fig. 5.7

Py [GeYic]
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4y
~effklency
Y

1.118

TRIGGER EFFICIENCY

side1  (cLosEr To BEAH AXIS)

3 4 5 6 7 Bf- g 10
P [GeYK]
T

Fig. 5.8

.

TRIGGER (&) ‘:

T COUNTERS = FINGERS @) = (B=4.1T)
A
1

(44 cormaupEnGs |

-
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—» (3/12/1355

| MAGNST
DATE LOHINOSITY [CURREMT| N.OF TRIGAERS
(no™") (Amp)
LAA 1 29/te[ 1985 223 + go 4, sg xdo¥
XS —3 -0 4,08 4o
> (121935 5 ot yioe
é‘ef o URL | iaf12/i9gs {0 | +30 {35 x 403

SUMMARY oF
LAAR TEST RuN
BATA TARING

A

1.119
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OFF LINE ANALYSIS

b3

w1

DATA HAVE RBREEN COLLECTED WITH TRIGGER (d):

T COUNTERS @ UA1 MIN.RIAS « FINGERs (1) * (B = 4.?7-)

.fx
(44 cowc.)

Due To THE SHORT INSTALLATION TIME | IT. WAS NOT

{,Poss:az.e To PUT  MUCH CARE ON DRIFT CHAMBERS

\RLIGNHENT = SETTING ERROR OF THE ORDER
oF 4 anm .

1.120



‘Events ! 2 nsec

. _ 137
DRIFT TIHE DISTRIBUTION
400 |- LEFT RIGHTY
- \ /
wiTH
300 | B B 20 Mm jnsec
_ DR Fr vELOUTY
= INTRINSIC
i RESOLUTION OF
i — 3&§r4m
- ' tﬂ-’——_ﬂ
200 +
100 -
~20 1] 20 40 60 80
- _ A T(rsec)
A= (—-'1-1-—1-3)-72,
2
Fig's.9 1

T‘; 12, l_:, Time signals oj’ sraqgc:.ed wiLs ‘ﬂ---_..z,

1.121
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#9

1.1F2 '

everts ! 0.2 nsec

TIME-OF - FLIGHT DISTRIBUTION

i CoUNTERS

150 ¢
100 ¢
0 =330psec. =~ G,
S0+
0 1 1 H ! ﬁl%

1 05 0 05 1

A tinsec]

¥ ' 1)

AL =(t, -S-“CE) _ (f:_g_-ri’f)
2 2
For A PAIR _OF 7T CouNTERS 4,2
Fig. 5.4

Wit U(D)= PHOTOMULTIPLIER

() - UP/[DowWN)

N



Events!? QeVie '

e ol —mm——
o .
o
|

704

RECONSTRNCTED
'DISTRIBUTION  (coneched Jo1 energy £oe)

<P>

roenTUT

2 43 Ge¥/e
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T I I ST R
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N

112

efficiency

.
side 1 (closer To beown &xfs)
0 .
5
0 56 7 8 9§ 10
D [GeYic]
.
 Fig 511
RATIO EXPERIMENTAL . DISTRIBUTION

HONTE CARLO

CoMPARED WITH THE EXPECTED TRIGGER (C{J

EFFICIENCY
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AN N UAA TRIGGQER L0G IC

INSERT LAA TEsST 1IN UAR4 TRIAGER LogIC
IM ORDER To PRoceg]d FTURTHER AND ToO SiUdY
THE CcOMPLETE EVENTs, AS SEEN RY UA41 _

A0 nb~' INTEGRATED LUHINOSITY COLLECTED To
THIS PURPOSE -

A SAMPLE OF  EVENTS , REONSTRWCTED ROTH IN
LJA1 AND IN  LAR SPECTROHETER  HAS BEEN
SELECTED 10 BE SCANNED BY EYE USING THE
EVENT DISPLAY FACILITY OF UA1  HEGATEK.

TwofFoLDd PURFOSE -

® TO CHECKR THE GENUINITY oOF TRE TRAKS
TRIGGERED BY (AR TEST, ie. TREIR
PRODUCTION BY TRUE pp INTERACTIONS.

® To CHECK THE CoNSISTENCY oOF THE MOHENTA
 MEASURED BY UAM AND THE LAA TEST
SET-UP.
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SCANNING - 46 evenls

SEARCH TFOR TRACKS HAVING HOMENTA ASOVE
w 5 GeV/c AND WHoSe EXTRAFPOLATION FTROM
UA{ CENTRAL DETecTor PoINTS To0 LAAR TEST
SET - UP.

WE  FOUND :

e
(RN

DIVRLE  INTERACTION  EVENT
T 5, 2 EVENTS wiT#H A STRONG UNBRALANCG OF
TRACKS  BETWESN INCCHING p AND P
HEMISPHERES ((PROBAZLY DUE T0 BEAH- GAS
INTE RACTIONS)
o 1 ALHOST EMFTY 'vENT (<10 REGNSTRUUED

TRACXS
o 2 EYSNTET WHERS TeHE AR TRIGGER TRACK
WAS CLEARLY IRENTIFIED AS A HALD TRACK
<
THE REMAMNING EVENTS (94 7)) WERE INDEED
PP INTERACTIONS . S

IN ORDER TO CHECK THE HMHORENTUN
NEASUREHENT oF LAA TEST W(TH UAT,
WE HAVE  TAKEN 5l EVENTS WHERE A
TRACK WAS  UNAMRIGUOVSLY  POINTING 0
LAA SET~ UP.
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THE ITmMS VYALUE OF (J/Pum‘“ J/PLﬁﬁ)/(‘{/PUﬁ‘i)

DISTRIBUTION (337e) IS GREATER THAN
WHAT EXPECTED FROH MHULTIPLE SCATTERING

N THE . -« 40 Gellc HoWENTUN . REGION

DUE (0O :

— THE LARGE UNCERTAINTIES |IN THE
ENERGY LOSS CORRECTIONS (WHERE THE
TRAVERSED THICKNESSES OF CALORIHETERS
WERE ODETERMINED  BY EYE) ,

=t

— THE IHPORTANT SETTING ERROR OF THE
DRIFT CHAMBERS

~ THE APPROUNATION OF THE FAST RECONSTRUCTION
PROGRAM USED IN (AA TEST.

A~

UWHTHIN THESE E‘:’&r?,ORS/ THE MOHENTUH OF

THE ROUGH (AA TEST CAN  RE CONSIDERED
I  Geod AGRESHENT WTH THE TMOHENTUN
Or A,
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III-2. "The lepton asymmetry analyser : LAA"
CERN SPSC 36-3, SPSC/P200 Addendum 1,
March 3, 1986.




CERN SPSC 86-3
SPSC/P200 Addendum 1
March 3, 1986

2 - THE LEPTON ASYMMETRY ANALYZER: LAA
BCFL Coltaboration
G Bari, M Basile, J.Berbiers, G.Cara Romeo, R.Casaccia, L Citarelii, F.Cindolo,
A.Contin, G.D'Ali, C.Del Papa, G lacobucci, GMaccarrone, TMassam, RMeunier,
R. Nania, F.Paimonari, G.Prisco, F.Rotrbach, P Rotelli, G Sartorelli, G.Susinno,
L Yotano, M Willutzky and A Zichichi
Abstract

The LAA adapted to the UAldetector s descrbed. The resuks of the test run are
presented.
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INTRODUCTION

in connection with our LAA proposal (SPSC/P200) and after the successful test
pefformed during the fast Collider run, we propose to Install in the forward and backward
regions of UA1 two muon specirometers. Each spectromeber consists of a series of iron
toroids with a fiek! of about 1.8 T, fully instrumented with LST's, scintiliation counters and
drift chambers. The first two equipments are for lriggering purposes, inthe 6range 5°< 6
< 30°. The drit chambers provide an accurate momentum measwrement In the very
forward region from $° bo 15°, to improve the rejection against muons from T and K
gecays. '

The assumptions made in the present proposal are thatthe existing CALCOM will
be replaced with a new calorimeter and a new compensating magnet and that the
present UA1 i chambers can be displaced in order to make avaitable the space needed
for the instaliation of the specirometers (see the minutes of the meeting held on January
13, 1986 o discuss the LAA/UAT compatbiity problems). The system of toroids
represents a thicker iron shiekd which is going to replace the existing non-magnetized
kon shiwkd.The existing planes of U1 LST's in the forward directions are left untouched.
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1. PHYSICS

The physics of LAA has been fully discussed in the proposal ( Ref. 1) and in other
papers {Ref. 2). We refer the reader to these sources for all possble delails. We
summarize here the basic points.

The production and semileptanic decay of heavy-flavous “up-like” and or
“dowrn-like” Is assumed to follow the same rend akready observed atoveer energy (ISR)
“leading” production for the baryon, “central” production for the associated meson (Hef
J}. AS a consequerke, a lepton asymmedry should show up. The sign of the asymmmetry
depends onthe "up-lke™ or "down-tike” nature of the new flavour(s}. The amplitude of the
asymmety and s pr dependence are functions of many parameters (see Hefs 1, 2 and
3). Three examples of our smulation programs are shown inFigs. 1.1,1.2,and 1.3.

In addition to the probiem of new flavours, our proposal will increase thehermeticity
of the UAT set-up, and wili allow the possivility of studying ali those phenomena where a
dractly produced i, inthe forward direction, can be associated with a hadronic jet.



2. 3ET-UP,

In Figs. 2.1a and 2.1b the top and side views of one Side of the apparatus are
shown. The herewth proposed set-up will not be changed in &s basic sructures and
conceptual design, but smalil variations of angles, sizes and postions are expecied in
order to fit within detalis the existing area.

2.1 Torokds and shielding

10, ..., T5 are iron toroids, magnetized at about 1.8 7. The variation of B with the
radius 1is atways less than 200¢, saturating the iron at smallr. The fieid map for a toroid
of this type is shown Infig. 2.2.

The toroids are divided in seclors for construction and installation purposes: 16
sectors of 22.5° for T0, ..., T3 and 8 of 45° for T4 and TS. Dimensions, weighis and fiek!
values are given in Table 2.1

For a cut along a horizonta! plane at the beam level, the total thkkness of
magnetized ron as function of the polar angle 6, or pseudorapidly ), for the present
design is compared in Fig. 2.3 with the present UA1 stuation, where the ron i not
magnetized. _

Ten centmeters of ¥on shielding (FO and F1) are instalied behind the drit
chambers in order to reject low energy particles inside the chambers.

2.2 Scintiliation counters

$1,.., S8are planes of scintillation counters. Each plane is subdivided in sectors,
as defailed in Table 2. The disposhion of the scinfiliation counters in a secor s
Hustrated in Fig. 2.4 for different planes. Scintillation counters are used in the trigger to
reject halo particies, using time Information, and ko activate the appropriate LST trigger
processor as k will be explained in §3. S

2.3 Limited streamer tubes

The maiin logic of the h-lgge-rnukes use ofﬁve planes of Ltnlnd Stmarmr'nbes
(LST1, ..., LSTS) which define the py acceptarce of the system. Due to the radial

denecﬂon in the toroidal field, pohrooordlmhesrand¢mwedholagme_
ptrajectories. For this purpose radial (¢) and circular (1) slrips are mountedon the LST..... ..

planes. The ¢-sirips are shaped lnsuchamyasboeovera A¢-2°oach ﬂvor-sh'pe
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subdivided in sectors according to the number of sectors in each torokd, are designed to
fuRlithe needed granuiarly at diferent 6 (Ar 1 + 2 ¢m). The total number of channels
for the two speclrometers will be 1800 for the ¢~coordinate and 24688 for the
r-coordinate, as iffusirated in Table 2.lil.

2.4 Drit chambers

Drit chamber planes DC1,.,DC12 (see Table 2[¥) are used for a second
mome ntum measurement in the angular range 6=5° to 6=16°. For angles bigger than
16°, the momentum measurement is done by the UA 1 central detector and, for 8219°, by
the external muon chambers.

The postion and number of drit chamber planes are such as bo increase the
precision in the momentum measurement with decreasing potar angle ©, with the am of
a resolution dominated by mutiple scaltering up toa py of abowt 10 GeY/¢.

Chambers made available by MARK-J group will be used inplanes DC4, .., DC7.

DPC1 DC2 and DC3 are trapezoidal chambers. This is required in order to ft the
inside hole of the TO torold. Cakulations have shown that x, y determinations were
necessary for oblaining good accuracy in momentum measurements. The r coordinate
cannotbe determined with enough precision in rapezoidal chambers. This is mainly due
to the effect of the dipole field of UA1 on the |1 trajectories as a function of the azimuthal
angle ¢. Eachplane of the drit chambers used for the determination of the input angie of
the |'s entering the LAA detector will be made by four symmetric quadrants of special
shape as shown in Fig. 2.5. Twelve identical chambers are necessary. Each of them will
have 5 sense wires inx and 5 sense wres iny staggered in order to resolve left and right
ambigulies and o Insure good redundancy. Wih this design a maximum of 15 x hits and

15y hits are consequently expected for every track.

DCA4 to DC? are constituted by 4 planes of 2 drit chambers (2540 x 4060 mm?2, 2
toordinates In x and 2 Iny) presently uset In the MARK J detector. Sixteen chambers
are needed to coverthe 2 sides of UA1.

DC8to DC12are consthuted by 5 planes of 4 drit chambers with the same cell
siructure of DC1, DC2, DC3. One of these planes is shown on Fig. 2.6. This amangement
has been chosen in order to minimize the cost of the construction {40 identical
chambers). The number of planes ensures a good accuracy for the determination of the
ext angle of the |1's and the redundancy needed for tracking in the high background
expected al this postion at the enrance of the SPS tunnel.
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We plan 0 have preamplifiers on the chambers followed by amglfier -
discriminators in the counting room. For the measurement of the drit time, we are
studying the design of 3 digkal TDC developed at CERN (Ref. 4).

The gas proposed is a mixture of Ar and Ethane (= 50% each).

Frototypes of smifar chambers have afready been used during the test at L 555
giving a resolution of 300 ;i (see § 5).

’
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2.8

3_ELECTRONIC LOGIC AND TRIGGER BATES.

3.1_General design.

We plan to define a first level Irigger with L ST and scintillation counters. Fiqure 3.1
showe a lorgitudinal section containing the beam and & illustrates the principie of ow
rigger. information from the Limied Streamer Tubes read-ouk strips has to be used to
define minimum momentum cuts which depend on the muon production angle, dus
accountbeing taken of mukipie scattering Figure 3.2 shows the strips 1-strips define the
mucn radial R jeddory, §-slrips estabitish that this trajectory is coplanar with the beam.

The r-strips are amanged so that the strip number is proportional to the angk:
subtended at the interachion region. A malrix coircidence to Impose a pr cut is possitle
and represerts a basic part of our tngger, as discussed below.

For frigger pumoses, each spechometer will be divided NG 8 I-cectors,
coresponding to the toroid octants. Each octant is treated independently and in parali!
inthe Tgger

Aroverall scheme of the foreseen trigaer logic i drawn in Fig 3.3

A scintitiation counters processor (Fia. 34} provides a first determination of
the octant kit by the traversing muon.

Thie processor selectirely enables the ‘LST r-strips processors’ (Fig 2.52 anc
3.5b) which require the coincidence beltween one circular strip of the first LST plane with
& sulable number of circular sirips in the following planes, and the 'LST d-strips
processeors’(Fig 3.6) whichirequire the coincidence betreen one radial strin inthe firs!
LST plane with tveo strips in the following planes.

The LST r-stips processor apply a pr cut which can be adjusted following the
wanted rigger rate. The LST o-grips processor cus out events which are not in the
right plans, e fowmomerntum, highly scattered muons.

L3T telescopes 1 and 2B will be used to trigger in the anguler range & > 2%°
(I731.5), telescopes 1 and 3 inthe range 15°< ~ 2267 (1.5 < 1] <20}, telescopes 22
andd intherange 75° <5< 16°(20< 1< 2.7), and telescopes 24 and S in the rana«
e 158%(H=> 27

3.2 1LSTr- and ¢-strips processors.

Figure 3.52 shows the schematic decign of one LST r-strips processor

Signale from the r-strips of plane LST1 (or 24) are detected, shaped and trasmits
to the trigger electronics where a receiver crcutt presents them to the memory drive
Bich. The 3-state regicter is intended to aliow 2 test patiern (6 be injected. The vector of
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hits on LST1{2A) plane causes the matrix to oulput a new vector which s the OR of all
possble patterns on LSTn(n=28, 3, 4, 5)plane compatbie with the hits on LSTi(24).

The signals on plane LSTn are similiarly shaped and trasmitted to produce a vector
of hits. Any bitto-bt coincidence between predicted and actual vectors produces a
postive response from the processor.

The allowed coincidence between the two LST planes will be sparse, so we plan to
make a design with a look-up table predictor using just enough RAM circuis to cover the
comrelation band (see Fig. 3.5b).

Figure 3.6 shows the schematic design of one LST ¢-sirps processor.
This processor is vefy similar to the r-strips processor except for the malrix which
will be probably replaced by some hard-wired crcutry.

e planto build the LSTr- and ¢-strips processors using YMEDus speciication in
order to use available electronics for memory filling, test pattern injection, and control of
the full system.

3.3 Trigger efficiency.

We have mapped the trigger efficiency of the propoesed apparatus with a grid of
6000 (6,3,pT) points.

AS an example, Figs. 3.7a and b show the radial spread on the LSTn {n=2B,3.4,5)
pRne(s) versus the radal coordinate in the first tngger plane LST1(2A) for two trigger
configurations giving 95% efficiency at py= 5 and py= 10 GeY/c, for muons produced
in the machine plane (¢=0°, 180°). The size of the spread is corfortably higher than the
size of the LST r-strips used inthe trigger, leaving room for an adjustment of the effective
pT cWt depending on the trigger rates.

Figure 3.8 shows the p efficiency curves for three trigger configurations giving
95% efficiency at pr= 5, py= 7and py= 10GeY/c, for postire muons produced in the
machine plane {¢=0°, 180°) and with 6=8°.

Figures 3.9a and b show the 85% efficiercy isolines, i.¢. the apparatus limis, at
pT= 5 and 10 GeY/¢ for the conespondmg settmgs of the PT threshokd and for postive
and negative muons. '

3.4. Trigger rates. -

The trigger rates expected inthe apparatus have been cakulated using the UAT fi
(Ref. 5) to the invariant cross-section for the production of hadrons j(h*+h)/2, wih
nke2.3):
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2.10

Edc  py"
o , (Po=1483andn=9.87) )
®F  (poepy)"

normalized 1o the tolal cross-section in proton-antiprobon interactions at vs=630 Gey,
and the 1) distbution of hadrons measured by UAS (Ref. 6). We assumed a TK ratio of
21 and a decay length of 310 em.

in Table 3.tthe first leve! trigger rates wih diferent values of the threshokd and for a
luminosiy of 441030 cmrZsec! (ACOL) are indicated.

A second level rigger can be applied using the drit chambers information, in order
to refine the p trigger.

3.5. Monte Carfo simutations.

A simuiation program, using GEANT, was developed In order to study the
performance of the apparatus.

To analyze the effects of the toroids on the UA1 existing trigger logic, we have
generated muons at fixed pr and equally disirbuted in charge, racking them from the
vertex up to the external UA1 muon chambers. In the simutation the upgraded UA1 wih
the new calorimeters was considered.

Calling o the angle betvreen the fine defined by the vertex and the hit on the first 11
chamber and the line defined by the hits on the first and second |1 chambers, we have
produced the distrbutions of the projections of & on the two planes perpendicular to the
chambers, one aiong the x wires (1) and the other along the y wires (a').

The two disiributions are showmn in Figs. 3.10a and 3.10b for the azimuthal angle
$=0°, 6=27° and py=2.5 GeY/c and in Figs. 3.11a and 3.11b for the same dand 6, but
PT=5GeY/c. Al ¢ = [° the toroidal fleld is vertikal and affects only the projection of aon
the horizonial plane (Figs. 3.10a and 3.11a). The disirbution of the projection of cona
vertical plane orthogonal o the chambers (Figs. 3.10b and 3.11b) ks affected only by the
mukiple scattering and by the central UA1 field. The effect of the magnetized ron canbe
deduced from a comparison between the two figures.

in Figs. 3.12and 3.13 the distrbutions of the distance d between the ht onthe UA1
existing LST plane and the intersection on this plane of the line defined by the vertex
andthe hkonthe first 1 chamber are givenfor py= 2.5 GeY/cand 5QeY/c,at &= 27°
and ¢ = 0°. A cuton this variable may be used at the second level trigger to select high
prbacks.
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The hit distrbutions on owr LST Irigger planes has been carefully analyzed. As an
example, the scalter plots of the radial distances from the beam line onthe LST1 and
LST3planes are given in Figs. 3.14a,b.c for muons wih pt = S GeYi, equally distrbuted
incharge, and at three different values of ¢ (0°, 80° and 270°, respectively).

The differences between these plots are due to the different alignment of the UA1
centrai fieid with respect to the toroidal field Inside the LAA spectrometers. orthogonal at
¢ = 0° and 180°, paraliel at ¢ = 90°, and antiparaliel at ¢ = 270°.
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4. DATA ACQUISITION AND ANALYSIS,

We plan to make the data-acquistion system as compatbie as possble wih the
pgaded UAT system. Therefore, & will be based on the YMBbus “distrbuted
inteliigence” for data acquisition, reduction and monitor.

Concerning the data analysis, it is clear that the evenls triggered by UA1 are a
scientific property of the UA1 group and for these evenls access to the LAA data will
have to be granted. These data, fully analyzed wkh the appropriate software programs
feaded to reconstruct the muon tracks, together with timing and ail other information will
be made available by the LAA group to the UA1 collaboration.

Conversely, the events triggered by LAA are a scientific property of the LAA grow
and for these events UA1 will make avallable all inormation including event
reconsiruction in the central detector and in the calorimeters (),

Combined briggers of UA1 and LAA will be a subject of collaboration and
discussion between the two groups.

(* 2 tentalive agreement on these points has been reached in a meeting between -
J. Dowell, R. Kiapisch, C. Rubbla and A. Zichichi, and will be submitied to the UA1
executive committee on March Su", 1986



5. RESULTS FROM THE 1 AA TEST RUN

S.1 Purpose of the test run

The basic motivations for our test run were twofoid.

- To prove that we are abile to trigger with high efficiency on muons produced iri
proton-antiproton interactions, inthe region near the beam pipe. This efficiency, which is
pT dependent, has been proved to follow expectations.

- To check our MonteCarke simuiation program, in order to extrapolate the frigger
rates measured inthe test run to the full set-up For this 10 be done, the agreement ve
reachred between predictions and measurements was essential.

5.2 Description of the test run set-up.

Two small spectrometers have been constructed and insfalied inthe foreard and
backyard UA1 regions.

Each spectrometer (Fig. 5.1) consists of three pieces of magnetized ron, each 1
cm thick for a total thickness of 153 cm. The cross-section of the magnet has a surface of
100 x 60 cm? with 2 verticat central window of 50 x 5 ¢m? to aliow the installation of the
coilz. The current inthe <oils i= 60104=turns and the fiekl is 1.7 Tesla. The field linez are
showr in Fig 5.2, The magnetic feld is vertical pointing to opposite directions in the b
halves of each spectrometer. Scintiliation courders are incerted to veto particies
crossing the magnet from one tongitudinal hakfto the other.

The longitudinal axes of the spectrometers are pointing to the interaction vertex at
7.5° with respect to the beam line Each spectrometer covers a pseudorapidily rangs
[d=2.7+0.2 and an azirmuthal angie range J=0°+10°.

The two spectrometers are instrumented with scintillation counters for frigger
purposes and with drift chambers for momentum reconstruction. A schematic top view of
the specrometers is shown in Fig. 5.3. T1 to T4 are 28 x 58 em? scirtiflation counters
defining the homogeneous region of the magnetic field all akong the spectrometer. Eact
of the counters is viewed al both ends by two photomutinliers for 2 good time resolution
{240 psec), as shown in Fig S54. Moreorer the signal time difference of the bra
photomultipliers gives a rough estimate of the vertical position of a rack wih a resoiution
of alwot 5 ¢y

F1 and F2 are two planes of nngercounteff cach4 om wide and 50.cem ong; 14
counters are mounted in each piane and are placed in such a way as to be aligned
along the lines pointing to the interaction vertex.

D1 to D4 are 60 x 60 em? drift chamber'- Sediore of these drift chambe-rs are
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shown in Figs. 5.5a and 5.50. Two fayers of honeycomb make up a sef-supporting
structure wih the help of fber glass side members and lids. The gap between the two
honeycormb sheels is divided into 8 cells of 3.5 cm, using Al partiions. Three staggered
wires per cell have been used. The signal is ampified and discriminated directlyon the
chambers using Lecroy amplifiers (HIL 401). The chambers are filled with argon/ethane
(60/40%). The general performance of the chambers has been adequate for the test we
have virtually reached the desired spatiai resolution (w300 pm).

2.3 Expected rates from n.X decay

Our specirometers are instatled ina region with high activity due to the halo of the
beams and to the backscaltering of particles from alf the materials around. To know the
expected flux of decay p's coming from primary interactions in our spectrometers, we
have performed a MonteCarb cakculation using the UAt fX {1) to the invartant
cross-section and the dng,/dn pseudorapidity distrbution measured by UAS.

in our cakeulations we have used a decay length of 290 cmand a7 :kratio of 2 : 1
for pions and kaons. A momentum cut, due to range, of 5 GeY/¢ is applied to the
produced p's. The hardware rigger geomelrical requirements are simulated in the

MonteCaro. The efficiency for the UA1 minimum bias trigger was also baken into

account A rate of » (0.15 £ 0.01) Hz for L = 21028 em Zsect on each side of our
detector has been obltained when the magnet is off.

5.4 Measured rates

Atrigger defined o select particles crossing all the ron and in time with the beam
crossing, obtzined by the coincidence of all consecutive T counters (see Fig. 5.3) plus
the Collider synchronization signal, gives the following rates at L = 21029 em-Zsec-
and without magnetic fiekd -

outgoing ant-p side = {0.11 2 0.01) Hz
oubgoing p side = (0.30 £ 0.02) Hz

The halo accompanying the proton beam is eliminated by timing In the outgoing
anti-proton side spectrometer. This halo then raverses UA1 reaching the specirorneter in
the ouigoing proton side in time with particles produced in the interaction.

Adding to our trigger the UA1 minimum bias signa! (which accepts 85% of the total
cross-section) strongly reduces the contrbution of this halo on the outgoing proton side,
leaving unchanged the rate on the outgoing antiproton side. The rates In these
condiions are: | -



ougoingantip side = (0112 001} Hz
outgoing p side = (0162001} Hz

to be compared with the expected rate, obtained wih the Monte Carlo. of {0.15 2 0.07) Hz
{see§5.3).

In Fig. 5.6 the observed rates on the finger counters before and afer the
specrometer on the ouwtgoing proton side are reported with and without UAT minmum
bias signal coincidence. To understand this figure & has 1o be recalled that each
spectrometer is subdivided in two longitudinal helves, the finger counters being
numbered from 110 7 in the first hak of the specirometer (starting from the nearest to the
beamn line} and from Bto 14 in the second ha¥. In the rate disfribution on finger countsr:
measured without the coincidence of UAT mintmium bias sigraia contrboution of racks
misaligned with respect to the spectrometer axis and paraliel to the beam is clearly
viskole. From this figure, on can extrapolate that the halo accompanying the proton bearrn
and raversing UA1 has arate of 1. 8+2 ‘m at about 1.5 m from the beam.

The residual haio contribution o the trigger. after requiring the coincidence of the
UAT minimum bias signal, can be removed by rejecting particles paraliel to the beam.

The final trigger rate can easily be controlled by choosing an appropriate pr <ut

Thiz has been achieved making use in the rigger of the finger counters, rejecting tovs

rmomentum highly deflected particies.
The following configurations of finger counters have been used to this purpose

i) Four fingers inthe front plane in coincidence with the correspondind ones in
the back plane. Two coircidences are defined for each haff of each
spectrometer with an overiap of the centralfinger

i) One finger in the front plane in coincidence with three fingers inthe back plane.

ity One finger in the front plane in coincidence with the corresponding one inthe
back plane.

Rates have been rneas&ed for the following triggers .

(a) T cournters {B=0)

(t) (a) * UA1 minimum bias {B=10)

(©) (b)~ Fingers(i) (B=0)

©) (b}« Fingers() C (B=127)
(€} (b) « Fingers(ii) - (B=17T)
(f) (b)» Fingers{iii) ®=177)
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Resufts are given in Table S1for L = 21029 eni? sec’? and compared with
estimates from the Monte Cario calculatian in which some of the above trigger selecticns
have been simulated.

The calzutated magnetic deflection for B=1.7 Tis shown in Fig. 5.7 as a functizn
of py . The spread inthe defiection due to mutiple scattering and to vertex uncertainty is
also showTi ac curves at constant number of standard deviations (7).

The trigger efficiency at various py can be oblained from this graph for a given
Tigger configuration. Resuts for corfiguration (d) are shown in Fig. 5.2,

5.5 Off fine analysis

Data. have been collected making use of previously defined trigger (d) in order to
have areasorable rate. A surnmary of the data-taking i giren in Table 5.1t

The distribution of the quantity AT=(T1+T3)/2-T2, where T1, T2, and T2 are the
bme signals from the three staggered wires of a drift chamber cell, is shovm in Fig 58
The two peaks corespond to left-right ambigutty resolution Each peal: has a ~-value of
about 8.5 nsec, which corresponds te 425 um in space . This gives the expected inTingic
wire resolution of 345 um. :

On the other hand, due to the short instaliation time made available for us it was
no: possible to put much care on chambers alignment, so that a setting emor of the order
of a rillimeter has to be considered.

Figure 518 shows the reconstructed momentum spectrum, after the energy kes
corection was applied. The ratic between the experimentz! and the Monte Caris
smulated pr distributions, s compared in Fig. 5.11, with the expeacted efficiency for
trigaer corfiguration (d).

2.6 LAA in the UA1 trigger logic (test run data).

On the basic of the satisfactory resuks o rate measurement and backaround
rejection, & was agreed to insert our trigger inthe UA1 trigger bogic, in order to procead
further and to study the complete events, as seenby UA1.

An integrated luminostty of 10 i1 tas been collected to this purpose. A sampls
of everfs, reconstructed both in UA1 and in the LAA test spectrometer, has bes:
selacted to be scanned by eye using the event displey facilly of UA1 MEGATEK. Thic
was done with a twofold purpose: _

*{o check the genuinity of the tracks friggered by the LAA test, ie. thelr producticn

by true proton-antproton inferactions;
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* 1o check the consistency of the momenta measwred by UAT and the LAA tect
set-ug.

The scanning consicted in a search for racks having momenta above = 5 Gev-/¢
and whose extrapofation from UA1 central defector was pointing o the LAA test setur
By examining 118 events, we found.

- 1 doubsle interaction event;

- 3 events with a strong urbalance of fracks between incoming p and anti-p
hemispheres {probably due to beam gas interactions),

- 1 almost empty evert (conaining < 10 reconstiucted racksy,

- 2 events where the LAA tigger track was clearly dentified as a halo frac
accompanying the pbeam.

All other events { = 94%2) were indeed protorrantiproton interactions. Figure 512
shows a typical UAT evert contzining the identified LAA rigger track.

In order to check the momentun measuremert of LAA with UAT we have faken 54
evernts where a rack was unambiguously pointing into the LAA set-up.

The momentum reconstructed in LAA was comrected for energy osses occumed in
the

- UAT eleclromagnetic and hadronic calorimeters (in the forward region);

- UA1 hadronic calorimeter (CALCOM) (in the yery forvard region);

- LAA ronmagnet,
and then compared with the momentum measured by UAT.

Figure 5.13 shows the A(1/p)/(1/p) distribution, i€ the distrib ution of the quantity
(Vpuatrt/praa)(17pyat). The eror on pyaq reconstruction (=3%) can be
neglected.  After energy foss comections, the average momentum of the 54 fracks in
XAM WS <Py pa > = <Pyaq > » 13GeY/C. Therms. vaiue of this distrbution is 337

Such a value s essentially due to the large uncertainties in the energy loss
comrections (where the braversed thicknesses of calorimeters were delermined by eve}
and in the drift chambers alignment, and to the approximation of our fast reconstruction
program. Within these errors, the momentum measured in the rough LAA test set-up car
be considered in excelient agreement with the values measured by UAT.
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6. FINANCIAL ESTIMATES.

All unk costs have been estimated from existing simitar detectors and onthe bacic
of our own experience. The estimates are summarized in the table below.

Detector fems Unk price (kSF) Quartiy Price (kSF)
Toroids  Fe 20/ 1376 2752
Coils + Construction 2.1 7t 1376t 2840
S642
tron Fe 1.0 31t 31
shielding Construction 101 3t 3
B2
Scintifiation PM 3.3 /P{%) 582 PMs 1954
counters Scintilfator _ 015 kg 7193kq 1079
3333
Limted HY. 017 (%) m? 3503m2 £1
Streamer Eleclronics
andcables 45 7 sector 144 sectors 136E
Tubes
Trigger _ __
malrices 10.0 / mabrix 96 matrices gta
Strips 0.00864 / sirp 24668 strips 158
Tubes and supports 0.17 /plan 12 planes 204
2751

218
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Detector Rems unitprice (kSF) Quantty  Price (kSF)
HY. G.014 / cell 2868 cells 42
chambers Electonics 0.14 / wire 14840 wires 2078
Charrbers 58/ me 157m? 911
Swports 10.0 / plane 12planes 120
Cables () 0015 / wire 14840 wires 223
3314
MARK J chambers Transport + sypports ~ 100
UA1 chambers Supports S0
150
3524

%13 3kSE 7 PMincludes | PM + HY. + cable + crate «{ADC + TDC on 10% of the

P+ scalers + disariminator + irput register + work.

*%) [ halogen free cables are necessary for safety reasons the cable price must

be increased to 150 kSF.

175

219



176

2.20

Summary of costs:

ToroKls

kon

Scintillation counters
Limied streamer tubes
Drift chambers
installation (rough
estimate)

Total
+ unpredicted 10%

Totzl

5642

62
3033
2751
KR

>00

15512
150

17083
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7. CONCLUSIONS.

We need an urgent SPSC approval and a full support in order to Immediately stzrt
the executive design and construction of the LAA set-up, thus to be ready by September
1367, which is the expected date for ACOL to operate.

2.21
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Table 2.1. Toroids.

Magnetized ron:
sectors infernalradius externalradius length weight Bmmmum
= o] '?

TO 16 2009 S000 600 1.82
T1 16 357 3700 600 196 1.63
T2 16 379 2501 S0 M4 188
13 16 319 2500 400 %9 1.68
14 8 3¢ 1624 500 28 1.73
T3 8 378 1624 560 28 1.73
Bmaximum is abways 20T

Total weight = 1376t

Norn-magnetized rorn:

I ‘sectors internatradius externalradius kength wei?ht
¢

frmm) ULLL I L
FO | 8 1634 2600 100 9.1
F1

8 375 1732 100 64

223
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Table 2.l1. Scintifiation counters.

seclors internalradius externalradius suface PMs per Plvis

[rren) o] fm¢ sector total

St 16 357 5600 64.3 6 a6
Y 16 357 3700 416 3 48
S3 8 378 2560 173 5 40
S4 g 379 2500 173 S 40
S5 8 374 1624 70 2 16
S6 8 378 1624 7.0 2 16
S7 8 1634 2600 116 3 24
S8 8 379 1732 8.1 2 16

Each scintitfator is 2 em thick and kess than 2m in kength.

Total surface (both sides) = 348.5m?
Total weight of scintillator = 7200 Kg
Totz! number of P = 592

2.24



Table 2.)li. Limied Streamer Tubes.

D

Lh
t

seclors internalradius externalradius surface r-stips
[men] e e per Sector s e fren
LSTi 16 1550 5000 69.1 256 13.2
LST24 8 378 2000 1089 128 11.7
LST2B 16 3050 5000 481 128 149
LST3 16 2000 3700 29.7 128 130
L5374 B 1000 2500 149 128 108
LSTS g 314 1624 71 128 RE

Tota! area (both sides) = 359.6 m?

Tota! number of strips (both sides) = 24688

181

2,25



182

Tablke 2.1V. Drift chambers.

chambers external sizes shape cells/chamber wres/cell
{mm] X ¥
DC1-3 24 1848x1848 special(®) 26 26 5
DC4-7 16 2540x4060 rectangular Mark-J XX-YY planes
DC8-12] 40 1240x1840 reclangular 26 17 5

(¥ysee Fig. 2.5

2.26
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Table 3.1. Trigger rates for different trigger configurations.

efficiency=85% at | particle sign | Trigger rate (both sides) [H2]
kive 6.4
p1=5GeY/¢ pos 1141
negative 4.7
tive 4.2
p1=7GeY/¢c pes 74
negative 32
tive 24
pr=10GeY/c pes 51
negative 22

2.27
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Table 5.1 Trigger rates (Hz)

Trigger | M.C. estimates / side Quigoing anti-p side Outgoing p side Total
(@) — 611 0.30 041
{b} 815 0.11 016 0.27
{<) -—-- £.065 0.085 0.15
(d) 0.0083 0015 0.020 0.035
(¢} 00042 £.0065 0.0075 D.014
() — 00018 0.0023 0.0041




Table 5.1. Test run data taking

Date Date Lumin?sit,- Magnet n. of rigaers
(start; (stop) (bl curent (A)
+20 133x104
LAA 291019¢5 21121985 223 -20 108109
0 245y 104
L As Uk 12121985  13.12.1965 10 +20 1751

185
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Figure captions
Fig. 1.1 : (2) Bxpected number of produced ;* (black circles)and - (open circles)

Fig1.2:
Fig. 1.3
Fig 2.1

Fig.2.2:
Fiy. 2.3:

Fig 24
Fig. 2.5
Fig. 26
Fig. 31

Fig.3.2:
Fig.3.3:
Fig. 34 -
Fig. 35

Fig 3.6

as a function of py and for an inkegrated luminosity of 10 pb- 1, with the
cornditions setas in Ref. 1 and for my = 25 GeV/cZ and mgp = 55 Ge/c2. 4
smearing in p due to the estimated momentum resolution Apt / py = 20%
Is considered. The estimated background for each charge sign is indicated
by the full line. The efrors are purely statigtic.
(b) The expected asymmetry AX as a function of pr.
Same as Fig. 1.1 for a top mass my = 25 GeV /¢ and no superbeauty.
Same as Fig. 1.2 for a top mass my = 35 GeY/c2 and no superbeawy
(a) Top view of the proposed apparatus (one side).

TO, .., TS magnetized ron with torokdal fiekd:

S1,.., S8 scintillation counters;

DC1, .., DC12: orift chambers;

LST1, ., LSTS: Limited Streamer tubes.

The existing (and future) UA1 detectors relevant for the forward regior are
indicated in white.
(b) Side view of the proposed apparatus (one side).
Magrneti field map of one quarter of T2 - T3 toroids.
ronthickness versus 8 and 1 in the proposed apparatus and in the present
(1986} UA1 configuration at ¢=0° (machine plane)
Dispostion of the scintitlation courters in a sector for the different planes.
Chamber geometry (DC1 - DC3).
Chamber geometry (DC8 - DC12).
Principie design of the trigger. The trigger definkion region can be set in
order to accept muon momerta greater than a minmum p for both charge
signe. _
LSTradial(r-) and azmuthal (¢-) strips configuration (artist's view).
Orerall scheme of the trigger logk.
Trigger logic for scintillation counters.
(@) LST r-strips processor.
(b) Sparse RAMs defining the minimum pt accepted by the LST r-strips
Processor. |
LST &-strips processor. The coincikdence between LST1 and LSTn
(n=2,3.4,5) is hardwired, projecting one strip of the first plane into two strips
on the others.



Fig.3.7:

Fig. 3.8

Fig.3.9:

Fig 340"

Fig.3.11:
Fig.312:

Fig. 313"

Fig. 314

Fig 5.1
Fig.52
Fig. 5.3 -

Fig.54

_3]_

() Trigger defintion regions on planes LSTn(n=2,3,4,5) versus the radial
coordinate on LSTT, for a trigger configuration givingan efficiency of 95%
atpy=>5GeY/cand in the machine plane (¢$=0°).
(b) Same as (a) for a trigger configuration giving an efficiency of 5% at PT
=10GeY/c.
Efficiency curves as a function of pr, for three different trigger configurations
giving anefficiency of 35% atpy =5, 7, and 10 Ge'/c. The curves refer to
sye particles at 9=8°.
(2) Apparatus limits for tacks wih pr = § GeY/c, in the trigger
configuration giving an efficiency of 5% atpt=5GeY/c.
(b} Same as (a)forpy=10GeY/c.
(2) Distibution of the angle o’ (defined in the text), for muons generated
with ¢=0°, 6=27° and p1= 2.5 GeY/c.
(b} Distbution of the angle o (defined in the text), for muons generated
with ¢=0°, 8=27 and p7=2.5GeVY /<.
(@) Same as Fig. 3.10a butfor py = 5 GeY/¢.
(b) Same as Fig. 3100 butfor py =5 GeY/c.
Distrzution of the distance d (as defined in the text) for muons generated
with ¢=0°, 6=27" andp7=2.5GeY/c.
Same as Fig. 312butwthpr=5Gev/c.
(@)Scaltter plot of o4 and rip, (as defined in the text) for posttive and
negalive muons generated with 16°< 6< 23, ¢ = 0 and py=5GeVic
{D)Scatter plot of ro ¢ and rip, for postive and negative muons generated
with 16°s 8¢ 30°, ¢ = 80° and py = 5 Gevic
(C)Scatter plt of fyx and 1jp, for positive and negative muons gernerated
with 16°< ©<30°, ¢ = 270° and py= 5 GeYic
Yiew of one of the two LAA test specirometers.
Magnetic field lines inthe cross-section of one of the LAA test magnets.
Top view of the LAA lest spectrometer installed on the outgoing proton side:
D = drift chamber,
M = ron magnel;
F = finger counter;
T =TOF courter.

Time-of-flight distibution relative to a par of T counters. The quanty on the

horizontal scale is:
A=ty-ty, whereti=tY +t0)/2 fori=1,2

(U and D stand for up and down phototubes, respectively}. The At standard

deviation is 0 = 340 psec, which coresponds to an inrinsic time resolution
of 240 psec.
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Fig.5.5 :

Fig 56

Fig. 5.7
Fig.5.8 .

Fig.5.9 :

Fig. 510 :
Fig. 5.11 ¢

Fig.5.12 :

Fig.5.13

- 32_

(a) Cross-section of the chamber showing the fayers of honeycomb and the
Yray the cells are oblained inside with Al parttions. The wires are held by
injected plastic supports visble between two partitions.
{b) Detail of the chamber end, showing wire support, wires, lid and cabies
bringing the signals outto the electronics.
Finger counter rates observed wikh (light histogram) and without (dark
histogram) the UA1 minimurn bias signal in coincidence.
Expected magnetic deflection inthe LAA test apparatus as a function of pt.
Expected trigger efficiency, derived from Fig. 5.7, as a function of pr. Side 1
is cioser to the beam line.
Drift tme distribution in one cell. The quantky on the horzontal scak is:

a‘l\T‘- (T1 + T2)/2' T3,
where Ty, T and T4 are the time signals from the 3 staggered wires. The
two peaks correspond to the left and to the right sides of the cell. The AT
standard deviation, evaluated for each peak, is « 8.5 nsec, ie. 425 umin
space, which corresponds to an intrinsic space resolution of 345 um.
Reconstructed momentum distrbution. The horizonta! py scale (for 6 = 7.5°
onthe average) is alkso shown.
Ratio of experimental and Monte Cark simulated pr distrbutions (black
points). The curves of Fig. 5.8 are also shown for comparison.
Showing a typical UAt event with:
{a) alireconsiructed tracks;
(b) tracks withp > 4 GeY /¢;
{¢) only the identfied LA rigger track.
Comparison of UA1 and LAA reconstructed momenta in terms of;

K1/p)/ (1/p)=(1/Puat - 1/pLaa) / (1/Pyaq).

The rm.s. of the distribution is 33%.
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[11-3. LAA Proposal: Memorandum to the Chairman
of the SPSC, September 4, 1984.



:3}- MEMORANDUM

To : L. Fea' - Chairman of the SPSC

From : A. Zichichi =~ BCFL Collaboration

233

September 4, 1984

Subject : LAA proposal (CERN/SPSC/84-33, SPSC/P200)

Budde - Secretary of the SPSC

Bloch

Bourgquin

.L. Braccini

Donnachie
Drees
Dydak
Giromini
Hoogland
Iliopoulos
Jacquet
Klanner
Mannelli
Myatt

de Raad

Staude

. Veneziano
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1.1

1. ANSWER TO REFEREES' QUESTIONS

The Asymmetry with different starting hypotheses.

Follewing Mr. Donnachie requests, we have recomputed the lepton asymmetry

star

fiav

ting from different hypotheses for the production and decay of heavy

ours.

Figures 1.1, 1.2 and 1.3 show the lepton asymmetry

(NG 5T« NN, (6]
ASXP _

(NG ]+ NNy i)

+ -
(where N{u' ) and N(pn ) are the number of pesitive and negative muons produced by

+
heavy flavours, and Nbg(u_) is the number of background muons) for top (mt=25

GeV/cz) and superbeauty (m =55 GeV/c2 production, for top (m, =25 GeV/cz)
¥ sh t

production, and for top (mt=35 GeV/cz) production using the medel outlined in

the

la)

1b).

ic)

14)
le)

for

propesal which main characteristics are summarized below:
production distributions: do/dx=const. for baryons, E(do/dx)~(1-x}3 for
mesons; . -
semileptonic decay: 3-body phase-space for baryons, K13 for mesons;
cross-sections: ot=0.1 ub (mt=25 GeV/cZ), 0t=0.05 1b (mt=35 GeV/cz),
0 p=0-01 Wb (m_, =55 Gev/c?);
decay branching ratios: BR=0.1 for ail flavours;
ratio between the baryon production cross-section and the total

cross-section: (Leading/Total)=0.25.

In order to take into account the effects which can produce a lower wvalue

the asymmetry and a worse correlation between the asymmetry peaks and the

mass of the heavy flavours, Mr. Donnachie asked us to recompute the asymmetry

changing the following hypotheses:

2a)

3.2

production distributions: do/dx~(1-x) for baryons;



2b) semileptonic decay: mixture (50%,50%) of 3-body {(as above) and 4-body
phase-space for both mesons and baryons;
ZJe} ratio between baryon production cross-section and total cross-section:

(Leading/Total)=0.1.

These hypotheses have been intreoduced one by one in the asymmetry shown in
Fig. 1.1 (top and superbeauty production).

Figure 1.4 shows the effect of changing the baryon production distributidn.
The asymmetry at the top peak keeps unchanged because the decrease expected by
the softer baryon distribution is compensated by an increase in the acceptance
at low angles. The asymmetry at the superbeauty peak decreases due to the loss
at high angles and to the softer baryon distribution (see, for reference , Fig.
9 of the proposal).

Figure 1.5 shows the effect of further assuming all semileptonic decays to
be 4-body. The main effect is to lower the mean P of the u's in the heavy
flavour decays. Nevertheless, the tails at high Pep values give rise to peaks in
the asymmetry distribution whose positions are not very different from the ones
obtained with the 3-body decay hypothesis. Most of the effect of assuming
4-body semi-leptonic decays for all particles is, therefore, to decrease the
signal/background ratio, i.e. to decrease the u cross-section at a fixed P-

Figure 1.6 shows the effect of mixing 3- and 4-body decays. The asymmetry is
still very well measurable, and the correlation between peak positions and heavy
flavour masses is practically unchanged.

Figure 1.7 shows the effect of lowering the (Leading/Total) ratio to 0.1.
The asymmetry at the peak values decreases by about a facter 2.

The overall effect of changing the starting hypotheses from (1) to (2) on
top production at mt=25 GeV/c2 and mt=35 GeV/c2 is shown in Figures 1.8 and 1.9.

Figures 1.10 to 1.13 shows the statistical significance of the asymmetry
measurement (AeXp/AAexP) as function of the total cross-section and the ratio
(Leading/Total). The asteriscs indicate the statistical significance at the

various peaks once a P integration in the limits specified is performed:
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A

top and superbeauty preduction:

top peak = 9-12, AXP pp®%P g

-pT

superbeauty peak =18-25, ABXP/AAEXP~1_5

Pt
top (mt=25 GeV/cz} production:

top peak =11-14, A®*P/ap®* Py 3

Pr
top (mt=35 GeV/czj production:

top peak : p=16-20, A®¥Papa®*Pas g
Pr ,

Two comments are in order.

By comparing Figs. 1.7, 1.8 and 1.9, it can be seen that the higher asymmetry
peak value is associated to u's coming from a 35 GeU/’c2 top. These u's are in
fact produced in a relatively background free pp range (pT>12 GeV/c). A
reduction in the background alsc below this P value, achieved by requiring the
presence of one or more jets and/or of a missing energy in the UAZ central
detector, could improve very much the measurcment of the lepton asymmetry in all
the cases that have been presented here.

Eggn if the ratio (Leading/Total) is so swall that no asymmetry can be measured,
or the top and superbeauty masses are such as to produce & net zero asymmetry,
the quantity of u's produced by heavy flavours is big enough to allow a very
detailed study of their production at Collider energies. Figures 1.14a and b
show the sum of positive and negative u's (a) and the signal/background ratio,
in the case of top and superbeauty preduction with the most pessimistic

hypotheses, as function of Pr- Figures 1.15a and b show the same quantities in

~the case of top (mt=35 GeV/cZ) production.

‘We emphasize here the relevance of a powerful muon detector which allows the

study of all phgsics where a lepton is produced.



1.2 Drell-Yan cross-section.

The Drell-Yan cross-section for producing a dilepton pair (e.g.u'u’) is

given in the "naive"” model by:
do/dmidx = (bma®/34%) x F(1,%)
where
F(1,x) = [x1x2/ (0344137 2] x glx1,x2)

with 1=m®/s, x=x;+x; (mSe“e” invariant mass} and g(x,,x,) is the quarks
(flavor-matched} structure functions product:

g(x, %)=L/ e F(qn(xa) Fal(x2)4Q (21)q2  (x2) ]

In order to calculate do/dm*dx we must know the gquark structure functions.
We have used two parametrizations, one by Pakvasa et al. (1973) (PPT), which was
also considered by Quigg (1977) and an average of the parametrizations of NA3
and CDHS (1979/80}.

Most of UDY cames from small T (small m) and, as we shall see, peaks at
small B and Pp-

In the "naive” wmodel no k. for the colliding quarks is assumed. When
compared with data do/dm® has been found to be too small by a factor of = 2 (K
faptor) and substanzial kt, dilepton transverse momentum, has been measured.

We have calculated do/didx for (1,x) bins (1000 X 100) and allowed the "¥"
to decay into W'Y pairs according to a transverse pol. (1+c0528*) dependence
which should dominate, (B*-polar angle in "¥" rest frame). We have then Lorentz
transformed each u back to the ¢. m. frame {(Lab.frame at collider) and bined the

results in Ap;= 1 GeV, A8=1° cells.
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b 3 ~

Imposing a cut of 5% 8 < 30° we obtain the do/dp, curves for the muons
shown in Fig. 1.16.

The "% with cuts 5°<0<30° 5<p <25 GeV are:

cDY
cutrs

(NA3/CDHS) = 19.6 pb

(PPT) = 21.7 pb

DY
cuts

In Fig. 1.17 we have added a hatched area which represents the effect of a
K=2.2 (average of lower energy data) and applied it to the average of the PPT +
NAZ/CDHES. An error of 33% has been assumed (10% for K, 30% for structure
functions, 10% for negiet of kt).

Assuming K=2.2, we find for each hemisphere:

Dy _
= +
cuts (PP » 1 + X) = 45 + 15 ppb

With an integrated luminesity of 10 p]:)-1 this corresponds to about 450 muons per
hemisphere with cuts.
In conclusion the contribution of muons coming from the Drell-Yan mechanism

can be completely neglected in our background estimates,

1.3 The asymmetry in the background.
- Up to now a measurament of positive to negative hadron ratios at the
Coilider does not exist.

To solve this problem we have asked to the UAl Group all the available
information. The UA1l Group has kindly given his collaboration in order to
measure the h*/h” ratio, starting from their "minimum bias" data, as weasured in
the UALl central detector.

The analysis is in progress and there is no doubt that in the experiment we
will be able to subtract any contribution to the asymmetry coming from the

background on firm experimental basis.
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2. THE APPARATUS

Following our proposal, we present here the mzin results obtained by a
detailed investigation of the basic paramcters and features of the proposed
set-up.

These studies have been done in collaboration with the following specialists
in the varicus fields of interest:

G. Petrucci (EP), who has given us all the figures for the magnets;

G. Muratori(EP), who has kindly agreed to discuss the project and has suggested,
in particular, the method of mounting the wires;

W. Albrecht, who has promptly placed at our disposal the services of

D. Geiss, whose hard work and enthusiasm have rendered the compietion of this
design in such a short time, possible;

H. Mauch of Stasalit AG, whose advice and hospitality is gratefully
‘acknowledged;

H. Rigoni and K Ley, who gave us their advices on the gas distribution;

G. “Dubail (8PS}, who did the drawing of the léyout;

M. Genet (SP5), with whom we discussed many details, in particular on the vacuum
chamber;

B. T'Hart and S. Bastin, who helped us on the safety aspects of the chambers.

The goal was to reduce as much as possible the cost of the apparatus with
the minimum loss in the basic features of the proposed measurement:

i) the rejection power against background;

{1) the high efficiency for u detection;
iii) the momentum analysis.
The results are presented in the enclosed technical drawings, briefly

illustrated in the text.

3.7
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2.1 Wire chambers.

Wwe will give here a working design of the chambers, taking into account the
known boundary conditions. These are: )

1. large dimensions. It is impossible to build an 8x8 m2 chamber. Evidently we
will have to have various smaller chamber to cover the surface of the magnet
oy absorber, trying to keep the dead space at a minimum.

2. Good spatial resolution. This implies, amoung other things, stability of the
mechanical construction. Nothing should move, sag or change shape.

3. The chambers must be thin: space in the intersection is at a premium. Since
the proposed drift cell (see proposal) is 4-cm thick we should strive to
make the c¢ell thickness not much bigger than 10 cm. this point makes us
exclude the possibilty of using tubes a la UAL.

Point 2 (rigidity) immediately brings to mind the excellent results obtained
with the hexcell used in the R&422 calorimeter. If we use sheets of héxcell we
will also build light chambers: so much the better for the handling, supports,
etc. ...

Starting with two 3-cm thick honeycomb sheets parallel to each other, we
have immagined an I-shaped structure, whese vertical members are Al plates (Z-mm
thick). In fact the obvious thing to do is to create the drift cell partition
with these Al plates. The structure is now doubly sclid: because of the use of
hexcell and because of these vertical plates, at the same time the drift cell is
defined and the electrical drift field is more uniform than it could be obtained
with wires. On the negative side of course we will have a 3% dead space. To
complete the chambers, we will put two external longitudinal members also in Al
(insulated from the last cell-defining plate which is at high voltage). Purpose
of these side member is to solidly close the chambers and provide anchorage
points. We think that a groove running the whole length of the side can be used

to locate and fasten the chambers to one another or to a perimetral supporting

frame.



The outer surface of the hexcell will have to be clad in sheets of 4l, to
form a complete Faraday cage to prevent pick-up noise and atmosferic humidity
from entering the chamber. Should this ground plane distort the electric field
inside the cell we can redress the E-field lines with equipotentials created by
printed lines on Kapton foil glued on the bottom and top of the cell.

Toe complete the chamber we will need: twe lids, holding the electrical
connections and the amplifiers, plastic pillars to hold the wires in the middle
of the cells, gas connections. All the ancillary components must be place
inside the top of the chamber, since we need all the sides of the chambers free
of encumbrances, to place them side by side (to form a plane of wire x or y) and

back to back ( to have both x and v coordinates).

2.2 Construction.

Let's now look at the enclosed drawing (no. 1). Two parallel plates of
hexcell have a first skin of .3 mm thick plastic material. On the inner side a
5-mm thick layer of epoxy is layed on the plate and grooves are machined in it
to lodge the vertical Al plates (glued in position). On the ocuter side a 2-mm
thick metal sheet extends to make electrical contact with the external
longitudinal members also glued in position. The chamber box is now completed.

We now have to insert the wire plane. The method is the following {See
second drawing). Two injected plastic pillars will be fastened to a long Al bar
using two screws. The wire holding pins are inserted in the holes, and the wires
threaded through. The bar is now inserted horizentally in the cell and turned
vertically. Next the two pillars are screwed on the front of the honeycomb
(appropriately finished with epoxy). The Al bar can now be freed and withdrawn.

- Some details are in order. The pins used are commercially available. They
are fabbricated by Minitubes in Gremoble. The wires once threaded through the

pin can be crimped. Crimping is the only way to go since stainless steel wires
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cannot be soldered. See Fig. 2.1 for details of the pins. The crimping tool is a
bit more problematic since it is not commercially available. It has, however
been built according to a CERN design at a cost of about 1500 SF. We foresee to
glue a swall printed board te the back of the vear pillar to connect all thae
field wires together and create a unique point of contact on the high voltage
bus bar (see below). he  two  (front and rear) 1lids are of a4 similar
construction, a flat plate of fiberglass, with a cavity on the imnside for the
electrical contacts. Construction will probably be made glueing a frame on a
plate to c¢recate the cavity, rather than by the more expensive method of
machining material out of a flat bar.

Inside the rear 1id {secc the drawing), twe SHV connectors bring the HV's to
the Al plates and to the field wires via twe separate bus bars running along the
upper and lower lips of the cavity. Flat springs ensure a good contact on the
plates and the field wires. Evidently with this type of construction, it will
suffice to screw the 1lid on to get 3ll HV's contacts made without having to
insert hundreds of little connectors. Furthermore, the pins, once the wire has
been crimped, can be clad in shrink tube to prevent discharges between sense and
field wires. The signals will be brought to the preamplifiers using wires and
small feed thrughs to the the printed beard holding the hybrid preamplifiers
(see later) and carrying the low voltage supply. The amplified signals will be
carried out of the chamber by flat cables exiting through sleots in the side
members of the chamber. TFor gas tightness we hope to rely on flat gaskets
rather than 0O-rings for reasons of cost (no grooves to machine). Mr. T'Hart,
responsable for the safety, deems that this may be adequate. The prototype will
be, therefore, built using a flat gasket.

To complete the chambers we only have f.o discuss the gas system. According
to both Rigoni and K. Ley, the only way to avoid an external manifold, which
would take too much space, is to feed the gas serially to the cells. A piece of
fiberglass will closs the cell on one side, forcing the gas to move through each
cell serially. The input and outputs will be connected on the sides where small

spaces are left between adjacent chambers fer cables gas, etc...
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2.3 The electronics.

We believe that the most inexpensive and reliable solotion will be to
purchase amplifier/comparators MVL100 from Lecroy. Their ECL output can be used
directly with a TDC. Preliminary tests of these devices have been done in
Bologna by our technicians (Mr. Velta and Ing. Montanari).

Finally we would like to add that some of us have been in contact with A.
Fucci of DD ( with the blessing of DD Leader Zanella) to arrive to a digital TDC
design. Although this design will have points in common with the Delphi one,
original features make it worth studying in detail. We will be reporting on
this point at a later time. It appears that the cost of such a TDC will be

arcund 50 SF/channel.

2.4 Number and Dimensions of chambers.

It would have been prefereable to have a unigque size for all the chambers.
This turns out to be impossible. However we don't think that this is & major
problem. In drawings 3/4 we have designed the cross sections of magnets and
absorber at the points where the chambers will be located, with the contours of
the chambers on them. We have then tried to keep the length at the maximum
value of 2.7 m value and played with the width to get the best overlap. We have

finally come up with the following figures:

NO. SIZE (mm*) VOL.{m?) CELLS
16 1080x1800X40  1.24 224
8 1440x1080X40 .5 152
8 1440X1440X40 .66 152
16 1440x2160%X40 2. 304
16 720x2808%40 1.3 144
8  1440x2880X80  2.68 - 304
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16 1540x2808X40 2.6 304

8 1440x2088X40 0.96 152
48 1440x2400X80 13.3 1824
144 25 3560

HV cables = 288;

Sense wires, Amplifiers, TDC's, signal cables = 10680.

it should be remembered that two sets of chambers at 90 degrees relative fto
each other are necessary to have 300 micron precision on beoth coordinates. To
have the disposition of the horizontal chambers, it will be enough to turn the
drawings by 90 degrees.

One last point. Each cell is 72 mm wide. Dividing the width of the chamber
(typically 1440 mm) by 72, we get the number of cells n that would fit. However
1 cell width is used for the side supports: we then have n-1 cells only. The

typical dead space generated is therefore 5%.

2.5 Conclusions on the chambers.

We believe we have a chamber design that, although improveable, is
realistic, sturdy and not tee expensive. In order te debug it, we now must
buiid a 'protbiype with life-size wire length. One or two cell width «ill
probably do. We must test it in a beam and make use of the lessons learned to
finalize the design. In paralle! we will have to study the points of
electronics mentioned above,

For the purpose of discussion we would like to reckon the overall width of
the chambers. Te thickness of each chamber is 11.5 cm. The total thickness of

DC1,DC2,DC3 is therefore 69 cm. DC4 is double therefore it would be 46 cm,



however we can save 12 cm by making two chambers with 6 wires instead of four
chambers with 3 sense wires. This way & layers of honeycomb are saved together
with 12 cm. In conclusion the total thickness assumed in the forthcoming
discussion, will be:103 cm.

One last point about the fabbrication of the chambers. The chambers can be
completely built industrially, with the exception of the the wire stretching.
This will be done by our BCFL technicians. The industrial feasibility of the
chambers has been garanteed by Mr. Mauch (Stesalit AG). We are alsc in contact
with another company (Aviometal, Varese, Italy) to whom we have sent our
drawings for cost and feasibility estimates. With the machanics and
electronics built industrially, the task of our technicians will be reduced to

an acceptable size.

2.6 Chamber support.

. The chamber supports are in fact, the Al members on the sides of the
structure. The shape and size of these members is only indicative. We will use
any Al extruded profile that will do the job. Notice that the size of the
profile is such that 2 cm of space will be left for the passage of wires and gas
lines as indicated before. We plan very simply, to join the chambers with long
metal bars running through the grooves on the sides of the chambers. Threaded
rods, driven in the Al members will fasten the chambers to the bars and
therefore to each other. The bars will then be bolted to an outer squére, sturdy
frame. The two frames holding vertical and horizontal chambers will be bolted

to each other, in particular at the peoints where horizontal and vertical bars

overlap (see drawing 5).
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3.14

2.7 Space and general layout.

As alrecady pointed out, we are hard pressed for space, especially along the
beam axis.

The cverall length available is 7.4 m. UAZ has requested 30 ¢m more for its
calorimeter. In addition it requests to be able to slide the calerimeter by 40
cm back, to service its preshower chachrs. In conclusion with the calorimeter
all the way back, our apparatus will start at 4.1 m from the intersection
center. This leaves us 3.3 m of space available The chambers will take, as
calculated before, 1.03 m, the Fe absorber .6 m, the magnet 1.5 m (disregarding
the width of the coils estimated at 1 or ? cm). In total 3.13 m, leaving 17 cm
for the planes of Limited Streamer Tubes (LST). We propose therefore, to
eliminate three of the inner planes, leaving only the two outer ones and an
inner one, used for the trigger. Since each plane of tubes is 2 cm thick,
including the strip, we will fit in. The disposition of chambers, LST, magnet
and absorber with the UA2 calorimeter back is shown in drawing 6.

The magnet iron is laminated in slabs of weigth less than 80 tons. Each
slab is thenm cut into two halves {less than 40 tons). Three special slabs will
be thinner (about twoc cm) and precision machined to be used as support of the
Strips. Briefly the operation of assembling the magnet chamber system will
consist of the the following phases:

1. Assembling the strips on the special slabs of Fe.

2. Assembling the lower half slabs on their support leaving the gaps for the
_LST.

3. Sliding the magnet coils in.

4. Assembling the upper half slabs.

3. Sliding the tubes in, perhaps vertically.

6. Assembling the drift chambers on the faces of the magnet.

In the vertical position the tubes can be supported by small squares as in

the R422 calorimeters.
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One more remark. With the UA2 calorimeter all the way back, the iron of the
absorber will protrude about 13 cm out of the platform {(without the present
wings that must be eliminated or will interfere with the magnet). We deem
necessary to add two winglets to the platform for obvious safety reasons. Of
course the winglets will be bolted to the existing flanges.

Finally, we should point cut one problem with the vacuum chamber. Since the
vacuum chamber will have to be opened to move the UAZ platform out of the
intersection region, heavy valves are need at the breaking point. They must be
supported. The supports will have to be fastened to the inner hole of the
magnet. Howcvever a temporary support will be needed when UAZ must move. We
cannot accept a permanent suppert at the edge of the platform, otherwise this
will be in our way if the calorimeter~ absorber complex moves back. Mr Genet is

loocking for the best solution to this problem.

2.8 Magnets supports.

Magnets' supports including air cushions, and mechanical paraphernalia
associated with their movements in and out of the intersection region, are under
the direct supervision of the SPS Division. Their design will be started by the
appropriate bureau as soon as the experiment will be approved. For the time
being, Mr Dubail and collaborators have made & provisicnal study of feasibility,
drawing our apparatus inside the intersection region Hall and the "Garage"
(drawing 7). No major problem has arisen, but some change in the "passarelle”
will be needed. The air system used for UA2 is not sufficient te lift our
magnets and will have to be beefed up. A tenta£ive budget has been given by Mr.
Dubail {(Fig. 2.2). It refers only to the support system for the magnets. It is
very likely that, with the weight of the new calorimeters and our iron absorber,
changes to the charriots and/or to the present platform will be needed. These
extra expenses are not taken into account, However it reasonable to expect that

a fraction of these expenses will be supported by UAZ.
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3.16

2.5 General Conclusion.

If approved, We would like to proceed as follow. Continue the design of the
magnet and its parts under the direction of G. Petrucci and the help of Mr,
Geiss (if Mr. Albrecht agrees). This phase will probably take two months. In
parallel the 8PS division could design the supports of the magnets and
charriots.

At the same time we would like to build a prototype of the chamber and
related electreonics, to finalize the design even in contact with our eveniual
industrial partners, whose expertise should help. Test beams will tell us if
our design is sensible.

A different configuration of chambers, capable of measuring only the polar
coordinate of the particle has been recently suggested. We are studyving with a
MonteCarlo that it is indeed possible to measure the particle momentum this way.
If so, we would be able to reduce the number of planes of the chambers by a
factor of twoc with a comsequent saving in money and space ( about 50 much needed

¢m along the beam).
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2.10 Update of cost estimates.
NEW ESTIMATES OF THE COSTS
Magnet 3000 KSF
Magnet charriot 695
Absorber and charriots 100
Tot 3795

Drift Chambers

Construction 1000
HV Power supplies 100
Amplifiers (MVL1OQ) 220
TDC's 550
Cables 100
Mechanical supports 50
Tot 20206
LST's

Construction 100
Pads 120
Power supplies 10
Head electronics 340
Trigger 250
Cables 100
Tot 920

Overall total 7135 KSF

317
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Figure captions.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3.18

1.1¢

a) Expected number of produced u+ {black points) and p (white
points}), as a functien of P and for an integrated lumnosity of 10

pbhl, with the conditions set in the text and for mt:25 GeV/c2 and

msb=55 Gercz. A smearing in Pr due to the estimated momentum

resclution ﬂpT/pT=20% is considered. The estimated background for
each charge sign is indicated by the full line. The errors are
purely statistic.

b) The expected asymmetry A®"P as a function of Pr-

Same as Fig. 1.1 for a top mass m =25 GeV/cz and no superbeauty.
Same as Fig. 1.1 for a top mass mt=35 GeV/c2 and no superbeauty.

Same as Fig. 1.1 but with a baryon distribution do/dx~{1-x).

Same as Fig. 1.4 but assuming all semi-leptonic decays to be

4-body phase-space.

Same as Fig. 1.4 but assuming a (50%,50%) mixing of 3- and 4-body

for the semileptonic decays.

Same as Fig. 1.6 but assuming (Leading/Total)=0.1.

Same as Fig. 1.7 for a top mass mt=25 Ge\?fc2 and no superbeauty.
Same as Fig. 1.7 for a top mass m =35 GeV/c2 and no superbeauty.

Statistical significance of the asymmetry measurement, Aexp!bAexp’

as function of the total cross section and of the (Leading/Total)



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1.14
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ratio for the top asymmetry peak in the top (mt=25 Ge?/cz) and
superbeauty (msb=55 GcV/czj production. The limit of integration
in pr are indicated in the figure. The hypotheses are fixed as in

Fig. 1.7.
Same as Fig. 1.10 for the superbeauty asymmetry peak.

Statistical significance of the asymmetry measurement, Aexﬁ/ﬁAexP,
as function of the total cress section and of the (Leading/Total)
ratio for the top asymmetry peak in the top (mt=25 Gerc2)
production. The limit of integration in pp are indicated in the

figure. The hypotheses are fixed as in Fig. 1.8.

Same as Fig. 1.12 for a top mass mt=35 GeV/cg The hypotheses are

fixed as in Fig. 1.9.

a) Expected number of produced 1's (positive plus negative - white
points) as a function of PT, for the top (mt=25 GeV/cz) and
superbeauty (msb=55 GeV/cz) production, with the conditions set in
Fig. 1.7. The estimated background is indicated by the full line.
b) The expected ratio (signal=u's from heawvy

flavours)/(background) as a function of Pr.

Same as Fig. 1.14 for a top mass mt=35 GeV/c2 and no superbeauty.
Drell-Yan cross-section for two different guark parametrizations.

Solid tine: Pakvasa et al.; dashed line: NA3/CDHS average. This is

a "naive" calculation with no k. for quarks and no K-factor.
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3.20

Fig.

Fig.

Fig.

1.

2.

17

.1

2

Drell-Yan cross-section. The shaded area is the average of the two

curves x 2.2 (K-factor). The uncertainty has been set to 33%.

CERN drawing of the proposed pins to hold the wires. These pins
have already been extensively used in the UAl central detector.

They are fahbricated by a French company (Minitube, Grenoble).

Itemized cost of the magnet charriots as calculated by Mr. Dubail.
The compressor could be rented for only a few days when needed,
allowing some further savings. This estimate doesn't include the
cost of the charriots supporting the iron absorbers, as specified

in the text.
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Top {25 GeV) and superbeauty (55 GeV} production
Baryons: {(l1-x), mescns: (1—x)3

Decay: .5u3-body + .5x4-body

TOP PEAK : = 8-13 GeV/c
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Top (25 GeV) and superbeauty (55 GeV) production
Baryons: {1-x), mesons: (1‘X)3

Decay: .5x3-body + .5xz4-body

SUPERBEAUTY PEAK : pT = 18-25 GeV/c
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Top (25
Baryons

Decay:

TOP PEAK :

GeV) production
: {1-x}, mesons: (I~x)3
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Top {35 GeV} production

3
Baryons: (1-x), mesons: {1-x)

Decay: .5x3-body + .5x4-body
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Proceedings of the XXII Course of the
Ettore Majorana International Scheol
of Subnuclear Physiecs, Erice, 1984
"Quarks, Leptons, and their
Constituents®
(Plenum Press Inc., New York-London).

5 - 15 August 1984

Z} = NEW FLAVOURS: HOW THEY CAN BE LOOKED FOR AT THE (pp) COLLIDER

WITH THE LEPTON ASYMMETRY ANALYSER

M, Basile, J. Berbiérs, G. Cara Romeo, I,. Cifarelli,

4. Contin, G. D'Ali, C. Del Papa, P. Giusti, T. Hassam,
R. Nania, F. Palmonari, P. Rotelli, G. Sartorelli,

M. Spinetti, G. Susinno, L. Votano and A. Zichichi
Bologna-bEéN—Frascati—Lecce Collaboration

Presented by A. Zichichi

i. INTRODUCTION

1.1 The guark families

The present status of our knowledge on quarks and leptons may

be summarized as follows:

Families: 15t 2nd 3rd

Y R
v ([

|
The top quark {t} is still to be discavered, -
There are good reasons to believe that our knowledge is far

from being complete and thus the search for new flavours and the

study of their family structure is one of the key problems in
subnuclear physics, '

Two theoretical arguments favour the need for new flavours:
The Adler-Bell-Jackiw (ABJ) andmaly concellation requires: number
of leptons = number of quarks [1]. In this way a sixth quark is
needed, and its natural locatiop would be the up-like member of
the 3rd family: the “top* quark. '

4,1
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- According to supersymmetry a very heavy quark {mass in the few
102 GeWc2 range) is needed in order to produce radiatively a
gluino with a mass such as to aveid a conflict with existing
lower limits [2]. Nome of the presently known quarks is heavy
encugh for this purpose.

Figure 1 gives the gquark masses as a function of the family
nunber. Together with the theoretical values nowdays proposed for
the masses of the known quarks, we report predictions for the super-
beauty and supertop masses, once-you have assumed a linear log
dependence of the quark-masses versus family number.

On the same figure are also reported the correspondent masses
for the leptons.

It is interesting to observe that the same lineax fit could
also apply to the latter. The slope of this line indicates the price

in mass you have to pay in order to pass from one family to the next.
The maximum number of quarks allowed by supersymmetry in order

to have a consistent theory {for example the unification limit not
above the Planck mass) is 8, so that the total number of families
would be at maximum four. The up-like quark of the 4th family should
be the heavy guark needed by supersymmefry and prebably the last
quark ever to be discovered

These four families are shown below. The main objectives of

this lecture are indicated by the dotted circles.

Familles: _ ist ind 3rd ith

u
Quarks: [ }
d
W
Leptons: [ e}
e

q up-like heavy = supertop = st

o
I

L
1l

H down-1like heavy = superbeauty = sb

b
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Two key questions now arise:
Are top and superbeauty accessible to (pp) Collider energies?
If ves, How can they be detected?
To answer the first polnt, Wwe can look at Figure 1. If our
extrapolation is right, both quarks can be observed at the Spps.
The detection method is based on the leading baryon produc-
tion mechanism extended to the heaviest baryon and antibaryon
states [3-4].

1.2 Heavy flavours production in hadronic interactions

and their decay

If you want to search for new guarks, first of all you have to
look at the mechanism trough which you expect to get them.

Different models have been proposed in order to explain the
heavy flavour production in hadronic interaction [57.

Figure 2a shows the Feynman diagrams for three different
madels:

the quark fusion,

the gluon fusion and

the flavour excitation.

The first two will lead essentially to a central production;
the third one will account for the forward production which, as
experimentally proved, represent a great part of the cross-section.

Figure 2b shows on the other hand the production of heavy
flavours via a real wor 2.

Another important feature to recall is the way in which the
heavy flavours decay. Figure 3 summarize the generalized Cabibbo
angles for up-like and down-like quarks.

Since all generalized Cabibbo angles measured so far are either
small or compatible with being small (see Table 1), we derive the
following form of the matrix which connects the strong interacting

states to the cabibbo generalized states:
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dc 100 d
5, = 010 ] Matrix 1
b 00 1 b

We will suppose that the same form of the matrix is valid when
we extrapolate to the fourth family

dE 1000 d
Sc % 0100 s Matrix 2
bc 0010 b
sbC 0001 sh
TABLE I
d 5 b

u 0.9737 + 0.0075  0.231 + 0.003 < 0.005
c 0.231 + 0.003 0.972 + 0.002 0.044 + 0.005

t < 0.015 0.043 + 0.001 > 0.999

It is worth to stress that in the normal generalized Cabibko
scheme, you would pay a factor of sin8 passing from one family to
the other, sin’ 8 if you jump two families, and sin38 when you jump
three families (Fig. 4a).

However recent evidence based on beauty lifetime results sug-
gests that probably the coupling between neighbouring families is
governed by different angles (let us call them o, B, ¥ with o > B >
¥). This is shown in Figure 4b, where we have set some egquivalences
between the angles o, 8, vy and ® for sake of convenience.

It is clear that, if this new scheme is valid, it will be more
difficult to make a jump of more than one family.

We will however forget this new lnteresting but still uncertain
development, and follow the traditional path given by matrix 2, i.e.

we Wwill consider the decay chains to be the following
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—_—

+

o+ o oo

Mt &a w

5
+ C + 5
b

sb + * ¢ + S

The above decays proceed via the emission of a virtual wt which -
appears as a {lepton-antilepton) or (quark-amtiquark) pair according
to the diagrams

Semileptonic decay Hadronic decay
N N [ N
qup qdown qup qdown

up down

Where N is the family and 1 ¢ 1 < N.

1.3 Some methods of detection

Various methods have been proposed to detect heavy flavours at
the (pp) Collider.
1. Detection of a hidden state via invariant mass of lepton pairs.
2. Detection of an open state via the identification of a hadromic
decay channel.
3. Study of multilepton events,
4, Study of the inclusive pT spectrum of directly p;oduced leptons.

- | 4.5
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5. Study of the directly produced Py spectrum in events with an
associated hadronic jets (dilepteon and jet masses).

A1l of these methods have problems. We have summarized them in
Table IT.

ABLE II

METHODS
PROBLEMS 1 2 3 4 5
Small production .
Cross sections
Low global branching : o ®
ratios
High background o ]
level
Poor experimental
resolution of the o
quantities to be
measured

Moreover, unless the flavoured or anti-flavoured nature of the
decaying state can be determined, none of these methods allow to
identify the up-like or down-like nature of the new heavy flavour.

Only the mass, or the mass difference, of the two quarks in-
volved in the decay can be determined.

Let us now describe in some details the new experimental
results coming from the UA1 collaboration at the SppS [6]. They

have looked in their data for interactions with the following
topology:

pp —— 1 + jet + jet + (missing energy)

and they have interpreted the six events found as coming from the

wtis? decaying into t b (Eb). See diagram below.
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E0) wig)

frm]
Jet 1

Jet 2

down-Tikeldawn-like) !
did)
Looking at the invariant mass, they found a global invariant
mass (lv jet1 jetZJ peaked around 80 GeV and the invariant mass
(1lv jetZ) peaked in the 40 GeV region (Figure S). Their conclusion

is that these six events are evidence for the existence of the top
quark with mass around 40 GeV.

Waiting for a confirmation of this signal, we would like to
make few general remarks:

@ The lepton charge sign does not give any information on the uplike

or downlike nature of the decaying quark, unless one of the twe

flavours is independently identified (see below).

W ——+ (up-like, down-1iike)

! l

1* 1t

W —— up-like, down-like

! }

1 1

8 The pT spectrum depends only on the mass difference of the parent-
daughter quarks, which is unknown.

e This method cannot be applied to search for superbeauty production.
In fact:

1} W — (st, sb)
W —— (5t, sb)

are not possible because no energy is available.
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2) The following processes

W —— (t sb) W —— (T sb)
{c sb) (¢ 3b)
{u sb) {u sh)

are strongly suppressed because of the smallness of all gene-
ralized Cabibbo angles inveolved.

1.4 Conclusions

Tc investigate heavy flavour production at (pp) Cellider, and
especially the existence of a 4th family, a different approach is
needed . '

In the following a new method to tackle this difficult experi-
mental task is presented,

This method is based on the extrapolation to (pp) energies of
the leading effect in heavy flavour production observed at the CERN
ISR.

2. HEAVY FLAVOUR PRODUCTION AT THE ISR _AND EXTRAPOLATION TO SppS

Qur starting peint is the study of the experimental data avail-

able on heavy flavour production at the ISR. Figures 6a-e show the
measurements on the fractional energy and Prp distribution measured by
our cocllabcration for the A; and Du produced at fs = 62 GeV [7-12].
These results demonstrate that the baryons with heavy flavour are
indeed produced in a leading way, while the mesons are centrally
produced. It is important to notice that this leading effect seems
to increase with the particle mass (Fig. 6-b} [13].

But is the leading effect present even at Spr energies?

To assess this fact, we have extrapolated the ISR results to
the Collider energies with a Monte Carlo Simulation: the goal was to
explain some UA1 and UAS results as the consequence of a leading be-
haviour of the proton.

The details of this work have already been reported in the
other lecture I gave at this school. Here it's encugh to mention the

main results.

R
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1) The (nC y measured at the Collider is consistent only with the

hypothegis of a flat dc{dxF of the proton (Fig. 7-a};
2) We predict the forward-backward correlation (Fig. 7-b)}[14];
3} We predict the charged multiplicity distribution (Fig.7-c){15].
We conclude that, even at SppS, the baryons should be pro-

duced in a leading way.

3. A NEW METHOD TO SEARCH FOR HEAVY FLAVOUR PRODUCTION
AT (pp) COLLIDERS
3.1 The principle of the methed

Our new method is based on fact that due to the leading baryon
production mechanism, extended to the heaviest baryoen and anti-
baryon states, a charge asymmetry of the leptons originating from
the decay cén be observed in a selected region of phace-space. In
fact, in the cutgoing proton hemisphere, as a consequence of the
leading effect, you should expéct in the forward region more baryons
than mesons or anti-mesons or anti-baryons, that means mcre leptons
coming from the heavy quafk decay than from the anti-heavy duark.
This will create in the forward region an asymmetry in the lepton’
charge (see Fig.8 for a gqualitative behaviour).

The sign of this asymmetry will determine the up-like or down-
like nature of the parent flavours; moreover it will show an energy
{pT] dependence characteristic of the masses of the decaying states.

Let us now define in a more guantitative way the lepton asymmetry.

We introduce the quantity:

N (1') - N (17)

2% = - -
N {(1)+HI(1l)
where
. + tmax, _
N (17) = R Q% P 6,70 =

number of positive or negative leptons produced
with transverse momentun Py in the angular range
0" <8 ¢ e"F,

4,9
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The number of positive or negative leptons N {li} 15 expressed by:
, _ + LR t t
N (17} = L {nsb(l ]+ nt(l ] 4 nb(l T+ nC(l )]

where

ng {lt) (with £ = sh, t, b, ¢} = is the contribution from
the direct production of sb, t, b, c states,

and L is the luminosity.

The leptons originating from the decay of the various flavours

are summarized below:

sbh —

t+b+ 1
A
t+b-+c-+s5+1
t+ 1 ) i
A
t+b-c+1
t —
b+ 1°
A
b+c+s5+1
b+¢c+1 1 1
b —

For the corresponding anti-flavours the charge sign of the lepton is

reversed,

4.10
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nf(l+) and nf(l'] can then be expressed in terms of the follow-
ing quantities:
°£ = total cross section for the production of open (f,f) pairs;
+ ratio between the inclusive cross-

Owe * O * %pf ¢ OBE ' *
section for producing meson (M}, antimeson (), baryon (B), anti-

baryon (B} states and the total cross-section °£'

3 BRMf ' BRﬁE ) BRBf , BRﬁf = semileptonic branching ratio of the
uarious states with flavour £ (f = ¢, b, t, sb};
» Mf{1 Y, qf(l 1. (1i ——(1i') = acceptance for 1i from leptonic

decay of the flavour f' produced in the decay chain of the state with
flavour f.

This acceptance is a function of the lepton Py and of the cut

9{8

cut
Accordingly, for the case of the superbeauty, we have:

applied to the lepton polar angle.

o T +
nepll ) = 9y {QMSb [(BRup eusn (1e) * PRycemsp(1c)
+ pu—r [BRy=- (1+ } + BRoe-—(1 )]
®ush LPRisb Wsh Ritb “Hsb
+ opep PRy cpep(ly) + BRye Bsb‘l 0]
+ ogg (BRgep Bsb( ) * BRgpehspte ’]}
n . (1) = 0 F Jom—r [BRover(10) + BR—e—(1)]
sh sh {*Msb Mt Msb T RMc Msh z

* ngb [BRHsb Msb{
+ 0gsp LBRGEBap
* Cpsp

B} * BRy ey (1]

B Bsb(l )]

[BRg pepsplsn) * BRBbEBsb{lb}]}

4.1
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The analogous expéessions for ntlli). nb(li}, nc(li} can be
easily derived and are not reported here,

From the above formulas it can be seen that in order to eval-
uate the lepton asymmetry Au one needs to know:
1. The total cross section — oT
2. The decay branching ratios — BR
3. The production distributions of the baryon and meson states, and

the lepton distributions in the decay —= ¢

4. The relative fraction of baryons and mesons — ¢

3.2 Cross-sections estimates

We will try to estimate the production cross-section at Spps
energies for very high flavour masses using the QCD flavour excit-

ation predictions [16] (Fig. 9), i.e.:

a_ 2000 ub
gy - 10 pb

. B 2
oy T pb  with mtop = 25 GeV/{c,

For the extrapolation to heavier quarks we make use of dimension-

ality and scaling to write the expression

o(m) - ;—2 f [1:;]
To check its validity we have used
® strangeness data to predict charm
¢ strangeness and charm data to predict beauty [17,18].

The resultz of this predicticn are shown in Figs. 10a-b, to-
gether with the experimental cross-sections and their agreement is
satisfactory, Consequently, from the above formula we can deduce the

following cross-sections:
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o, -~ 0.05ub for m 315 Gev/c’

t

I

£

1

o, 0.0t yb foxr m =55 Gev/c?

sh

3.3 Production distributions

For what concerns the production distributions of baryon and mescn

states, we have used the ISR results on the reactions:
pp —+ D' + € + anything
pp — A; 4+ ¢ + anything

pp — Ai + e' + anything .

These measurements [B8,9,11,12] indicate for the longitudinal

momentum distribution:

Qg o const
dx

(1 -ty
for heavy flavoured baryons {i.e. a rather flat x-distribution);

dn
d|x|

3
E - (1 - [x])
for heavy flavoured mesons (i.e. a softer x-distribution],
and, for the transverse momentum distribution of both baryons and

mesons

3.4 The relative vield of barvens_and mesons

In (pp) collisions the following reactions dominate (L = lead-

ing, ¢ = central production):

413
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(L) », P, — Meongral * {Bleading]1 *oany {mc; BL1}

(L) 7,7, Meentral 7 (Bleading}z * any {MC; BLZ}

(€) p1p2 - Mcentral * Mcentral toany = {MC; MC} )

In (pp) collisions, due to the presence of an anti-flavoured

anti-baryonic state, other leading reactions can eccur:

(L) PP, — Moonerarl ¥ (Bleading]1 toany = {3c‘ BL1}

1t

(L) p,p, — 1ul{':&ntr:::l +.{Bleading}2 t any {yc‘ BLZ}

(L) p,p, — )+ any

2

m
rt=—
=
__L“"
==}
=
[
|_‘_._..J

{Bleading}1 * {Bleading

(C) PP,  Meontray ¥ Meentral T A0Y E {ﬁc; MC} :

The indices (1,2) are redundant in the {(pp) case and will be
omitted from now on.
The relative yields for the production of central mnesonsf

antimesons and of leading baryons/antibaryons, are therefore:

fo Jue: 5} + o fues A
o - [u {ﬁc-, BL} ‘a {ﬁc; MCH{UT

11

Oy
leading

= 1- total
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leading
total

)
o
I
Q
=rt—
=
o
o
-

with

=]
t

total cross-section
a {#C; BL}-+ a {#C; BL} + ¢ {#C; MC} + o {BL; BL} .

At the ISR, the ratio leading/total is:

i3

- 1/16 for strangeness
~ 1/8 for charm

Possible extrapolations for the leadihg/total ratioc are given in
Fig. 11. However, in our discussion we will study the behaviour of

the lepton asymmetry al as a function of the ratio leading/total.

3.5 The decay branching ratios

In our Monte Carlo we have used the known semileptonic branch-

ing ratios for charm

|
(0 — a1y = 0-085
+ +
(A 1-)
f - 0.045
(AN — all)

For all other heavier particles we assumed the value
BR(1Y) = 0.1

4,15



290

416

It is worth to note that this is a pessimistic figure if we compare
it with the recent data from the CLEQ ceollaboration which has

measured [19b] the following beaty quark decay

+
(M, — 1)
bk L 0.13 .

(M — all)

b

Nate however, that the choosen value of 10% is in agreement
with what we should expect from the quarks colours and lepton

counting rule, 1.e.:

lepton families

n o=

BR (leptonic) = 1=} = 25%

lepton families + 3
i i

quarks families
1

oMz
nm =

i
where N is the total number of families taken into consideration.

3.6 The decay distributions and multiplicities

Again the CLEO collaboration [19b] has studied the reaction
Mb — Xev, discovering that:
i) the mass recciling with respect to the leptons is very near to
the D mass;
ii) the mean charged multiplicity of the decay is 4.1, of which 2.5
are, on average, contributed by the D decay.
These results suggest that even at the high mass value of Mb' the semi-

leptonic decay proceeds via a 3-body decay, with a mass difference very
near to the value.

Am = mass - mass

beauty charm ~

On the other hand, data on the hadronic decay of beauty mesons show

that the mean multiplicity is 6.3:
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Mb —+ B + 4 charged + 2 neutrals

L—~* 2.5 charged

i.e. Mb —+ D + & body.
As a consequence of these findings, in the following we will
make the assumption:
e the total multiplicity of semileptonic decays is 3 and the decay is
k13—1ike for mesons and phase-space for baryons;
@ the total multiplicity of hadronic decays is
- 3 for charm
{ncharm + 6) for - beauty
- tap
- superbeauty
{This is a conservative hypothesis. Higher values of multiplicity
for the hadronic decay produce higher values for the asymmetry,
and the hadronic decays of top and superbeauty can be expected to

produce more particles than beauty.)

3.7 Lepton spectrum in the {V-A) frame

At this point I would like to make a remark. In principle there
is indeed another way to measure the up-like or down-like nature of
a quark.

From the V-A approach we know that a particle {antiparticle)
Wwith spin = 1/2, must be left-handed (right-handed).

Furthermore a gquark left-handed decays semileptonically into
another quark left-handed plus a lepton-antilepton pair, i.e., the

final state is:

9, —* (left) + (left) + (right)

L

quark lepton lepton
Now, if 9y, is up-like, the antilepton will be the 1£ ; if q;, is
down-1ike, the antilepton will be the ;R but the charged lepton will
be 1. '

4,17
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At this point let us focus our attention on the momentum spec-
trum of the observable l% and 1£. We will have two cases:
1) Up—li%e — 1% ve dp
The lR with maximum energy = m/2 is forbidden, since the spins do
not couple in the right way. The spectrum will be as in Fig. 12a.
2) Down-like — 1 vp ug
The lL with maximum energy = m/2 is allowed. The spectrum will be
as in Fig. 12b.

Figure 13 summarize the P distributions of the leptons coming
from a decay of the type t {35 Gevjcz} —+ b (5.5 Gercz) + X :
various assumptions are reported.

It is clear from the curves shown that in principle it should
be possible to determine the nature of the quark only from the Py

distribution.

4. THE LEPTON ASYMMETRY IN AN IDEAL EXPERTMENT, a°

4.1 Kinematic anaylsis of muons from the primary decay

of baryons and mesons

k4 Monte Carlo simulation has been performed with the above men-
tioned assumptions and we have evaluated the lepton asymmetry for
25 Gev/c’ and  m_, = 55 Gev/ct
35 Gev/c?,

al m

t
) mt

as measured by an ideal experiment capable of detecting muons in the

azimuthal and polar intervals

0* % B8 & 30°
0 < ¢ < 360°

In the following figures are shown the results from this Monte
Carlo simulation.

Figure 14 show the angular distribution of muons from primary
decays of baryons and mescons; we have chosen for the leadingftotal
ratio a value of 0.25 to normalize the spectra of baryons and

mesons. Figure 1%a shows again the angular distribution of muons



from the decay t — bpv (mt = 35 GeV/cz); here we have added
baryons and mesons contribution to the same sign muon. In the same
figure we have reported also the muon yield obtained with a diffe-
rent leading baryon distribution [(1 - x)’]. Figure 15b shows the
same distribution, but in this case for the decay sb —= tpv.

From these figures we deduce that the asymmetry should be more
pronounced in the low 8 region and that there is no particular dif-
ference between various baryons legitudinal distributions.

Another important feature of these muons can be derived from
Figs. 16a-c. Here we report the iso-rate curves in the plane pT—e
for baryons and mesons. Also reported are the lines of the constant
Xp- It is clear that a cut in the Xp variable will improve the
rejection for uninteresting muons coming from mescns decay.

Figure 17 shows the expected ideal lepton asymmetry Aﬂ as

computed with our Monte Carlc simulation.

4.2 A" versus Am and leading/total

We want to stress that the peak positions expected in the asym-
metry distributions depends only on the mass difference between
parent and daughter particles.

In fact, as shown in Fig. 18, if you use the variable pT!ﬁm,
all distributions coincide independently of the decay processes
considered.

This is more evident in Fig. 19 where we have reported the mass
difference AM in function of the Pp: & linear dependence is con-
ceivable.

I have already stressed the importance of studying with our
Monte Carlo the dependence of the asymmetry on the ratio leading/
total . We have evaluated this dependence and the results are shawn
in Figs. 20a-b.

We can conclude that, within reasonable variation of this
ratic, the value of the ideal asymmetry A" does not "change very

much.

293
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5. THE EXPERIMENTAL LEPTON ASYMMETRY A°*P
5.1 The Lepicn Asymmetry Analyser {LAA}

In order to evaluate the lepton asymmetry in a real experiment,

two factors have to be taken into account:

1) The detector acceptance
2) The background level as determined by physics and by the apparatus
rejection power.

In Fig. 21 we show a schematic view of the Lepton Asynmeiry
Analyser (LAA) [20], an apparatus for muon detection which could be
installed behind the upgraded UA2 detector. The angular reglon de-
fined by the appa&atus will be 5" ¢ 8 € 30°, and this cut affect the
lepton asymmetry as shown in Fig. 22.

We can observe that the effect of the lowexr cut in the angular
coverage 'of the apparatus is to make disappear the asymmetry due to

charm and beauty. The lepton asymmetry remains for heavier flavours.

5.2 The background evaluation and the u/fu reijection
In our Monte Carlo simulation, two types of background have
been studied. '
1) Background due to muons produced by v and K decay.
We have here extrapolated, above p_ = 10 GeV/c, the UAl data

T
which best fit is
a n n R+ W
E E = Apuf{pu + pT} [fOI T]

(A =0.37 mb c® GeV'°; p = 1.3 GeV/c; n = B.99) [21].
Integrating this distribution in the rapidit? interval

1.3 ¢y 6 3.1
and using a K/n ratio of - 0.17/0.83, the extrapolated hadron
rates have then been multiplied by the rejection power of the
apparatus. To calculate this rejection, a decay and hadron shower
Monte Carle have been used.

As a result of this simulation, two groups of p show up
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i} ¢ from decay in flight (full primary energy)
ii} y from decay during the hadron shower development (scaled by
30% in energy on average).

Approximately an equal number of p from the two groups were suf-
ficiently energetic to penetrate to the end of the toroid. The
final rejection power computed is reported in Fig. 23.

2) Background from prompt muon sources other than heavy ‘flavours,
i.e. Wt, 7° '
The relevance of this background is shown in Fig. 24, where the
expected muon rates coming from different processes are reported
f227.
From these data, we conclude that this background is relevant

above p 2 15 GeV/c.

T

5.3 The experimental asymmetry paramter

Having intrecduced the background in ocur Monte Carle, we can now
see how cur asymmetry will be affected.

Figure 25 shows an example of the various contributions to the
muen spectrum as computed by our simulation. We can use these data

to evaluate the experimental asymmetry A%FP defined as

[Nee') + N ] - [Ny e N (7))

a%*P (p .8} =

!r! ¢ + - -
+ IN
Iva®y + mp wh] + v + N 7))
where Nbg{p*) = Nbg(p'} = Nbg(p) z number of background ui.
The obtained A®*P Qistribution is shown in Fig. 26. It is in—
teresting to see how the W contribution affects this distribution:

Fig. 27 is answering this question.

5.4 The effect of momentum resolution

Since we want to put ouselves in real experimental conditions,
we must evaluate how AS*P Wwill be affected by the momentum resolu-

tion of the apparatus.

4,21
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Figures 28a and b show how the asymmetry value at the peak
varies in function of Ap/p of the apparatus. The figures refer to
the casez of top (25 GeV/cz} and superbeauty (55 GeV!czl. Notice

that the expected momentum resolution of the LAA is about 20%,

5.5 Aexp for the caszes

a) m_ = 25 Gev/c?
b) m,_ = 35 Gev/c®

- 2 _ 2
c) mt = 25 GeV/c and msb 55 GeV/fc™ .

At this peint we can systematically study the behaviour of the
lepton asymmetry for various assignments of the top and superbeauty
masses.

For each case the Pr distribution of the mucns and the asym-
metry versus Py behaviour is reported (Figs. 29-31).

We underline that in our calculations, we have used an inte-
grated the luminosity of 10 pb-1.

5.6 AS*P and its statistical sigqnificance

Once we have established in a guantitative way the asymmetry
behaviour for different heavy quark masses, we have to go back and
analyse the variations of the results with the most critical inputs
of our Monte Carlo, i.e.:

1) the leading/total ratio,
2} the cross-section estimates,
3) the baryons longitudinal distributions,

For what concerns the first item, we report in Figs. 32a-c, the
asymmetry. peak and the statistical significance of the asymmetry
versus the leading/total ratio.

Figures 33 to 36 show again the asymmetry peak values and the
statistical significance in function ¢f the cross-sections (the
arrow indicates the value chosen till now). |

It is evident from the data that cross-sections lower even of a

factor 5 or 10 will allow a valuable measurement of the. lepton asym-
metry.
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Finally, in Figs. 37-38 we report the Pp distribution of the
muon and the dependence of the experimental asymmetry versus PT for
two different assumptions in the longitudinal momentum distribution.

The variations obtained in the asymmetry distribution are small.

6. CONCLUSIONS
Let me summarize the logic we have followed in this lecture.
Starting from the leading effect found at the ISR, and deeply
studied by the BCF collaboration, we have deduced the existence of a
similar effect at the Spp5.
We have consequently developed & new method £o search for heavy
flavours baryons and antibaryons produced in a leading way and
decaying semileptonically.
Our procedure 1s based on the measurement of the pi asymmetry:
@ from its sign we can deduce the up-like or down-like nature of the
new flavour carried by the baryon;

9 from its amplitude we can measure the cross-section for producing
leading baryons {anti-baryons);

s from its Pr dependence we can derive the mass difference between
the new flavour and its nearest state.

Since the collider energy opens a region of masses well above
the 3rd family, we Wwill be allowed to seaxrch for the lightest state
{down-like) of the 4th family: the superbeauty.

Notice that mass difference between "superbeauty" and "top*

will be crucial fcr the ui asymmetry produced by top.

We have proposed a new detector to measure this asymmetry: the
Lepton Asymmetry Analyser {(LAA), whose main features are:
@ is positioned behind the forward/backward UA2 calorimeters;
o consists of iron filters, tracking chambers, limited streamer
tubes for triggering, 2.0 T in iron toroids;

@ covers the angular regions

4,2:
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5* <8 ¢ 307
0° ¢ 4 € 360" and
150* ¢ 8 < 175° ;

@ provides a momentum accuracy ap/p ¢ 20% up to p = 150 GeV/c;
@ separates muons from hadrons with a rejection power of 10-3 at

Pp = 3 GeV/c, up to 107" at Py = 20 GeV/c.

Simulating in details the experimental condition, we have then
studied three cases:

i) "Top* with mass 25 GeV/cz.

ii) "Top* with mass 35 GeV!cz.

1l

ii1} "Top" with mass
55 GeV/c2.

H

25 GeV/c2 and “superbeauty" with mass =

The influence of the uncertainties in the Monte Carle inputs
has been evaluated.

As a result of this detailed work, the expected asymmetries are
shown in Figs. 39-40.

At this point I would like to underline the main items followed
in my lecture:
i) demonstrate to you the importance of the search for new heavy
guarks;
ii) prove that the simple measurement of a mass is not enough to
understand the properties of a new state;

iii) propose an apparatus (the LAA} which will be able to determine
the up-like or down-like nature of a new quark, its mass and
its cross-section;

iv) try to give to all of you (especially the theorists) the
feeling of how complicate is to build a new instrument capable

of measuring the flavour of a new gquark.

4.24
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Fig. 33 The asymmetry parameter A%%® (a) and its statistical signi-

ficance (b) versus the production cross-sections for top (25 GeV/c")
production.
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Fig. 34 As fig. 33 but for top (35 Gev/c’) production.
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Superbeauly {m=53 Gev), p,=20-23 GeV/c
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Fig. 36 as fig. 33 but here we consider the top (25 GeVJc?) decay
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IIL-5. LAA Proposal: Memorandum to the Chairman
of the SPSC, August 2, 1984.
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Following our proposal to build a Lepton Asymmetry Analiser (LAA) to be used

in conjunction with the UA2 set-up, we would like to clarify some points.

1 - The LAA proposal was not intended to Be an instrument without future. We
consider the LAA the first step of a super-detector to be constructed for
the second generation experiments at the CERN Collider. We have already
dedicated some of our time to study a detector much more powerful than
existing ones. The CERN Collider will start its improved performance period
in 1987. An improved Collider needs improved detectors.

We understand that a fully new detector would have been difficult te be
ready by 1987: this is why we thought of proposing the first part of a new
detector.

The LAA has the structure to be considered the completion of the new
detector. "Inside” LAA there will be the UA2 detector in the first stage and

the second generation detector in the final stage.

2 - In our proposal to the SPSC we discussed LAA only in its function as a
detector to establish the "up"-like or "down"-like nature of mnew heavy
flavours produced at the Collider. It should be emphasized that the
measurement of a mass has nothing to do with the type of "filavour” (up-like
or down-like) associated with the mass. Se the problem is: how much are we
prepared to pay in order to know the mass of a new state, and how much money

. is worth spending in order to know the "filavour" of a new state.

3 - Notice that the direct production of new heavy flavours can provide a great
deal of information on QCD processes. Last example: the "discovery” of new

production mechanisms for charm in the ISR energy range.

52



4 - The present UAl data on a new heavy mass object does not exclude for the top

6

mass a value consistent with the naive expectations shown in Fig. 1l of our
proposal [CERN/SPSC/84-33 - SPSC/P20C}: i.e. m, = 25 Gevfcz. If this 1is
corroborated by further evidence, it could be that the "down-like" member of
the hth family, the superbeauty, would really be at a mass expected from the
above quoted "naive" extrapolation, i.e. mg = 55 Gev/cz. In this case the
W-method is out of question to detect, even as a mass state, the

"superbeauty'. In fact the down-like member of the 4th

family is Cabibbo
favoured to be produced, in the W-decay, together with the "up-like" member
of the same family: i.e. the supertop. As its mass is expected to be in the
200 Gev range, the W-decay into the flavours of the 4th family, is forbidden

by energy conservation. The decay into the up-like flavour of the 3rd family

and the down-like flavour of the Ath family is Cabibbo forbidden.

The proposed set of reasonable values for heavy-flavour
i) production cross-sections,
ii) (leading/total) ratio,
iii) 3-body dominant decay,
iv) semileptonic branching ratios,
is the starting point to justify the LAA. In fact the limits of sensitivity
to an asymmetry are such that it would appear unreascnable to make more
pessimistic hypotheses. Nevertheless, following the SPSC request, we have
considered also a set of combined pessimistic assumptions and the asymmetry
appears to be visible in a wide range of possibilities. We will present in
a forthcoming memofaﬂdum the data regarding the main further peints raised

by the SPSC Referees on our LAA proposal.

fet us nevertheless suppose that for a series of unreasonable coincidences

{for example m_ = msb) the lepton asymmetry is zero. We have not emphasized

t
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in our proposal that, in this case, the p-spectrum -not the subtraction (u+
- 1) but the sum (ﬁ* 4+ u )- would show a deviation (the graph will be
included in our next memorandum te the SPSC). This deviation would be the
starting point to analyse, in conjunction with the UA2 detector, the
detailed structure of the events associated with it. Notice that we have as
an important tool the sign of the muon, to be studied in asseciation with
the event in the UA2 detector. It could be that the patterns associated

with opposite muon charges would be different.

Let us emphasize that the pp Collider should be e#ploited at the maximum
level of machine and technical performances open to all physics
possibilities.

Apart from the expected "new" heavy flavours, the following new phenomena
can be investigated with the LAA coupled to the UA2 detector:
i) (¢-jet) events,
ii) (u-e) events,
iii) (p-e): events with jets,
iv) (p-e) with missing energy plus jets,
v) (multijets) events with ¥ and missing energy.

The above list is just an example of events associated with well

identified muoms in LAA. Genuine muon events can be studied if LAA is

available. It should not be forgotten that, in addition to the expected

events (top, superbeauty, supertop, Higes, supersymmetric particle states,

new leptons), the search for new states should be based on the capabilities

of the experimental set-up. The u phenomenclogy associated with the event
structure observed in a powerful central detector should be the tocl

available for the exploitation of the ACOL Collider age.

8 - Let us clarify our views on UAl and DO.



i) UAl can never reach our muon selection power. Our detector has the
further advantage of being the first part of a new super-detector. It
should be remarked that the laboratory policy has been to encourage
competitive set-ups. At LEP this number is greater than two.

ii) DO can do what we can do. In fact they are planning a LAA with (3°
30 °) aperture in ©. The fact that a LAA-1ike detector is installed at
Fermilab should, by analogy with the above point i), bring to the conclusion
that at least one LAA at CERN should be built. To appreciate this, it is

enough to imagine if we would like to have it here, now.

We have not emphasized our interest to extend at the Collider our ISR
hadronic analysis. So far we have shown that (nF/nB) multiplicity
correlations, the charged particle multiplicity distribution and the total
multiplicity observed at the Collider are perfectly consistent with being
the leading effect present and as important as it is at -the ISR. The
detailed study of hadronic physics at the Collider, as we have donme at the

ISR, is one of our physics programs for the super-detector.

Enclosed : recent publications of the BCFL Collaboration.
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-EP/84-94

July 6, 1984

SCALING IN THE CHARGED PARTICLE MULTIPLICITY DISTRIBUTIONS AT THE ISR

AND COMPARISON WITH (e'e”) DATA.

M. Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali,
C. Del Papa, B. Esposite, P. Giusti, T. Massam, R. Nania,
F.Palmonari, G. Sartorelli, M. Spinetti, G. Susinne, L. Votano

and A. Zichichi

Dipartimento di Fisica dell'Universita', Bologna, Italy
Istituto Nazionale di Fisica Nucleare, Bologna, Italy
CERN, Geneva, Switzerland

Istituto Nazionale di Fisica Nucleare, LNF, Frascati, Italy

ABSTRACT

The distributions of the charged particle multiplicities at the ISR are

studied in terms of the effective energy available for particle production in

{pp) interactions.

These distributions are found to scale once the effective energy, obtained

via the leading subtraction method, is used.

A comparison with the charged particle distributions measured in (e+e‘)

annihilation shows a clear difference.

This could be interpreted in terms of, gluen induced and quark induced jets;

where the gluon induced jets are characterized by a wider multiplicity

distribution with respect to guark induced jets.

(Submitted to Nuovo Cimento Letters)
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Fig. 1

Fig. 2

FIGURE CAPTIONS

The average charged multiplicity measured in (pp)6) and (e+e_)10’12).

Notice that the (pp) interactions are studied following our method of

had 2

subtracting the leading proton effect. The quantity v (q is the

tot)
effective energy . available in a (pp) interaction once the 1leading

effects are correctly taken inte account {(see text for its exact
i as . . . . + -
definition). The quantity (/s}e.e. is the energy available in an (e e )

annihilation.

The nch!{nch> distributions measured in our experiment in (pp)

interactions , for two different intervals of J(qhadtot

hadtOt)2 £ 15 GeV; solid circles:25 = \/(qhad

)2 [open circles:

2 < 30 GeV].

10 £ V(q ot) =

The solid curve is the best fit to the (pp) data (this experiment). The
nominal (pp) c.m. energy was (Js)pp= 62 GeV. The dashed line is the

best fit to the (e+e-) datas_ll)

327

5,7



328

1 814

_3,3
A N

(A2D) ow _om 0% 0€ 0¢

T 1T 1{i7 1 11 3 YrrrrrrrorrT 1T 171 1 I

B mmwuﬁaw
. \\\+\\
- ~% 0
8 \Q&\w\o
i )
- %ﬁ#\+
| +M
- \\+ INIWI¥3dXT3 SIHL »
g s | S
/ (3.3) olnid vH13d 0

| AYVW-dVIdS ¥

(Pu)

UG-

|

5.8 .




———

<Nepd+P(ngp

O1L

gL

1. 92
nc% nch )

. l Fig. 2

5.9

329




330

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

CERN-EP/84-95

July 10, 1984

THE LEADING EFFECT EXPLAINS THE CHARGED PARTICLE MULTIPLICITY

DISTRIBUTION OBSERVED AT THE CERN pp COLLIDER.

M. Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali,
C. Del Papa, , P. Giusti, T. Massam, R. Nania, F. Palmonari,
G. Sartorelli, M. Spinetti, G. Susinno, L. Votano

and A. Zichichi

Dipartimento di Fisica dell'Universita', Bologna, Italy
Istituto Nazienale di Fisica Nucleare, Boleogna, Italy
CERN, Geneva, Switzerland

Istitutc Nazionale di Fisica Nucleare, LNF, Frascati, Italy

ABSTRACT

The assumption that the leading effect, and the charged. particle

multiplicity distributions, measured at the ISR, scale with energy, and that the

mean charged multiplicity, measured at the ISR, can be extrapolated wup to

Collider energy using the leading subtraction method, allows a prediction of the

charged multiplicity distribution at the CERN pp Cellider.

This prediction is found to be in excellent agreement with the experimental

data obtained at the Collider by the UA5 group.

{Submitted to Nucvo Cimento Letters)
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Fig.1

Fig.2 :

Fig.3 :

Fig.4 :

Fig.5 :

FIGURE CAPTIONS

The charged particle multiplicity distribution measured by the UAS

collaborationl) at (Js)p§= 540 GeV. The dashed curve is the KNOB)

15)_

scaling prediction based on the fit by P. Slattery The solid curve

is the UAS fitl).

The nch,(nch> distributions measured in our ISR experimencz).in (pp)

d
tot

had

. tot

interactions, for two different intervals of v’(qha y* [open circles:

10 < »/(qhadtot)2 < 15 GeV; solid circles: 25 < Y(q )2 £ 30 GeVi.

The curve is the best fit to the data.

Inclusive differential cross-section do/dxF as a function of Xp (XF:
ZpLjJs) measureds’g) in the reaction pp * p + X, at ISR energies. Open
circles are Ref.8; solid circles are Ref.9.

6)

The average charged multiplicities measured
d

in (pp) interactions at

i.e. using the leading subtractiocn methodﬁ)

the ISR versus r/(qha tot)z; i.
13, 14)

(open circles). The average charged multiplicities measured in

{pp) interactions versus (Js)p j.e. using the standard method (solid

p!
circles). The open triangle is the average charged wmultiplicity
measured by UAS collaborationl) at the CERN pp Collider, again using the

standard method. The dashed curve corresponds to formula (2) and the

solid curve to formula (3) in the text.
The charged particle multiplicity distribution measured by UA5

collaborationl) at (JS)p6= 540 GeV. The curve is our own prediction

based on formula (4).
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EURQPEAN ORGANIZATION FOR NUCLEAR RESEARCH

July 28, 1984

TRANSVERSE AND LONGITUDINAL PHYSICS FROM ISR

TO COLLIDER ENERGIES

M. Basile, G. Cara Romee, L. Cifarelli, A. Contin, G. D'Ali,
C. Del Papa, , P. Giusti, T. Massam, R. Nania, F. Palmonari,
G. Sartorelli, M. Spinetti, 6. Susinno, L. Votano

and A. Zichichi

Dipartimento di Fisica dell'Universita', Bologna, Italy
Istitutoc Nazionale di Fisica Nucleare, Bologna, Italy
CERN, Geneva, Switzerland

Istituto Nazionale di Fisica Nucleare, LNF, Frascati, Italy

ABSTRACT
The inclusive fractional energy distributions measured in the low P
{longitudinal) and in the high P (transverse) range at the CERN ISR and at the
CERN pp Collider, show an impressive analogy, once the "leading" effect is taken

into account.

(Submitted to Nuovo Cimento Letters)
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Figure 1:

FIGURE CAPTIONS

Comparison of fractional energy distributions obtained in {pp)
interactions [ISR, this experiment] at low pp»  in (e+e_)
annihilation [PETRA, TASSO collaboration), and in (pp) interactions

[CERN pp Collider, UAl Collaboration] at high pp. The "leading

subtraction” method is adopted.
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

July 30, 1984

THE LEADING EFFECT IN (e+e-) ANNIHILATION COMPARED WITH

(pp) INTERACTIONS.

M. Basile, G. Cara Romeo, L. Cifarelli, A. Contin, G. D'Ali,
C. Del Papa, , P. Giusti, T. Massam, R. Nania, F. Palmonari,
G. Sartorelli, M. Spinetti, G. Susinno, L. Votanc

and A. Zichichi

Dipartimento di Fisica dell'Universita', Bologna, Italy
Istituto Nazionale di Fisica Nucleare, Bolegna, Italy
CERN, Geneva, Switzerland

Istituto Nazionale di Fisica Nucleare, LNF, frascati, Ttaly

ABSTRACT
Recently the leading effect has been observed in the multihadronic states
proeduced in (e+e_) annihilation at PETRA.
The inclusive fractional energy and the transverse momentum distributions,
are shown to be in excellent agreement with (pp) data,.once the effective and
not nominal energies, both in (pp) and in (e+e_), are used as the basis for a

comparison between the two processes.

{Submitted to Nuovo Cimento Letters)



Figure 1:

Figure 2:

Figure 3:

Figure 4:

FIGURE CAFTIONS

Two schematic (e+e') events, one of the standard jet-jet type, the

other with a leading particle.

Fractional energy distribution without "leading subtraction”, in
(e+e_) annihilation. The histogram refers to standard jets (without
& leading particle) at (Js)e.e- = 34.4 GeV. The solid circles
superimposed are relative to jets accompanying a D* (leading

particle), at the same energy.

Same as Figure 2 after the "leading subtraction” methed was applied.
The dashed-line curve shows the standard jet distribution obtained
at an energy, (Js)e.e_ = 14 GeV, which is reduced with respect to
the nominal 34.4 GeV value to account for the 'leading subtraction”.

The (pp) interaction data corresponding to a similar effective

had

energy, V(g .

y?2 = (10 + 16) GeV, are superimposed.

+ -
Showing the agreement of (e e ) and (pp) data in terms of dcfptz,
where Py is the transverse momentum with respect te the jet axis,
once the "leading subtraction" method is applied. The TASSO data
correspond to events with jets plus a D {leading particle). The

(pp) data are relative to an effective energy range, J(qhad

2 =
tot)
(13 ¢ 17) GeV, which is lower than the nominal (Js)e.e- = 34.4 GeV
and corresponds to a 'residual”™ energy of 14 GeV, once the e

leading effect is considered.
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[II-6. LAA Proposal: Memorandum to the SPSC referees
{Prof. A.Donpachie and Prof. R .Klanner),
June 28, 1984.
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Date: June 28, 1984
© -~HEMORANDUN

To : Prof. A. Donnachie

Prof. R. Klanner
From : BCFL Collaboration

Ref. : THE LEPTON ASYMMETRY ANALYSER: A PROPOSAL

CERN/SPSC/84-33 - BPSC/P200

Subject: Answers to the Referces' questions

Copy to: Prof. L. Foa' (Chairman of SPSC)

Prof. R. Budde (Scecrectary of 5PSC)

6.1 .
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6.2

QUESTION 1 - What is- the effect on the asymmetry due to do/dxF * 0 as Xp *

1, for leading baryons.

ANSWER 1 - We have studied the case dcjdxF«(l—[xFI)u with @«=1 (See Fig.l,
where the other distributions are also shown). Fig.2 shows the angular
distributions of us from baryons produced with

donxF = ¢onst.
and
do/dx « (1-|xF|)“ , @ =1

For completeness the contribution from mesons is also shown. The corresponding
asymmetry versus pp is reported in Fig.3. The case considered is "top" with
m,=35 GeV/c’ and the standard ratio (leading/total)=0.25. The change din
asymmetry is very small with respect to the case of baryons produced with do/dxF
= const. as can be seen froﬁ a compariscon with Fig.28 of the proposal {(reported
here for convenience of the reader). Fig.4 shows the case for the production
of an "up~like" and a "down-like" heavy flavoured baryon, m =25 GeV{c2 and
msb=55 Gev/cz. The Montecarlo for (superbeaut&/top) case with =1, takes too
long to be done. On the basis of the previous case (mt=35 GeV/c2 ) we believe

that the change in asymmetry is negligible.

QUESTION 2 - What is the effect on the asymmetry of a reduced (baryon/total)

xratic for heavy flavour preductieon.

ANSWER 2 - We have considered heavy flavour production of top (25 GeV /cz)
and superbeauty (55 GeV/cz) and of top (35 GeV/cz). The results are shown in
Fig.5,6,7, in terms of A%*P and of A®*P/aA®*P.  If ye choose the 90% confidence
level, the ratio {leading/total) can be, 5.0 (superbeauty)}, 10.0 (top, 35
GeV}cZ) and 10.0 (top, 25 GeV/cz) times smaller than the value choosen in the
proposal. It should be noticed that our analysis on the data obtained at the
Collider shows that the leading effect should be the same as observed at the

ISR. Concerning heavy flavour production, the data available so far seem to

Wil e L T e e L - o e .
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indicate that the leading effect increases with increasing quark mass (sec
Fig.12 and 13 for a comparison of propagation of (s), (u) and (d}). Moreover

Acfhs leading effect favours Ac {(see Fig.& of our proposal).

QUESTION 3 - What is the effect on the asymmetry (threough smearing of the
lepton P distribution) and on the determination of the quark mass difference,

due to the semileptonic decay being 4-body (or even 5-body}.

ANSWER 3 - We have assumed the basic decay to be of the type
q; *ogytuv )
This dcesn't imply that the final state (1) will consist of 3 bodies. The
number of final state particles in (1) will be given by the "hadronization' of
q,- If g, hadronizes into 10 ='s, the final state (1) will consist of 12
particles. However the "hadronization” of g, should produce a small "smearing™.

Let us ceonsider another possibility: the decay goes via an "excited" quark

ot

state (qz) , i.e. a quark whose mass is greater than the constituent quark mass,
wt

q; ¥ (@) + w

L* q, + nwv . In this case the peak in the u P distribution

will change according to the scaling law
pT/ﬁM

as shown in Fig.8. The changes are not very large for reasonable qﬁ excitations.
However we believe that reaction (1) with subsequent "hadronization™ of g, is a
reasonable model to describe heavy quérks decays. On the other hand we would
not know how to simulate multibody semileptonic decays where the "multibody" is
at’ the (q1 + q2) level. There is a hint which supports our model (1) based on
the "hadronization" of g,. Data from CLEO on the semileptonic decay of beauty
mesons, Hb + Xev, show that the mass recoiling with respect to the leptons is
very near to the c-quark mass. The mean charged particles multiplicity of the
decay was reported by the CLED group to be 3.5 [S8.L. Olsen in Proceedings of

the Second Moriond Workshop on New Flavours, Jan. 1982, p.147] and later 4.1
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{M.S. Alam et al., P.R.L., 49 .,357 (1982)]. As, on the average, the mean charged
multiplicity attribuable to the D-decay is 2.5, we have (4.1-2.5) = 1.6 of which
1 is the leptonic component. Therefore the c-quark shows, on the average, an
additional "hadronization" of 0.6 charged, i.e. 1, particle, per event, with
undetectable smearing on the c-quark mass entering in the b-quark decay. The
problem of quarks with very large masses is open, however it is not inconsistent
with our hypothesis (1), i.e. dominant 3 body decay with a 95 "hadronization"

with a small additicnal mass.

QUESTION 4 - In connection with question 1 and 2, hew practical is te impose

a minium xp cut an the leptens, in order to restore the asymmetry?

ANSWER 4 - A elean way to answer this question is to plot the isorate
acceptance curves for muons coming from baryens and mesons. This is shown in a
plot of py versus 0, for constant xF—values (Fig.9,10,11). The (pT - 8) range,
with 0.2ExF£0.4 is where the u from baryon decays are more abundant. The u from
mesons are with xFéo.l. The % cut is a choice to be made once the background

F

is directly measured in the experimental conditions. It could be very helpful.

QUESTION 5 - One expects an asymmetry between a7 and 7" even at high P due
te the charge-quark content of p and p. How big is it? How can it be measured

and how does it influence the measured asymmelLry?

ANSWER 5 - The=m+/1— asymmetry {(due to the quark content of p and B} is Xp
and Pr dependent. To the best of our knowledge its effect on the lepton
asymmetry due to baryons carrying heavy flavours should be negligible. In fact
the ﬁ+/ﬂ- asymmetry decreases with decrg§5ing xp and with increasing Pr- The Xp
range of the lepton asymmetry is O.ISxFﬁo.h. The transverse momentum range is
pT25 GeV/c. In these Rp and pp ranges the ﬂ+/n_ asymmetry is expected to be

negligible. The review of what is known in this field follows.



in our paper "The Leading Particle Effect in Hadron Physics" [Nuovo Cimento,
66A,129(1981)} we have studied the Ilcading effect when only one quark
propagates, from the initial to the final state. This has been done using the
(pp) data at PLabZIOO GeV/c (Fig.12) and the ISR data at (¥s)=25-62 GeV
(Fig.13}. The value of the quantity L scales in the ISR energy range and it is

in good agreement with the lower energy data. This means that even at Collider

energiecs the L value is expected to be ~0.5.

Let us consider the case of 3 quarks propagation, at the ISR, and compare
the results with 1 quark propagation. This means that we will take the ratio of
proton to m in the final state of (pp) interaction at the ISR. The result is
shown in Fig.l4 where we see that at xF=0.7 p/m=25 while at xF=O.25 p/m=1. As
mentioned above, the 1 quark propagation has 1=0.5, while the 3 quarks
propagation has L=3. If p/v =1 at xF=0.25, there is no gquestion that n+/w_

} +, - . :
cannot be worse: i.e. W /% =1 at x_z0.25. Notice that these are low Pr data,i.e.

FE
pT<1.S GeV/c.

We now discuss why we expect that at high P the ﬂ+/w" ratio should be 1.
Let us first emphasize that the p; dependence of the "leading” effect has never
been measured {we wanted to do it at the ISR). It should decrease with
increasing Pr- Using the scarne ISR data [P.Capiluppi et al. ANucl. Phys.
B79,189(1974)] we can conclude that the ratio n+/n_in {pp) interactions, in the
energy range (Vs)=20-60 GeV, doesn't change with vs. The ratio ﬂ+/ﬂ- at the ISR
is compatible with a Py dependence such that at pTzfew GeV/c, ﬂ+[n-=1 (sea
Fig.15 a), 15 b)). These results are affected by large errors, howvever they do
not contradict our hypothesis. Up to now there are no data on this topic in
(pp} interactions at {(¥s)=540 GeV (UAl: Della Negra, private communication}.

Let us try to infer an answer from other well established results. From
data on high P jets at Fermilab and at the ISR, the leading effect should be

depressed by two orders of magnitude, when pTZB GeV/c [C.Bromberg et al. Int.
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Conf. on High-Energy Physics,Geneva{1979)p.488 and T.Akesson et al. Phys. Lete,
1188,185(1982)]. From Collider data, by 3 orders of magnitude when pT>10 Gev/c

[UAL collab. Phys. Lett. 123B8,115(1983) and UAZ ceollab. CERN-EP/83-94].

Let us consider the ratio
R=o(w). / o(jet)
Ex Er
where c(jet)E is the inclusive cross-section for the preduction of a jet with
T

transverse energy ET, and G(W)E is the cross section for the production of a

single particle with the same trznsverse energy E’I“ The values of R measured at
the ISR and at the CERN. (pp) Collider are, as mentioned above

ROPP) 15p=10 70 & R(PBIgoyyiger=10
iin the transverse energy range, above 5 GeV/c at the ISR and above 10 GeV/c at
the Collider. We interpret the above ratios as the amount of leading effect
which remains at high transverse energies. This would mean that the ratio
(ﬂ+/ﬂ-) should bé 1, in the pp range of interest te our experiment. Let us

emphasize the self consistency of the data quoted and of their interpretatien in

terms of the Xp and P dependence of the leading effcect.

Notwithstanding the above considerations, in order to see the effcct of
anomalous (ﬁ+/n-)'ratios in (ﬁﬁ) collisions we have studied the experimental
asymmetry for two values of the ratio (1T+f11')=2 and 4, in the proton
hemisphere. We have coupled these anomalous (ﬁ+/n-) ratios with the
cross-section values which are two, ten, twenty, times smaller than our
extrapolated values. The results are presented in Fig.16-33. The conclusion is
that the proposed experiment can cope with a large safery margin. In fact the
signal becomes difficult to be seen either when the ratio (U+/ﬂ-)=2 and the

. . +, - : - .
cross-section 20 times lower than expected , or {% /7 )é& and the cross-section

10 times lower. Both cases are anomalous and irrealistic.

QUESTION 6 = Whiech are the uncertanties of the estimates on the wp/hadron

rejection, given in the proposal? How can it be measured experimentally?



ANSWER 6 - Only:a carefully calibration of the apparatus in a test beam can

answer this question. We have done all we could, using known facts.

QUESTION 7 - What determines the maximum acceptance angle? Would the

experiment be possible in the range 5°-20°7

ANSWER 7 - The maximum angle is determined by:

a) the fiducial volume in which we have equal acceptances for positive and

negative particles. The angular range of this fiducial volume is 5°<B=25° for an

apparatus extending frem 5° to 30°.

L) the statistical significance we can obtain. This is linked to the total

number of events we can collect, i.e. to the apparatus angular acceptance.

Fig.34-37 show the quantities AP ana Aexp/ﬁAexp versus 870 for various cases.

A maximum in AexP/AAexP, i.e. the statistical significance of the measurament,

max

shows up in a range of 0 between 20° and 30° (Fig.34) for the case of top at

ZSQGeV/cz. In the case of superbeauty production, where lower cross-section
values are expected, an angular acceptance up to 30" is needed (Fig. 35). Fig.36
shows the case of top at 35 GeV/c2 mass. Again here gM3%220° would be

acceptable. However, if we take, for the production distribution

max

dc/dxF«(l-!xF1), the 0 at 30" is clearly safer (Fig. 37).

max 1 "

The choice of 8 =30° is in order not to be blind to "low cross-sections

and to "less" leading production mechanisms.
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Tor (25 G«V/c“‘) AND SUPERBEAUTY (55 C-rclf/c") PRODUCTION

[APT/PT = 20%]

[JL"” = 10 Pb_l] TOP VPEAK (pT =g+ aw/c)

Fig., 34
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Fig. 36
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TOP (35 Ge,V/c2> PRoDUCTION
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ABSTRACT

A proposal to scarch for new heavy flavours produced in hadronic interactions
at the CERN {pp) Collider is prosecntoed.

The proposal is based on the mecasurement of the ui asymmetry in the proton
and antiproton hemispheres. The sign of this leptonic asymmetry depends on the
"up-like" or "down-like" nature of the new flavour. For a given heavy flavour,
the sign of the asymmetry changes from the proton to the antiproton outgoing
telescopes, thus allowing an important cross-check on the effect locked for.

Cases of simultaneous production of "up-like' and "down-like" new heavy
flavours are considered, in addition to the simpler case of only one flavour,
cither "up-like" or "down-like".

The detailed description of the lepton asymmetry analyser is presented. It is
shown that, if new heavy flavours are produced with masses above the present
lTimit of 22 GeV/cz, the lepton asymmetry should be clearly observable, with the
expected integrated luminosity of 10 pbdl, even for cross-section wvalues ten

times lower than the QCD extrapolations.
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s 1. INTRODUCTION
Our ISR studies have shown the importance of the '"Leading" effect  in
hadronic interactions. These studies allow to conclude that the "Leading"
cffect has to be present, at least with the same strength, at the Collider
energies. Using this as a stavting point, we propose a1 new method to scarch for

new heavy flavours carried by baryonic and antibarvenic states, produced in the
"Leading” way and decaying semileptonically. For oxample, if a baryvon is
produced with "top” flavour, its semileptonic decay will produce an cccess of u
on the outgoing proton side,

This new method is thus based on the mcasurement of the ui asymmetry in the
proton and antiproton hemispliecres. The sign of the asymmetry depends on the
"up-like" or "down-like'" natnre of the new licavy flavour carried by the bariomic
state. An important feature of the asymmetry is that in the two hemispheres it
has opposite sign.

Several possibilities have been studied in detail: for example, we have
assumed, for the "top" mass, two values : 25 GeV/cz and 35 GeV/cz. Tihe
asymmetry varies with Pr, according to the mass differaonce between the new heavy
flavour and its nearest decay state. For the "top"” case, the nearest state is
"beauty''.

On the other hand, the Collider energy opens a region of masses which could
belong to heavy flavours above the third family. According to the present
trend, the lightest state of the fourth family is expected to be “down-like".
How far is away this new heavy flavour from the "top" miss is crucial for the ui

[hs T

asymmetry produced by the "top” and for its P dependence., Thus, we have
studied the case where "top” and the "down-like" member of the fourth family
("superbeauty") are both produced. A specific case has been considered with
"superbeauty' mass at 55 GeV/c2 and “top" at 25 GeV/cz. |

The_main parameters of the new method are the cross-section wvalues fer the

production of the "Leading”" baryons (antibaryons) and the background level.

Both points have been studied to the best of present knowledge.

7.5



402

7.6

»

It turns out that the pi asymmelry looks a very powerful tool to investigato
the existence of new heavy flavours and to establish their "up-like"” or
"down-like" nature.

The muon detector, positioned behind the forward/backward UA2 calovimet-r
consists of an diven hadron filter, tracking chambers, a system of Limiicd
Streamer Tubes for triggering, and a 3.0 Tm iron toroid. The detector cover.,
the full azimuthal angle in the polar angle intervals 5°20<30° and 150°%$02:7.°.

Muens are separated from hadrons with a rejection power of 1u AL

transverse momentun =3 GeV/c, increasing up to 10—& at pTZZD GeV/c. The

Pr
mementum accuracy Ap/p provided by the iron toreids is better than 207 up 1o
p=150 Ge¥/c. -
The detector is compatible, both for the mechanical and the trigger raue
points of view, with the UA2 detector, even in its proposed upgraded version.
Apart from its main task, relative to the new heavy flavours detecticrn. thw
proposed set-up allows the study of (uipi) pairs produced in (pP) intcractions,

and other processes where a well identified muon can be coupled to the ovent

detected in the UAZ apparatus.
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2. PHYSICS MOTIVATIONS.

The present status of our knowledge on quarks and leptons may be summarized

as follows:

Families: 1

000
000

There are very good reasons to believe that our knowledge is far from being
complete and thus the search for new heavy flavours and the study of their
family structure is one of the key problems in Subnuclear Phyvsics.

Two "theoretical™ arguments favour the need for new quarks. The
Adler-Bell-Jackiw (ABJ) anomaly cancellation requires the number of leptons to
be equal te the number of gquarks. This means that a sixth quark is needed. Its
natural location would be the "up-like" member of the 39 family, i.e. the "top"
quark.

According to SuperSymmetry, a very heavy quark with a mass in the few 102
Ge\f'/c2 range is needed in order to produce radiatively (see Fig. 1) a gluino
with a mass such as to avoid a comnflict with existing lower limits [1]. None of
the presently known quarks (s, ¢ and b} is heavy encugh for this purpose.

Apart from these theoretical arguments we should not underevaluate that
Nature has often provided physicists with more regularities than needed ({for
example the equality between the proton and the electron charges, which toock
more than three decades to be understood).

¥e propose to consider the ratio between the masses of the known heavy
quarks as & limit for the regularity in their masses. There are good reasons [2]

to consider the strange quark heavy enough to be used in cur argument.

1.7

L )



404

7.8

At present we know that:

3.5 ~ 4

n

D@, /fm )z (1.8/.5)

ii) (mb / ms} z (5.5 7/ .5)

11 ~ 10

iH

Suppose that (i) and (ii) are of general validity, i.ec.

(mc / ms) = [m{uplike quark) / m(downlike quark)] = 4 , {1}

and:

(mb / ms) [m(family N+1) / m{family N)}] = 10 . {2)

We ignore the 1%t

family (u,d) because of its very light mass. On the octher
hand, the ratios (1) and (2) would not be inconsistent with the various models
used to derive from bound states the gquark masses [2].

The validity of (1) and (2) would allow to conclude that the “top" mass is
in the 20 GeV/c2 range. This is teo light for SuperSymmetric models to avoid a
gluinc mass in conflict with experimental data. On the other hand, SuperSymmetry
tells us that the meximum number of flavours, Tes allowed in order to have a
consistent theory (for example: the unification limit not above the Planck mass)
is “f=8- This means that the maximum number of families is 4. In the theories
that ignore SuperSymme?ry, the asymptotic freedom is lost if nf>16.

What is not forbidden, in Nature, does take place. Thus, the message from
SuperSymmetry is fwofold:.

i) four families of quarks are allowed;

ii) guarks heavier than (d,u,s,c,b and t) are needed.

Formulas (1) and (2) tell us that the 4R family would have the "up-like"

~mass wanted by SuperSymmetry. In fact, using (2), the heavy "down-like" quark

{called, in the following, "superbeauty" or sb) would have a mass in the 50

GeV/c2 range:
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m(down-&thfamily) = m("supcrbeauty”) = 10 x 5.5 = 55 GeV/c~ ,

"
but, using (1), the heavy "up-like" quark would have a mass in tlie 200 Gel/fc”

range:
m(up—&thfamily)= m("supertruth™) = 55 x 4 = 220 GeV/c2

If SuperSymmetry and asymptotic freedom were Bible-like truths, this fiavour
should be the last ever to be discovered.

The four families are shown in Table I, where the main objectives of lhe
present propesal are indicated by the dotted circles.

It should however be emphasized that the measurement of the lepion
asymmetry is a tool open to the detection of any "up-like" or "down-like" new
state in the mass range above the present limits: i.e. m(heavy-flavouriz22
GeV/cz.

Let us come to a key question: if "top"” and "superbeauty" are accessible to
(pF) Collider encrgies, how tan they be detected?

Many methods are in principle possible. For example:

i} detection of a hidden state with the study of the invariant mass of the
lepton pairs;
ii) detection of an open state with the identification of hadronic cdecay
channels;
iii) study of multilepton events;
iv) study of the inclusive transverse momentum spectrum of the leptons from
semileptonic decays;

v) study of the transverse dilepton (#,v) and jets masses.

All of these methods present, in various degrees, experimental problems
reiated to small production cross-sections, low global branching ratios, high
background levels, poor experimental resclution of the gquantities mneecded to be

measured. Moreover, none of them, but (ii), is able to identify the "up-like"

7.9
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or "down-like" nature of the new flavours. However, method (ii) scems ocut of
present cxperimental reach.

We propose here a new method to observe the production of heavy mass states,

either "up-like" (Mtop") or "down-like™ ("superbeauty™) which is based on Lhe

"Leading”  production mechanism, extended to the the heaviest barvon and

antibaryou states. In  fact, duc to this production mechanism, & charge
+ - . )

asymnetry of the leptons (£ ,¢ ), originating from these heavy flavours can be

observed in a seleccted regicn of phase-space. Morever, this asymmetry will show
a pp dependence characteristic of the masses of the decaying states.

4

More precisely, the "top"” baryonic state will decay semileptomically into 2°

and produce a positive asymmetry in the outgoing proton hemisphere

- +, - L
A = (£¥ 27378t +27) = positive
The "anti-top" antibaryonic state will produce a negative asymmetry in the

outgoing antiproton hemisphere
Ay = @527/ (2" 27) = negative

The signs of these asymmetries will be reversed for the superbeauty' casc.
Fig. 2 shows the main trend of the measurement we propose.

The pp. range where to measure the Ei asymmetry, and the separation betwecen
the maxima and minima, depend on the parent-daughter mass difference in the
decay of the two new flavours. Extending the validity of the Generalizecd Cabibbo
Dominance (GCD) to the A family, the mass differences in the ''superbeaury” and

"top" decays would be:
Am = m(top) - m(beauty) = 20 GeV/c? ,

Am = m(superbeauty) - m(top) = 30 GeV/c2 .
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The Asymmetry awill change sign with increasing lepton Pr- Notice that this
GED condition, if not walid, would not spoil our method. It would shift the
lepton pp spectrum to higher values, thus making the measurement cleaner.

To check the validity of our new method, we have considered, mot only the
case with only one new [{lavour produced, but also the preduction of two new
heavy flavours, one "up-like" and one "down-like'". For this last case we have

fellowed the mass extrapolations (1) and (2), i.e.:

m("top™) = 25 GeV/c2

m{"superbeauty') = 55 GercZ.
The single "up-like" case has beeu evaluated at

m("top") = 25 GeV/c?, and

n("top") = 35 GeV/c2.
+ - . L 2
Note that present (e e ) data impose a lower limit mt222 GeV/c™.
Let wus emphasize a detail concerning the sequence of new heavy flavour

masscs. This sequence could be opposite to present expectations. 1f, for

example:

m("down-1ike') = 25 or 35 GeV/cz, and

m("up-1ike™ 55 GeV/c?

1

the asymmetry would still be there, with opposite sign and minor effects on the

lepton Pr spectrum.

As we will see in section 2.4 and chapter 5, the amplitude of the effect

depends on;
i) the "Leading" effect;
i1) the decay angular and momentum distributions;

iii) the branching ratios into semileptonic channels;

1. .
wlen
. BT -
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iv) the acceptance and rejection power of the cxperimental set-up designed to

observe the leptons produced by thiese "new” flavours decay.

2.1 THE "LEADING"™ EFFECT.

A result which was theoretically unpredicted is the "Leading" cffeet which
shows up in the production of heavy flavours.

A detailed gtudy of (pp) dinteractions at the ISR showed that the A+c is
produced in a "Leading” way [3].

After this experimental result was obtained, a scries of theorctical
proposals were presented, to account for the '"Leading" A+C production. The
longitudinal momentum distribution for A+C was in fact found at the ISR [3] to

be:
E(do/dix|) ~ (1-1x])% with o~0.

The results are shown in Fig. 3. The charmed mescn production [4] was on the

other hand measured to be "non-Leading", i.e.
E(do/dlx|) ~ (1-]x])% with a=3

This can "a posteriori' be qualitatively understood in terms of the h+c
obtained by a recombination of the spectator c-quark with a valence (ud} pair in
the proton; while the D production is given by the recombination of the
spectator c-quark with at most one valence quark [5,7]-

Figure 4a shows how the "Leading™ A+c and AOS productions compare. This
indicates that the "Leading" effect does not decrease with increasing flavour
mass. Figure 4b shows the qualitative behaviour, as a function of the flavour

mass, of the quantity (Leading/Total). This guantity will be defined in section

712 -
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2.4.5 as the ratio between the inclusive cross-section for producing Toading
baryons with flavour "f" and the total cross-section for producing the sane
flavour "f". This figure shows that, at ISR energics, the (Leacdin:/Toial)
production does not decrease with increasing flavour mass.

A more  complete summary of "charm'"  preduction  in purciy  hadsosic
interactions 1is reported in Table II [8]. There is no model which cun fit oll
measured quantities [8].

The conclusion of this short review on the "charm" flavour producticn in
(pp) interactions is thercfore:

i} the cross-section values found are at least zn order of magnitude ahove Lhe
"theoretical” predictions of perturbative OCD;
ii) the x-distribution for A+C, i.c. the "Leading" effect, was theoratically
unpredicted;
iii)  with  "new" models (essentially flavour excitation (5.0] and
non-perturbative QCD [7})} beth cress-sections values and x-dizir:ibutions

can be "'theoretically' derived.

All this should be quite a warning for QCD prediction on New licavy laveurs

production at extreme energies such as those of the (pp) CERN Collider.

2.2 NOTE ON THE SEMI-LEPTONIC DECAY MODES: GENERALIZED CABIBBO DOMINANCE.

A fact of Nature is that the matrix which relates the “down-like" "weak"

flavours "Cabibbo mixed"
d
b
c

to the "strong' flavours

7,13
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is approximately a unit matrix

d 1 0 0] d
ol

S, = e i 0 s
b 0 Q 1 b
c

as shown in Figs. 5a and 5b.

In order to extend the generalized Cabibbo dominance to the éth Family, wuo

make the following extrapolations:
i) all the generalized Cabibbo angles, even those coming from the existence of

th

the 4 family,are small;

ii) the flavour-changing neutral currents are forbidden to any order of feami 1y

iii) the amplitude for the transition from family N to family Nto has @
coefficient
I (51n81}
i=]l,u

As a consequence, the Cabibbo-favoured decay chains of flavours c, b, t and

sb are:

t*bh?c s

sb >t *h * ¢+ s.

714
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A sequence t * b ? ¢ 2 s will be accompained by the semileptonic series
. . + - + . - - — —
giving rise to £ > ¢ = ¢ | For the antiquark sequence t * b * ¢ * F, the

charges will be reversed (£ -+ 2t o £y,

2.3 CROSS-SECTION ESTIMATES.

We will try to estimate the production cross-section for very high flavour

masses using the QCD predictions from Halzen [9] for m,

on=25 GeV/c? at Collider
op

energies (otop~0.1 vb). For this extrapolation we make use of dimensionality

and scaling:
a(m) ~ (1/m2) x £(s/m2) (3)

In orxder to check dimensionality and scaling, we have used:
i) the strangeness data to predict ¢.and b;
ii) the "charm" data to predict b.
The results are shown in Figs._6—7. There is no vieclent disagreement between

extrapolated results and experimental findings.

2.4 THE STUDY OF THE LEPTON CHARGE ASYMMETRY AND ITS ENERGY
DEPENDENCE AS A WAY TO DETECT NEW HEAVY FLAVQURED STATES

(BARYONIC AND ANTIBARYONIC) AT THE (pp) COLLIDER.

The leptonic decay chains, following the generalized Cabibbo dominance, for
the various flavours ¢,b,t,sb, are shown in Fig. 8.
Once a particle-antiparticle pair has been _produced,:_on_ the .. average the-

number of positive and negative leptons from its decay is equal. However-.we will
- T Ty . P - J . P . h A - T
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discuss under which conditions an asymmetry in the number of positive and
negative leptons can be observed, due to the different longitudinal momentum
production distribution for baryvons and mesons, and to the dependence of the
lepton pp spectra from the product particle mass.

Lot us define the Asymmetry parameter as

N(ETY - N)

Neety + NeeT)

N(&~

1l

where N(£+) h(ﬁ ,pT, ) and N(27) Bcut) arc the number of positive

SPs
and negative leptons produced in the angular range 0°€B<8cut and with transverse
momentum PT'

The number of positive leptons gt is expressed by
+. + + + +
N(Z ) = L[nsb(ﬂ )+nt(2 h] +nb(ﬁ }+nc(£ )]

; R . , + . .
where L is the total integrated luminosity and nf(i 3 (with £ = sbh,t,b,c ) is
the contribution from the direct production of sb,t,b,c states.

Analogously the number of negative leptons is given by
N(ET) ="L{ng (8 )#n, (27) +n, ()40 _(27)]

The leptons originated by the decay of the various flavours and antiflavours
are summarized in Tables III and IV.

" In order to write down explicitly nf(£+) let us define:

i} UfT £ total eross-section for the production of open £,D) pairs;

ii) pr’Pﬁf;hﬂf’pEf = ratio between, the inclusive cross-section for
cit ~producing [‘M‘='meson, M = antimeson, B = baryon, B ﬁ:antibaryon ] states

with flavour "f", and the total cross section ofT ;

7%1(5
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iii) BR,, .+ ,BR==¢« ,BR_ .. ,BR 2 semileptonic branching ratio of the wvarious

M Mf Bf BE'
states with flavour f' (f' = ¢,b,t,sb) ;
i ¢t et 0t ety = : for &% ¢ !
iv) st( [‘)’Eﬁf( f‘)’ ng( fu),sﬁf( fn) = accenptance for rom the

leptonic decay of the flavour f' produced in the decay chain of the state
with flavour f. This acceptance is a Ffunction of the lepton P and of

the cut 8 < Bc applied to the lepton polar angle.

ul

Accordingly we have, for the case of "superbeautry':

o T + +
Nep(8) = 05" 1Py [BRy 4, (27 0) + BRy £, (27 )]

+ +
e BRse s ¢ 5p) * BREptHaL <t )
i

+ +
PEsn  BResp st =) + BRgptpsp(t 9 12

+ +
+szb[BRBtEBsb(E t) + BRBCEBS}J(R c

and

Asp(P ) = oy L efap [BRyzeqs, (B ) + BRg g, (0 )
s PRy Esb (4 sb) T BRypfiap (8 )]
+P§§E[BREEE§§B(R 1) * BRgzegp (4 o]

g PR pEpsp (8 gp) + BRppEpgyp (% )13

The analcgous expressions for nt(ﬂt), nb(ii), nc(ﬂi) can be easilv derived
and are not reported herec,
From the above formulae it can be seen that in order to evaluate the
Asymmetry parameter AO one needs to know:
i) the total cross-secticns dT ;
ii) the decay branching ratios : BR ;
iii) the production distributions of the baryons or mesons states and the

lepton distributions in the decays : & ;

iv) the relative fraction of baryéns and mesons : p ;

7’._1_7_
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We will now discuss in some detail the . assumptions made for these

quantities,

2.4.1 The total cross-sections.

The total cross-sections for the heavy flaveours at the (pp) Collider -(Vs=540

GeV) are taken from perturbative QCD calculations [5,9]:

=]
H

2000 uh
o, ™ 10 ub

g -~ 0.1 ub .,
where the "top" mass is taken to be m = 25 ch/cz.

To get consistent values for higher masses, for example ey = 55 Gev/cz, we

use dimensionality and scaling, as outlined in section 2.3. The result for m =

sb
2,
55 Gev/c” is

o ~ .01 ub

sbh

We will see that cross-section values even ten times lower that these QCD

extrapolations give rise to a measurable Asymmetry.

2.4.2 The decay branching ratios.

Recent data from CLEO [16] give for the semileptonic branching ratic of the

"beauty" mesons:

(Hb*ﬂi)K(Mb*all) = 0.1i3

7,18
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In our Monte Carle we assume the.known semileptonic branching ratios for

1t 121
charm :

(0>2%)/ (D*all) » 0.085 ,

(A+C+Ei)/(n+c+a11) % 0.045 ,

and the conservative value of 0.1 for all other heavier particles.

2.4.3 The producticn distributions of baryen and meson states.

The study of the reactions:

pp ®> D + ¢ + anything s
pp A+C + e + anything ,

rp Aob + et 4 anything ,

at the ISR, indicate that in baryon-baryon collisions the heavy {lavoured

baryons are produced according te a rather flat x-distribution:

(do/dx) ~ const. ,

while the heavy flavoured mesons are produced with softer x-distribution of the

type:
3
- E(da/d|x]|) ~ (1-1x])” .

These distributions will be assumed all along the following discussion,
together with the Py dependence:

T e o nooEe gy L TS L.

(dede) ~ pTexp(-Z.SpT)




416

observed at the ISR in the production of heavy flavours [17, 18].

2.4.4 The lepton decay distributions.

The data from CLEO [19] show that in the semileptonic decay of "heauty"
mesons, Mb’ the magnitude of the mass recoiling with respect to the leptons ix
very necar to the D mass:

M, * Xev , with NXNM =2.0 GeV/cz

b D

Moreover, the mean charged multiplicity of the decay is 3.5, whcre the D
contributes with 2.5 charged particles on the average. We can conclude thét,
even at values of the mass as high as the mass of the Mb’ the semileptonic decay
procecds via a 3-body decay. On the contrary, the mean charged mulciplicity in
the hadrenic decays of the Mb mesons is 6.3, i.e. the hadronic decay of the Hb
produces, on the average, one D plus four charged particles plus two neuntral

particles:

M+ D+ 6-bodies .

In the following we will assume that the total multiplicity of all
semileptonic decays is 3 and the decay is K23-like for mesons and phasc-space
for baryons, while the total multiplicity of all the hadronic decavs have the
known values for "charm” and "beauty' (~3 for "charm", ~charm+é for "beauty"),
and, for “top" and "superbeauty”, the same multiplicity as "beauty".

It should be noted that this is already a conservative hypothesis, since the

" 1t

hadronic decays of "top" and 'superbeauty" can be expected to produce more
particles than "beauty". Higher values of multiplicity would dump the leptonic

spectra of unwanted processes. The genuin asymmetry will thus remain unaffectod.
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2.4.5 The relulivegyicld of meson and baryons.

From th. <ita on strouseness production at the ISR, it can be assumed that,

in (pp) col®’ fons the feliowing reactions dominate { L and C indicate "Leading"
and "Centro craducticnd

LY poo, t . + (. . .+ anything = {N.;B

() pypy ‘Central ¢ nnddkng)l any g = (MgiBpyd s

.
I

(L} pypy (Jhnuding)Z

) WUQHETQJ + anything = {NC;BL2} ?

N \
() PPy JCentral + liCentral

+ anything = {MC;HC}
In (pp3 collisions, due to the +the presence c¢f an anti-flavoured
antibaryonic state, anothey leading reaction can occuy

Cr PSS
(L) Pibs “Central T
(L

jLeading)2

{MC;BLl} R

{38y ,1

Leading)l + anything

[H]

- B .
(L) Pybs “Central + anything

+ anything = {BLl;BLZ}

(1) PPy 7 LBLeading)l + (BLeading)Z

5 Lo R : = N
(€3 PiPy * ontral * oonrray *oAnything = {MgiMed
The indices [1,2} are redundant in the (pP) case and will be omitted from now
on.

The ratis between the inclusive cross-sections for producing the four

classes of parcicles NC’ EC‘ BL and EL and the total cross-sections are:

fey LT Y T
Py = {GlJC;BL}+U{HC;hC}] /e,
= = T
— = fve - -
pH Iak-‘csBL}*‘g{chilc)l / a »
_ PrE. .o T
PR = [c{JC,BL}+c{BL,BL;] /e,
T

pg = 1ol Bpy+o{B B 3] / o
with:

on = ol ;b ) +o{MyiBy Jro (M8} +o(By By}

B e s s e vl 0 B e vn e S SRR o sl v R ARG TR
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Notice that the rat¥o (Leading/Total) = pp = pg-
At ISR, in each hemisphere, the ratio (Leading/Total) is ~ 1/16 for
strangeness and ~ 1/8 for ''charm". In our discussion we will study the

behaviour of AO as a function of {Leading/Total).

2.4.6 Estimates of the Asymmetry AO.

In order to estimate the lepton Asymmetry parameter AO, wie have considered
the case: leptoﬁ £ muon.

The angular and momentum distributions of the muons have been evaluated by
means of a Monte Carlo simulation, with the conditions set in the previous
sections. PFigures 9a to 9d shows the angular distribution of the muons from the
primary decay of "superbeauty", "top", "beauty" and "charm" [ baryon and meson
states ]. For further reference, also the distribution of muons from the decay
t+buv with m =35 GeV/c® is shown in Fig. 9e.

For the ''superbeauty" case, a choice of Bcut=30° gives a good acceptance for
the detectien of muons from baryons, which contribute to the asymmetry, while
keeping low the acceptance for mucns from mesons, which destroy it.

Figures 10a to 10c show the (8 wvs pu) ‘plots for muons coming from the
"superbeauty" (m_y =55 GeV/cz), "top” (m =25 GeV/cz) and "top" (m =35 GeV/cz);
all being baryon decays.

The detection acceptances & have been computed for 35 values of GC

ut

(Bcut=10°, 20°, 30%, 40° andr90°) as will be seen in Figs. 14 and 15.

+
Figures 1la to 11t show the Y~ acceptances for Bcut=30° for baryons, mesons
. + .. .
and antimesons. The acceptances for Yy~ originated by the decay of antibaryons

are, of course, negligible, because of the central nature of the producticn

mechanism.

Fig. 12 shows the behaviour of AO(pT,30°), for (Leading/Total)=0.25. There
are two main peaks, one positive around p,=10 GeV/c, due to the "top" baryon

decay into u+, and one negative around_pT=197GéV/c; due to "superbeauty" baryon

decay into u .

¥
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It is interesting to note that the scparation between the two peaks depends
only on the mass differences in the scmileptonic decays of "superbeauty' and
“top" states. In fact, in the 3-body semileptonic decay, the transverse momentum
spectrum of the muons scales with prﬂm, where Am is the difference betwron the

parent mass and the mass of the hadronic particle produced in the decay. This i

shown in Fig. 13 where the normalized prﬁm spectra of the muons produced i the
dacays
i} Aosb -+ A+L uowv :
iy A % w e
iii) Aob -+ A+C u+ v 5
vy A - wt e

are reported.
The mass differences Am have the following values:

i) Am = m(AOSb) - m(A+t) = 30 GeV/c2 for the "sb" baryon decay ;

It

ii) Am 19.5 GeV/c2 for the "t'" baryon decay ;

n

n(A*) - m(AOb)

mfhob) - m(A c) 3.2 GeV/c2 for the "b" baryon decay ;

i}
n

iii} bAm

1

vi) Am = m(A+C) - m(AOS) 1.2 GeV/c2 for the "c¢" baryon decay ;

The amplitude of the two peaks, for "tep" and "superbeauty', as & function
of 0 . and (Leading/Total), is shown in Figs. 14 (Mtop")  and 13
("superbeauty"). The strong difference in the longitudinal momentum production
distributions between baryons and mesons does produce a charge asymmevry which
reriains high, even with low values of the ratio (Leading/Total). We will assume
a value of (Leading/Total)=0.25 in most of the graphs , showing the expectoed
asymmetry versus different parameters . However the way in which the asymmetry

changes with the quantity (Leading/Tetal) is easily derivable from Figs. 14 and

15.
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3. THE ATPARATUS.

A layout of the proposed apparatus is shown in Fig. 16.

The apparatus has been designed with the limitations imposed by planned Ua2
extensions and by the cﬁperimental hall. This leads to some compromises bueing
necessary on the background level in the experiment, in the efficiency of the
trigger, and in the momentum resclution, but it does not affecl the general
feasibility of the experiment. IHowever, the following points had to be borne in

mind in the planning:

* The effect on the precision of the incident track and the smearing of the
incident track direction by multiple scattering.
* Energy lesses, leading to a reduction in momentum at the magnet.

* Background from decay of 7 and K.

3.1 THE UA2 CALORIMETER.

In this section we will give some relevant parameters of the UaZ Javon:
before describing the lepton asymmetry analyser.

In the forward/backward direction they consist of a pre-shower converter
which has a negligible effect on muons, an electromagnetic detector of 20
radiation lengths and a hadron calorimeter of 57 radiatien lengths. The space

available for our apparatus starts at 330 cm. from the interaction.

. E A S
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3.2 THE HADRON ABSORBER.

Since there is still an appreciable rate of pion punch-through from the UA2
apparnatus  and to avoid putting a magnetic field immediately by existing
photonultiplicr bases, we place 60 cm of non-magnetized iron-close behind the
hadrou calorimeter. Two drift chambers are incorperated for defining the
incident muon direction and for recognizing interactions. The absorber is
followed by an aiv gap and a third drift chamber to obtain a good lever arm for
the track direction entering the magnet. It will be possible to displace this
part of the apparatus, mass approeximately 85 tons, along the beam line by the

length of the air gap so as to give access to the UA2 calorimeter electronics.

3.3 THE IRON TOROID MAGNETS.

Homentum analysis around each outgoing beam direction is made with two
toroidal magnel asscemblies. Each of these is made of five circular iron plates,
30 cm thick and with radii wvarying from 3.0 to 4.0 metres. The plates are
separated by 10 cm spaces in which we insert planes of Limited Streamer Tubes.

The design paramcters of each magnet assembly are:

Field 20 X gauss

Weight 450 tons

Power 500 KW.

Windings Two Cu windings, water codled, common to the

five plates.

Resolution ~14% Ap/p (limited by multiple scattering).
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3.4 THE TRACKING CHAMBERS.

Two types of chamber are used: Limited Streamer Tubes, LST, for selecting
transverse momentum in a fast decision logic and for coarse tracking in the
magnet to avoid ambiguous momentum measurements; Drift Chambers, DC, for final
reconstruction to provide more accurate measurements of the idnecident and

emergent track positions and directions.

3.4.1 Drift Chambers.

Each of the first three chamber planes provides three measurements in the
directions x and y. The fourth chamber, fellowing the magnet, is double this so
as to give the exit point of the track and a sufficient information on the
emergent track direction. Space limitations prevent increasing the lever arm.

The characteristiecs cof each drift cell (Fig. 17) are:

Track length sampled 3 cm

Cell width 6 cm

Cathode Voltage -6000 V

Field wire voltage -1000 V

Field wire diameter 100 um

Sense wire diameter 20 um

Sense wire field 330 KV/cm(*)

Typical drift field ~1.5 KV/cml

Average drift velocity 47um/n5ec(*) (Ar/CO2 90/10)
Spatial resolution T 3060 um(*)

Read-out channels 5800

The quantities marked with an asterisk have been calculated with a Monte

Carlo program written by J. Va'Vra at SLAC [20]. Imn particular the spatial

L
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,.,_1;‘1 . B T Y S e b e eendd ) e o e T e e s Rl i e S s g L el et e L L S dnhgie o Y



T 423

resolution obtained was 100 um. We estimate however that systematic errors will
worsen it to the quoted valuc.
Elimination of ghost points will be achieved by charge division or by dulav

line read-out, but, if possible, by extrapolation of the LST informaticn. This

point is being studied.

3.4.2 Limited Strecamer Tubes.

The construcion will be of 1 em square PVC tubes with high resistance
cathodes. The read-out system will take full advantage of the propoerties of this
type of twbe which allow read-out by external pick-up electrodes whose shapas
are independent of the wire configuration.

Before the magnet, there is a pair of chamber planes with orthogonual wires,
and their pick-up electrodes are concentric circles centred on the beam line so
that the electrode number directly measures the muon productio: angic
Corresponding electrodes on the twe planes are connected in OR configuration for
the fast trigger to remove most of the 14% inefficiency which is caused by the
side walls of the tubes.

Following the magnet is a ngilar pair of chambers so that the difterence i:
radial electrode position between the first and last chambers gives the magnevisa
deflection.

Tube planes within .the magnet will be fitted with rectanguler or
sector-shaped read-out fads with analog read-out to detect interactions in the
magnet and to reduce ambiguities.

On each plane of the first and fourth chambers, .there will be 116 anular
electrodes, each divided into 12 azimuthal segments; giving -a téta] of
approximately 11000 data channels for this t&pe of chambers. -The pick-up pads

will require a similar number of electronic channels.




424

‘ 4. o IDENTTIFICATION.
4.1 u/m REJECTION.

A basic level of decay muons and punch through pions emerges from the UaAl
apparatus. As described previously, 60cm of iron is placed immediately after the
UAZ calorimeter to remove residual hadrons before they decay.

Background muon rates from pions and K have been calculated in two steps. ln
the first step, a decay and hadromn shower Monte Carleo [21] has been uscd to {ind
the background from m and K of fixed energy. Two groups of muons show up in the
simulation: muons of the full energy range from decay in flight; muons from
decay during the hadron shower development. The latter group has an onergy
spectrum scaled down by 30% relative to the decavy spectrum. Approximately equal
numbers of muons in the two groups were sufficiently energetic to penetrate te
the end of the torecid.

In the second step of the calculation, the single particle distributions
from the UAl results [22] were used with the results of the first step (scaled
proportional to energy) to obtain the muen flux in cur apparatus as function of
Pr- Figure 18 shows the ratic of background muen flux to parent hadron flux as o
function of Py afrer integration over the apparatus.

The total rate of muons penetrating to the end of the magnet, withour any
cut in Br is 1 muon/300 interactions. The effect of this background on the

asymmetry parameter is given in section 5.2.

4.2 MOMENTUM RESOLUTION.

The influence of chamber resolution and mulriple scattering on the muon
momentum measurement has been simulated with a Monte Carle program, for the
configuration of the magnetic spectrometer shown in Fig. 16. The main detector

parameters relevant for this study were:

1928

43
&
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* calorimeter thickness in radiation lentghs @ 74 X,

* iron abserber thickness in radiatiou lengths: 34 X,

* magnetized iron (toroid) thickness in rad. lengths @ 85 X,

* magnetic field inside iron : 20 KG

* single wire overall positional accuracy for drift cligmbers in front of and

belhind the toroid : 300 um

* distance between the two chambers in frout of the toroid: 80 cm.

The range of muon momenta under study was determined by the angular
acceptance of the spectrometer (5°€0<£30%°) and the transverse momentum (pT)

interval where the maximum asymmetry effect was expected for muons from 'top"

decay. Assuming a "top" flavour mass of 35 GeV/c? and the preduction plus decay
distributions discussed in section 2.4, the relevant pp range is 4+15 GeV/c
(p=8*172 GeV/c), as shown in Fig. 10c. Muons were generated in the Monte Carlo
with po=4, 9.5 and 15 GeV/c and 0=5,10,20,30°.

The contributions from ionization, bremsstrahlung, pair production and
nuclear interactions to the mean total encrgy loss of the muon (see Figs. 19a,b)
inside the calorimeter, the first iron absorber and the toroid were taken into
aécount {23]}. Fluctuations around the mean value were then allowed according to
a Landau distribution. Yor multiple scattering, the gaussian approgimation was
used [24].

The momentum determination was based on the measurement of the ingoing muon
angle B, provided by all the drift chambers placed before the toroid, and of the
exit point of the mmon track, obtained by extrapolating back to the toroid end
face the outgoing track fitted in the planes of the last drift chamber. The
information from the LST planes inside the toroid was not uséd for track
fitting.

The results of our simulation are expressed in terms of the muon P
accuracy, which is relevant for the charge asymmetry meagqrement.' The ApT/pT
resolutigh values given here arc the r.m.s. relative to the digtributicons of

the quantity
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i p (p encergy loss correction)] / p

+
measured

gonerated generated
obtained in the !Monte Carlo. The enecrgy loss correction refers to tlhie toral
momentum degradation of the particle before and inside the toroid. Since these

distributions are unot gaussian, if the FWHM/2.36 is used instcad of the r.m.s.,

o

the improvement of the guoted resolution is ~2 %. The behaviour of the
transverse momentum resolution as a function of the total momentum is shown in
Figs. 20a to 20c for fixed P values of 4.0, 9.5 and 15.0 CcV/e, respéctivcly.
For each wvalue of Prs the effect of the drift chamber intrinsic reseluticn o

DC

was studied. The curves shown in Figs. 20a to 20c¢ correspond to g =300 and 6060

D
uwm, respectively. The expected value of the proposed drift chamber system is
~300 um. In this case the P resolution cobtained in the whole momentum ranse

2
relevant to the asymmetry mecasurement is better than ~20%. When UDC=6OO um, the
resolution exceeds 20% only at pT=15 GeV/c for p>75 GeV/c.

The uncertainty on the vertex determination wlien tracing back the muon track
to the origin wés also studied. Examples of Ax, Ay, Az distributions,
corresponding to pT=9.5 GeV/c, 0=10° and GDC=3OO um, are shown in Figs., 2la to
2ic. The error on the vertex coordinate along the colliding beams direction (v)
is ~11 em (the jitter of the interaction pojint in the Monte Carlo genecration was
10 cm), while the errors on the transverse coordinates are ~1.5 cm. The

boundary values of the errors at the vertex in the Pr and 8 region considered in

our exercise, are 10.5t17 cm along v and 1%6 cm along x or z.
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5. ESTIMATE QF THE ASYMHMETRY PARAMETER IN EXPERIMENTAL CONDITTONS.

5.1 THE EFFECT OF THE ANGULAR CUT.

We have alveady slown in Vigs. 9a to 9¢ the zugular distributions of the
muons eriginating from the semileptonic decavs of the heavy-flavour particler,
as they are computed by our Monte Carlo.

When taking into account the lower cut in the angular coversge of  the
apparatus described in chapter 3, 8253°, the acceptance for muons from baryon

decay decreases very much for low quark masses. This is due both to phasc-space

limits - the maximum A of the baryon decreases with increasiug quark mass - and

to the transverse momentum of the muon din the decay - it deercases with
. . 0 -

decreasing quark mass. Figure 22 shows the Asymmetry A~ computed with the

angular cut 5°$8=30°,
By comparing Figs. 12 and 22 it can be scen that the 623° cur mabkes
disappear the asymmetry at low P due to charm and beauty, and decreases by a

small amount the asymmetry at higher p. due to "top" and "superbeauty'.

5.2 THE BACKGROUND.

In what has been described so far, the background contamination in the
sample of prompt muons has not been considered. As discussed in capter 4, the
background is ﬁainly due to muons proeduced by w and K decay. This contribution
can be computed from the inclusive pion cross-section as measured by the UAL

experiment [22], using the fit to their data:

E(d%0/dp”) = axp™/ (pgtpp)" (4)

with A=0.37%0.06 mb c’ GeV 2, 'py=1.3£0.18 GeV ¢~ and n=8.99%0.15.
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Formula (4) is.relative to charged hadrons . {averaged over the two charges)
and is given in unit of rapidity. The rapidity interval over which we

integrated the background is given by the angular acceptance of the apparatus:
5%€0290% » Ay = 1.8.

The extrapolated background rate should be multiplied by thie rtejrction i
the experimental apparatus, given in TFig. 18.

another source of background, which will be discussed later, is the prompt
muons SoUrces éther than open heavy flavoured states i.e. Wi’ Z°. It will be
shown that this kind of background is relevant only above very high valucs of P
(pT > 20 GeV/c).

Due to the background source previously described, the cxperimental

Asymmeiry parameter is given by:

(N )y ()] - [NGeTIHN ()]

AP (pr.8 ) =

cut .
[N(e+)+Nbg(e+)} + [N (eT))

+
where Nbg(e“) is the number of background muons.

In order to have an estimate for the experimental errors on AV, we assume
a total integrated luminosity L=1C pb-l, i.e. 3000 hours of running with a
luminosity 1=10°° cm™? sec™L,

Figure 23a shows, for the case of simultanecus production of 'iop" (25

Gevfcz) and "superbeauty" (55 GeV/cz),'the expected number of produced muons as
a function of Py Sﬁpérimposed is the ceomputed background.
Figure 23b shows the plot of A®*P as a function of Pp- The errors arc

purely statistical.

FoY
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5.3 THE MOMENTUM RESOLUTI1ON.

We have studied the amplitude and the position of the peaks din the
exporimental asymmetry A®*P as a function of the finite momentum resclution of
the proposad appavatus.

The results are shown in Figs. 24a and 24b for the '"top” peak, and in Figs.
25a and 25b for the "superbeauty” peak. The smearing effect of the momentum

resolution decreases the absolute amplitude of ASFP

and shifts the peaks upward
by a relatively small amount.
Figures 26a and 26b show the number of events and the experimental asymmetry

as a function of p.., for a momentum resolution Ap/p=20%, as expected in the

proposed apparatus (see secction 4.2).

5.4 CTHER HYPQTHESES ON THE NEW HEAVY FLAVOUR MASSES AND ON THE

PRODUCTION CROSS-SECTIONS.

With our tonte Carle program, we have tested the capability of the proposed
apparatus to cope with different heavy flavour masses and with lower cross
sections for heavy flaveur producticn.

We have repeated our analysis turning off the "superbeauty" signal and using
two assumptiogs for the "top" mass:

i) mt=25 GeV/cz, as in the previous énalysis;

i1)'m =35 Gev/c”.

The cross-section for a 'top" mass of 35 GeV/c2 » 0,~0.05 ub, is the result
of extrapolation using the same method as the one outlined in sections 2.3 and
2.4.1.

Figufes 27ataqq 27b, 28a and 28b show the qumber of expgcted events and tlhe

experimental asymmetry A%*P for case (i) and, respectively, (ii).
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The effect of different cross-section values has been studied for the three
hypotheses:
i) mt=25 Gercz, msb=55 GeV/c2 {simultanceus production of two flavours);
ii) m =23 GeV/cQ, no "superbeauty” (only one flavour);

iii) m =35 GeV/cZ, no "superbeaunty” {only one flavour).

The wvalues of the experimental Asymmetry peaks and the statistical
significance of the measurements for the three hypotheses indicated above |, are
reported in Figs. 29 to 32: the experimental asymmetry remains mcasurable for

values of the heavy flavour production cross-sections even a factor ten lower

than those expeccted from QCD extrapolations.

: + +
5.5 EFFECTS FROM Wioutv AND Wr-tb>LvX.

As it is well known, the direct leptons from Wi have a pronounced asymmetry
which is opposite te the one we are looking for in the case of "up-like"
baryonic and antibaryonic states. A detailed calculation shows that the maximum
effect expected from the Wi*uiv decay does not exceed the 10% level with 50%
efficiency for Wi identification in the UAZ central detector.

As nothing is known on the process wi+tb*2ux, we assume that all the leptons
it produces behave similarly to the direct leptons from Wi. We can evaluate an
upper limit to this effect if we know its total cross-section. Various
estimates exist in the literature: for example, with a "top" mass m, =40 GeV{cZ

and for leptons with pT>10 GeV/c:

il

B(W*tb*EvX)xcw 36 pb (ref. [26));"
B(W“’tb’*f.vX)xcsw = 29 pb (ref. [27}).
- From the above figures we can conclude that the background from this source

+
is at most one half of the background from the muons' directly produced by W™.



431

6. TRIGGER LOGIC AND TRIGGER RATES.

The maximum trigger rate which is acceptable to the UA2Z data acquisition
systew is 1 Iz and the decision of whether to accept or reject an individnal
evant must be reached within a time delay of 1 usec. This can be done by
applying a cut in P around 2 GeV and this cut must be made with little loss in
cfficieney above pT=5 GeV/c where the interesting events lie. Clearly any system
which requires a wire-by-wire recad out is excluded. What is needed is a2 fast
parallel logic

As indicated in the LST description, a suitable method is te make
coincidences between one circular strip of the first chamber with a suitable

group of circular strips in the last chamber.

6.1 TRIGGER RATE WITH PERFECT SELECTION.

To evaluate the trigger rates, the ISAJET Monte Carlo [28] was uscd 1o
simulate event production at the pp Collider at 540 GeV. Each track produced in
the angular intervals 5°<8<30° and 150°<8<175° was then followed through all the
épparatus using a Monte Carle [21] in which particlies are allowed to preduce
showers and to decay; energy loss and multiple scattering are taken into
account. The average number of particles reaching the toroids was evaluated to
be .08 per event on each side. All particles traversing the toreoids were found
. to be muons mostly prodiced by the decay in flight of primary parpiclcs in.the
central detector aﬁd _bartially by the decay of particles produced in the
hadronic showers inside the calorimeteré. Trigger rates were estimated for a
luminosity of 1030 <:.m'—2 secnl for different pp cuts on particles traversing the
toreids. In Table V the 96% C.L. upper limits for the trigger rates are given.

Trigger conditions are defined for each side of the detector and the rate is

given by the OR of the two sides.
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6.2 DESIGN OF TRIGGER CONDITIONS.
The Monte Carlo results were uscd to find out the strip correlations hietiwoorn
the first and the last chamber planes. Particles produced at a fixed amgie od

fixed transverse momentum were tracked through one strip of the first i and
through the last plane. The radial spread on the back plane to be aceeptel Yo
100% efficiency at that P and angle was thus determined and is show: 1. Zi:.
33. We use the curve for pTZS GeV/c in our design.

In the next step, these strip coincidence configurations are assumwed fixed
and the acceptance for lower values of Py wWas determined using the same prosron,

Figure 34 shows the results. For example, at 0=5°, p.=2 GeV/c, the efficionsy is

T
30% . The important point is that full efficiency is reached for pT25 Gevleo A
more detailed simulation is to be made when the design is made final.

The best way to realize the hardware coincidence conditions i= B
studied. Each strip-sector of the first plane has to be put in coircidence witl

between 3 and 20 sectors of the last plane, and the OR of all coincidencen mint

be taken.



7. COSTS AND TIHE

A estimate of costs is shown in the table balow:

SCATLE

433

KSP'r KS¥r.
Hagnet 2000
tagner chariots 1000 4400
Preabsorber and chariots 400
Drift chawmbors Construction
Supplies 1300
Read Electronicé 3050
Cables
Mechanical supports 250
TDC system 1500
5T Construction GO0
Pads 200
Mechanical support 200
Head electronics (pads) 680 2800
Head electronics (x,y,sirips) 200
Trigger and read-out 620
Cables 300
General fast electronics 250
Crates and Controllers 360 330
TOTAL 10800
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The forescen time table for the experiment is as follows:

1984

1984-1985

1985

delivery,

1985-1986

1986~1987

7.38

Full design of the various parts of the apparatus and in
particular of the iron absorber and the toroid; tendering
and contracts.

rototypes construction and tests for DC aud LST.

Complete desdign and construction for DC and LST; material

Calibrations.

Final assembling.
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TAHLE T.
The four families of quarks and leptons.

The dashed circles indicate the main objectives of this proposal.

Families: 15t zﬂd rd th

Quarks: 4 c S .
tallt it

d) 5 b r'&‘.,_}‘)

Leptons: v Vv v v, -
=4 u T n

( a M T ) I‘H

.41
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Experimental findings versus

FE
J

TABLE I1.

"charm" production.

theoretical predictions for

experiment models
diffractive! flavour fusion
excirtation
Leading ves yes yes neo
effeoct
threshold steeper In s steaper >> steeper
. 2 2 2
behaviour then Iln"s than 1n"s than In7s
7 2 t
mass ? 1/m sStronger >> stronger
3 2 2
dependence than 1/m than t/m
cCross large large large small
Section
o we
A e<273 ) w=2/3 a=1 a=
dependence

() The p; dependence is derived from data on strangeness.




TABLE TIT.

. . -+ -
The heavy-{lavour decay clhiains producing £ and £ .

. . + . -
Flaveour Decays producing £ Decays producing 2
. + -
= sb > 1~ b + 2 sh > ¢ + ¢
4+ -
sh*t~+b~*c~*s + ¢ sbh *t *b ¢ + ¢
+ -
t t > b+ 2 t*h e+ 2
+
t*b+ec*s +
+ -
b bh=*¢c=>5s5 + 2 b+ c+ ¢
o c *s 4 2
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TABLE TV.
. , : + =
The heavy-antif{lavour decay chains producing 2 and ¢
) . . -+
antiflavour Decays producing % Decays producing 2
[ — - + —_ - — -
sD sb > ¢ + ¢ sb * t * b + ¢
—_— - = + -
sb ¢t *bh~+c+ ¢ st *b*c s
- _ _ _ + _ N -
T t>*bhb e+t t * b +2
t > b~+c~5+0
b B¢+ 8 B~c~5 4+
c <+ 5+ 2




90% C.L. upper

TABLE

limits

V.

for trigger rates.

Trigeer
Lo

Rarve (Hz)

no pp cut

o
=
I

2 Gev/c

z 3 Gev/c
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Figure captions.

Fig,.

Fig.

Fig.

7,46

]

The diagram illustrates how a gluivo can acquire a mass  from

radlative precesses, twhere a4 spin 1/2 quark and a spin O antiquark
2 L2
are virtually produced. The quark mass must be in the 107 GeVl/e
<
range, in order to allow a gluino mass of the order of a few Ge¥/c™.

Main trend of the muoen charge Asymmetry in the proton hemisphere (o)

and in the antiproton hemisphere (b).
- . . , . . . +
Experimental lengitudinal momentum distribution of A c

N
a) A c and hos leading effects compared.
L) Qualitative behavicur of the quantity (Leading/Total} as a

function of the heavy flavour mass, at ¥s=62 GeV.

a) The six quark mixing with CP viclatien. SiZSinﬁi, Cizcosﬂi.

b) Transitions amcong the various states. The Cabibbo dominance
opens the dashed chiannels. The horizental transiticons are forbidden
for any value of the mixing angle. Allowed nentral currents are: uy,

cZ, ti, dd, s3 and bb.

Charm cross-section derived from strange cross-section following

formula (3). The data are taken from refs. 10, 11, 12 and 13.

"Beauty" cross-section derived from strange (full line) and "charm"
{(dashed 1lines - notice the width due to the experimental
uncertainties) cross-sections following formula (3). The data are

taken from refs. 14 and 15.
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Fig
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Fig.

Fig.

Fig.

i0

11

1z

13

Diagram lllustrating all possible electric charge signs of the muons
originating from the semileptonic decay of the flavours ¢, b, U and

sh, and the corresponding anti-flavour states..

Angunlar distribution of the muons from the semilepltonic decoav:.:

a} sbrtuv;

b)Y tobuv;

c) bropv;

d) cr¥suv;

e) trbuv (mL=35 GGV/CZ)‘
The full lines refer to baryon states, the dashed/doitcd lines vo
meson states.
The dotted vertical lines indicate the angular acceptance of the
preposed apparatus (see chapter 3).
The spectra from baryons and mesons arc neormalized 1o & rialio

{Leading/Total)=0.25.

0 vs. Py plots from the decays:
a) Aosb+ﬁ+tu-u ;(meZSS Gov/cz);
b} A+t+A0buTv ;(mt=25 Gev/cz);

o

) A+t+A LY (m =35 Gev/c?) .

(a) to (t): Acceptances £ for the various states and decay chaius.

Plot of AO(pT,B > as a function of Pr- The walue assumcd for the

cut

angular cut and for the ratic (Leading/Total) are:
— 0.
Bcut = 30Y;

{Leading/Total) = 0.25.

The heavy flavour masses are taken to be: mt=25 Ge\-’,’c2 and mgh:SS

Gev/c?

Normalized (pf{ﬂm) spectra of the muons from the decays:

443
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ig.

ig.

Fig.

Fig.

16

17

18

a

+ - A N
A b A (M (msb—aa GeV/jc™ ),
+ o+ 2
A ¢ + A LH Y (mt=25 GeV/e™)

0 T
A e A KoV
h+‘ e ho_u+v.

c 5

The Am values relative to the four decays are indicated.

O - r "t - -, ._
Plot  of A7 (p/=10 GeV/e,B . ) ("top" peak, m =25 Gebja:

function of (Leading/Total) for differcent values of Orut'
0 1 T - . P

’ = ! -y vak =55 (.07 as

Plot of A (pT 19 Gek/c,Ocut) { "'superbeauty’ peak, m =55 ¢

a function of (Leading/Total) for different values of Gan'

Showing a schematic side view of the experimental apparatu:.

CD and FD are the central and forward detectors of UAZ ;

DC are the drift chambers for momentum measurement;

ST are the Limited Streamecr Tubes with pad read out for LT i erin.

BF is the iron hadron filter;

IT is the iron toroidal magnet.

Also shown is the mobile UAZ platform.

a) The equipotentials map of a drift cell is shown. Twe sers of
seven guard wires define the cell. The middle plane contains seves
wires: four field and three sense wires alternated. The three sopsc
wires are staggered by #3500 um relative to the ficld wire plane to
resolve left-right ambiguity. |

b) The drift of electrons generated by a track and reaching uires:

2(sense), 3(field), &4(sense).

The ratio of background muons to parent hadrons as function of Pre

and integrated over the angular accoptance of the apparalus.



- L= 4

TFig. 19 : The meain QUergy loss of muons in iron (I=ionization,
B=bremsstrahlung, P=pair cveation, N=nuclear interaction). The

horizontal scale refers to the muon kinetic energy. [{a):dilferent

contributions to the mean ecnergy loss, (b):total mean encrgy loss].

Fig. 20 The muon transverse moementum resclution as a function of the total

- - - - +]
momentum, for p.,=4, 9.5 and 153 GCeV/c, 5%<0<30° and two wvalues of

1

drift chamber resolution.

Fig. 21 : Distributions of the reconstructed vertex coordinates transverse to
the beams dirvection {{a):DX and (b):DZ] ang along the beams
direction [{c}:DY]. The vertex jitter along ¥y was %10 em in the

Monte Larlo gemcration.

Fig. 22 : Plot of AY as a function of Pr in the angular acceptance defined by

the apparatus (5°<0<30%).

+ . - .
Fig. 23 . a) Expected number of produced u (black points) and u (white
points), as a function of P and for an integrated lumnocsity of 10
pb_l, with the conditions sct in the text and for mt=25 GeV/c2 and

m_, =55 GeV/cz. The estimated background for each charge sign is

sb
indicated by the full line. The errors are purely statistic.

b) The expected asymmetry A®*P as a function of Pr

Fig. 24 ; a) Position in pr of the peak of the experimental Asymmetry coming
from "top" _(mtﬁZS GeV/c2) decay as a function of the momentum
measurement error Ap/p.

b} Absolute wvalue of the A®*P peak position given in (a) as a

function of Ap/p.

b
(%]

Fig. Same as Fig. 24 for "superbeauty' peaks (m5b=55 GeV/cz).
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

27

30

31

32

33

34

Same as Fig. 23, with the smearing in P due to the expected

momentum reselution Ap/p=20%,
2 ;
Same as Fig., 23 for a "top' mass mt=25 GeV/c™ and no "superbeauty’.
Same as Fig. 23 for a "top' mass m =35 GeV c2 and no "superheauty’,
g p L : 5

a) "Top" peak experimental Asymmetry amplitude;
by statistical significance of the measurement.
Both quantities are plotted versus the production cross-section for
the hypetesis (i) defined in the text (simultaneous preduction of
"up-like" and "down-like” flavours). The curves correspond to a Pr
integration in the interval specified in the figure. The arrows

indicate the cross-sectien value used so far (see section 2.4.1).

Same as Fig. 29 but for "superbeauty' peak (simultanecus production
b y P

of "up-like" and "down-like" flavours).

Same as Fig. 29 but for hypothesis (ii} in the text (only one

flavour produced).

Same as Fig. 29 but for hypethesis (iii) in the text {only one

flavour produced).

Number of circular pads in the last LST plane projected by cne pad
iri the first LST plane as function of @ and pp of the muons. This

number corresponds to full efficiency fer y of both charge signs.

Trigger efficiency vs. 0 for different wvalues of pr, for a trigger

configuration 100% efficient at pTZS GeV/c.
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I1i-8. "The problem of new heavy flavours: top and superbeauty"
Proc. of the XXI Course of the Ettore Majorana
International School of Subnuclear Physics: "How far
are we from the Gauge Forces" (Plenum Press Inc.,
New York-London), Erice, August 4-13, 1933.
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Proceedings of the XXI Course of the
Ettore Majorana Intermational School
of Subnuclear Physics, ERICE, 1983:
"How far are we from the Gauge Forceg”
(Plenum Press Inec., New York & Lendon)

3 - 14 August 1983

8 = THE PROBLEM OF NEW HEAVY FLAVORS:

TCP AND SUPERBEAUTY

A, Zichichi

Cern
Geneva
Switzerland

1. INTRODUCTION: FROM PAST KNOWLEDGE TO FUTURE POSSIBILITIES

The present status of our knowledge on quarks'and leptons may be
summarized as follows:

Families: lst 2nd 3rd

Quarks: (3 ) (:) (;)
(%) o) G

There are very good reasons to believe that our knowledge is far
from being complete and thus the search for new heavy flavors and the
study of their family structure is one of the key problems in Sub-
nuclear Physics,

Let me quote two "theoretical" arguments in favor of further
needs of new quarks. The ABJ anomaly cancellation requires that the
number of leptons be equal to the number of quarks. This means that
a sixth quark is needed. Its natural location would be the up-like
member of the 3rd family, i.e. the “top" quark.

According to Supersymmetry, a very heavy quark with a mass in
the few 102GeV/c? range is needed in order to produce radiatively
(see Figure 1) a gluino with a mass such as to avoid a conflict with
existing lower limits[l]. None of the presently known quarks {s, ¢
and b) is heavy enough for this purpose. :

8.1



490

8.2

q bspin 5]
gluino

gluino

gispine)

Fig. 1. The diagram illustrates how a gluinc can acquire a mass from
radiative processes, where a spin }2 quark and a spin 0
antiquark are virtually produced. The quark mass must be in
the 102 GeV/c? range, in order to allow a gluino mass of the
order of a few GeV/c?.

Apart from these theoretical arguments we should not under-
estimate that Nature has often provided physicists with mere regular-—
ities than needed (for example the equality between the proton and

the electron charges, which took mere than three decades to be under-
stood).

We propose to consider the ratio between the masses of the known
heavy quarks as a2 limit for the regularity in their masses. There
are good reasons[2] to consider the strange quark heavy enough to be
used in our argument.

At present we know that:

i) (m /m ) = (1.8/0.5) = 3.5 = &4;
¢ s
ii) (mbfms) = (5.5/0.5) = 11 = 10
Suppose that (i) and (ii) are of general validity, i.e.:
’ (mclms) = [m{uplike quark)/m(downlikequark)] =4 , (1)
and |
(mmfms) = [m(family N+1)/m(family M) = 10 . (2)

We ignore the lst family (u, d) because of its very light mass.
On the other hand, the ratlos (1) and (2} would not be inconsistent
with the various models used to derive the quark masses from bound
states.

The validity of (1) and (2) would allow to conclude that the
"eop” mass is in the 20 GeV/c® range. This is too light for Super-
symmetric models to avoid a gluino mass in conflict with experimental
data. On the other hand, Supersymmetry tells us that the maximum
number of flavors, ng, allowed in order to have a consistent theory
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(for example: the unification.limit not above the Planck mass) is
nf=8. This means that the maximum number of families is 4. In the
theories that ignore Supersymmetry, the asymptotic freedom is lost if
ng>lé6.

What is not forbidden, in Nature, does take place. Thus, the
message from Supersymmetry is twofold:

i) four families of quarks are allowed;
ii) quarks heavier than {(d, u, s, ¢, b and t) are needed.

Formulas (1) and (2) tell us that the 4th family would have the
heavy masses wanted by Supersymmetry. In fact, using (2), the heavy
down~like quark {called, in the following, "superbeauty' or sb) would
have a mass in the 50 GeV/c® range:

m(down-heavy) = m{"superbeauty”) £ 10 x 5.5 = 55 Gev/c® ,

and, using (1), the beavy up-like quark would have a mass in the 200
GeV/c? range:

m(up-heavy) = m("supertruth") = 55 x 4 ® 220 GeV/c? .

The up-like quark of the 4th family should be called "super-
truth”. In fact, this very heavy mass is wanted by Supersymmetry;
moreover, if Supersymmetry is a good theory, the 4th family should
really be the last of the quark families, ever to be discovered.

The four families are shown in the next graph, where the main
objectives of this first part of my talk are indicated by the dotted
circles.

Families: I1st 2nd 3rd 4th

we () () 8 (2)
e () () (%)

()
Let us come_to a key question: are "top" and "superbeauty"
accessible to (pp) Collider energies? If yes, how can they be
detected?

Many metliods have been suggested:

1) detection of a hidden state with the study of the invariant
mass of the lepton pairs; _ )
11) detection of an open state with the identification of hadronic
decay channels;

8.3
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iii) study of multilepton events;
iv) study of the inclusive transverse momentum speclirun of the
leptons from semileptenic decays;
v) study of the transverse dilepton (i, V) and jets masses.

All of these methods present, in various degrees, experimental
problems related to small production cross sections, low global
branching ratios, high background levels, poor experimental resol-
ution of the quantities needed to be measured. Moreover, most of
them have big troubles in being able to identity the up-like or
down-like nature .of the new flavors.

We present here a new method to observe the production of heavy
mass states, either up-like ("top") or down-like ("superbeauty™)
which is based on the "Leading" baryen production mechanism, extended
to the heaviest baryon and antibaryon states. In fact, due to this
production mechanism, a charge asymmetry of the leptons, originating
from these heavy flavors can be observed in a selected region of the
phase space. Moreover, this asymmetry will show an energy dependence
characteristic of the masses of the decaying states.

More precisely, the "top" baryonic state will decay semilepton-
ically into %' and produce a positive asymmetry in the outgoing
proton rapidity hemisphere

+ - + -
Ap = (% - &)Y/ + &) = positive,

The "anti-top' antibaryonic state will pruduce a negative asym-
metry in the outgoing antiproton rapidity hemisphere

as = (5 = )/ + 27) = negative.

The signs of these asymmetries will be reversed for the "super—
beauty" case.

The energy range where to measure the Ei asynmetry, and the
separation between the maxima, depend on the parent—daughter wass
difference in the decay of the two new flavors. Extending the
validity of the generalized Cabibbo mixing (GCM) to the 4th family,
the mass differences in the superbeauty and top decays would be:

At

1

m{top) - m(beauty) = 20 GeV/c?,

Am

m(superbeauty) — m(top) = 30 GeV/c?.

-+
The % transverse momentum spectra associated with "top" and
“"superbeauty" will be quite different because:

w("top") = 25 GeV/c?,
m("superbeauty”) = 55 GeV!qz.
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thus the Asymmetry will change sign with increasing lepton energy,
Figure 2 shows the main trend of the .easurement we propose. Notice
that this GCH condition, if not vali!, would not spoil our merhod.
It would only shift the energy spectrun of e from superbeauty decay
to higher values.

As we will see in the following, the amplitude of the effect
depends on:

i) production cross sections;
ii) production and decay, angular and momentum distributions;
iii) branching ratios into semileptonic channels;
iv) luminosity;
v) acceptance and rejection power of the experimental set-up
designed to observe the leptons produced by these "new" flavors
decay.

2. A BRIEF REVIEW OF HEAVY FLAVORS PRODUCTION IN HADROKIC MACHINES

How to look for "top" and "superbeauty" at the (pp) Collider, is
p p
a problem analogous to "charm" and "beauty" in hadronic machines and,

Proton hemisphere

+
£ 4’/////r‘\\\\\ Lepton (a)
E" EﬂEF’gy
<

=~  Law High

energy enargy
Antiproton hemisphere

-+
iy
v Lepton
£ g
£ energy (®)
<

=  Low High
energy energy

Fig., 2. Main trend of the electron charge Asymmetry in the proton
hemisphere (a) and in the antiproton hewmisphere (b).

8.5
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in particular, at the ISR. 1t 1is probably instructive to review,
very briefly, the main steps in this field.

2.1, Production Cross Sections

The theoretical predictions for the charm production cross
section and the experimental findings are shown in Table 1.

1f we were to believe in the string model or in the statistical
thermodynamical model, or in the first QCD attempts (fusion model),
the conclusion should have been that the production and cbservation
of "charm" is out of question in hadronic machines.

Only recently QCD models (flavor excitation) came nearer to
experimental findings. In Figure 3 all the experimental data are
shown and compared with the varlous steps in the QCD models. Notice

that neither In(s) nor ln*(s) are compatible with the observed thres—
hold behavior.

2.2. The "Leading" Effect

A result which was theoretically unpredicted is the "Leading”
effect which shows up in the production of heavy flavors.

A detailed study of (pp) interactioms at the ISR showed that the
Ac is produced in a "Leading” wayf{7].

After this experimental result was obtained, a series of theor-
etical proposals were presented, to account for the "Leading" 7

production. The longitudinal momentum distributionf?7] for Ac wis in
fact found at the ISR to be:

(do/alx]) - (1 - [x[)®  with a = 0.40 * 0.25.

Table 1. Charm Cross Section at ISR Energies (o1T = 10%mb).

String model : 10 10

X o
Fermi-Hagedorn : 107 ° X o
QCD (Fusion) : 107 X g
QCD {Flavor excitation) s 107 2-1073 X a
Experimentally : = 10 ? ’ X o
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Fig. 3. Cross sections expected on the basis of gluon and quark
fusion models (gg » cc and q4 *> €€ curves). Other QCD
models are also shown. The data are taken from 3, &4, 5
and 6.

The results are shown in Figure 4a. The charmed meson production{8]
was on the other hand measured to be "non-Leading", i.e.

E(dofdlx]) = (1 - |x®  with & - 3.

his can be "a posteriori" qualitatively understood in terms of
the Ac obtained by a recombination of the spectator c-quark with a
valence (ud) pair in the proton; while the § production is given by

the recombination of the spectator c~quark with a most one valence
quark[9,10]. : ' ’ '

8.7
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Fig. 4a. Experimental longitudinal momentum distribution of ﬁc.

Figure 4b shows the gqualitative behavicr, as a function of the
quark mass, of the quantity (Leading/Total}), which will be defined in
section 5.4 as the ratio between the inclusive cross-section for
producing leading baryons in one hemisphere and the total cross-
section for producing (qq) pairs. This figure shows that, at least
at the ISR energies, the "Leading" production increases with in-
creasing quark mass.

A more complete summary of charm production in purely hadronic
interactions is reported in the Table 2. There is no model which can
fit all measured quantities.

2.3, Further Comments

For those who have strong faith om QCD it could be interesting
to extend our review. In fact the photoproduction was considered a
simpler case for QCD. Therefore its predictions should have been in
agreement with experimental findings.

A summary of QCD problems in photoproduction physics is as
follows:

a) large photoproduction cross sections of the Heavy Flavors are
impossible to be predicted by perturbative QCD,;

b) the pyp dependence of inelastic (cc), for open and hidden states,
cannot be accounted for by QCD; '

¢) the A-dependence cannot be A”.

8.8
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Fig. 4b. Qualitative behavior of the quantity (Leading/Total)

as a functiorn of the quark mass, at /s = 62 GeV.

Table 2.
Models
Flavor

Experiment Diffractive excitation Fusion
Leading
effect Yes Yes Yes Ko
Threshold Steeper Steeper >> Steeper
behavior than lan?s Ins than ln®*s than In?2
Mass Stronger >> Stronger
dependence ? 1/m? than 1/m? than 1/m?
Cross section  Large Large Large Small
A" dependence o <2/3%* a=2/3 _ a=1 B = seunn

*The Py dependence is derived from data on strangeness.'
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8.10

z.4. Conclusions

The conclusion of this short review on the "charn"” flavor
production in (pp) interactions is therefore:

i) the cross section values found are at least an order of magni-
tude above the "theoretical' predictions of perturbative QCD;

ii)} the x-distributicn for A+, i.e. the "Leading" effect, was
theoretically unpredicteﬁ;

iii) with "new" models (essentially flavor excitation{ll,10]} and
non-perturbative QCD){%9] both cross sections values and
x-distributions can be “theoretically" derived.

All this should be quite 2 warning for QCD prediction on Heavy

Flavors production at extreme energies such as those of the (pp) CERN
Collider.

3.2. EXPECTED NEW HEAVY FLAVORED STATES

The main purpose of this section is to call attention on the
enormous number of new states which are expected om the basis of the
old anund new flavors.

. . - . en
3.1. Examples from Previous Experience with SU(3) . and SL(&)udsc

The following graph illustrates what could ingeed happen.

+ ¢ SU(&)udSc
f s> SU(3)uds ot SU(&)udst
+ st > SU(A)uds(st)
- SU(&)udbc
SU(2) ,— [ b+ SU) 4 —[ t SUCE) v o
{4 st + SU(A)udb(st)
e SU(a)ud(sb)c
~+sb + SU(3)ud(sb) + t + SU(")Ud(Sb)t .
st + SU(&)

ud{sb) (st)



499

With 3 flavors (u, d and s) the famous SU(3) , qg came out. It
could be that "beauty” will produce another SU{3),qp. The advent of
the “charm" with four flavors {(udsc) produced SU(4)ydgc. On the
other hand with the "top" there are two possible SU(4): SU(4}, 45, and
SU(M),abe -

Despite the large mass differences among the various flavors, it
could be that Nature will provide, as usual, more regularities than
wanted. The above global symmetry groups for the structure of the
various possible particle states could eventually show up, even if
not expected.

SU{L}MI
X
/Q@xl'
f/'
/'/-- l
Gxiq“/ —-——;EXE}V/
T i) / tuy)
| ,./‘._—__ -
L 7 TR
i Y
{Gd/ b w3 tad] [k "~ (ad)

\ xx) o lyy) IR

(Eyi\a"l’ ; // /

x =charm, top, superiruth
y =strange, beauty superbeauty

17:07 and } =7 MESDNS [ 2xi6 STATES]

Fig. 5. The SU(&)f mesonic multiplets for JP= 0 ; the same multiplet
structure repeats for JP=1 . "x" represents the quarks with
electric charge + 2/3, “y" the quarks with electric charge -
1/3. Each of the possible udyx combinations should produce
an SU(4)¢. The quark composition for each state is indi-

cated in parenthesis,

8.1
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1f "superbeauty” was there we would have even a larger set of
SU(3) and of SU(4) states, in addition to all combination of purely

singlets like (s, ¢, b, t and sbh).

Examples of SU(4) structures using (u, d, s, ¢, b, sb and super-
truth) are presented in Figures 5 to 7. They include mesonic and

baryonic states,

SUTSI
x|
!

l :

axd I?—f——/el:x:-(uf

¥ =charm, fun, suzertrath
¥ =sivange beauty superoeauly

F=01/2)* BARYOYUS [20 STATES!

Fig. 6. Showing the structure of the expected baryonic JP=1/2+
SU(4)f 20-plets. i
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SUtL) .,

& xxxl

A (uuu |

w=rharm_ top, supertruth
y =strange, beauty, superbeauty

3° = 13721 BARYONS (20 STATES]

Fig. 7. Showing the structure of the expected baryonic JP = 3!2+
SU(&)f 20-plets. '

1f we enlarge the symmetries to the intrinsic spins the
multitude of states increases further. These are indicated, for the
first 3 flavoers (u, d and s), in the Tables 3 and 4, respectively for
the mesons and for the baryons in SU(6).

An example of how the multitude of the states goes with the mass

is shown in Figures 8a and 8b, where the masses of the particles run
from few GeV/c? up to 60 GeV/c?.

813
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Table 3. SU{6) Mesonic Supermultiplets

Number
PC Particle of
Su(6) SU(3) F J states states
8 o1 o~ 7, K, n, 0
[(358 1) & 1]; (L=0) . 36
8 &1 1 P, K*, w, ¢
g
g
81 L Bs Q) o, ..,e
++
8 &1 0 S, X, S%, ¢
{(as & 1) # 3}; (L=1) - 108
8§ &1 1 Al’ Ql X D, E
8 &l 2++ AZ’ K=, £, '

Table 4. Baryons in SU(6) Supermultiplets

Standard names of

P . 0
[Su(6), L") SU(3)f J particle states .3
* - 5E 4
+ a 1/2 Ns As zs = .g 133 uty
(56,07) + _ Eom o
10 3/2 Nk, Ix, EX, @ EEED
- 5 [C -
1/2 Repeat singlet 2e4 &
_ o o—
8 1/2 Repeat octet = § ‘8 g
10 1727 Repeat decuplet & E"u o 3
- fu] -
3/2 Repeat singlet R
— — o = O n
(70,17) 8 3/2 Repeat octet Sat i
_ —
10 3/2 Repeat decuplet gg g ©
- et T
1/2 Repeat octet gcc 3
- el f) el
/2 Repeat octet B aS 5.
-— o O L& I 1]
5/2 Repeat octetr g v
o~ o
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(GeV/c? ]
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1

Fig. 8a. The figure shows the mass ranges of the baryon states with:
(a) from 1 to 3 charm or beauty quarks; (b) from 1 to 3 top

bcs s
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e bbb

e bbc
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belud}
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b
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60 I e iid
S0 + |
e ith
e tic
L0 tts | it(UC}' ]
30 s 1bb 7
= e tbhr
ar
o 1S 8 ihiud)
. '_ccc
“ tc(u,d} 8 ;[5
Ss
g 20 I tsiu,d) ' tu.d) .
1t 2t 3t
10

Fig. 8b. ' The figure shows the mass ranges of the baryon states
with: (a) frem 1 to 3 charm or beauty quarks; (b) from
1 to 3 top quarks.
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(a) The six quark mixing with CP violation. 5
Ci = cosb,.
Cibibbo mixing opens the dashed channels.

Fig. 9.

(a)

(b)

= gint,,

(b) Transitions among the various states.” The
The horizontal

transitions are forbidden for any value of the mixing angle.
Allowed neutral currents are: uu, cc, tt, dd, ss and bb.

3.2.

Note on the Semi-Leptonic Decay Modes: Generalized Cabibbo

Mixing

A fact of Nature is that the matrix which relates the down-iike

rueak" flaveors "Cabibbo mixed"

c

5
c

b

c
“strong" flavors
d

to the

505
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is approximately a unit watrix

c 1 0 0 d
Se - 0 1 0 s
b 0 0 1 b

as shown in Figures 9a and S9b.

In oxder to extend the generalized Cabibbo mixing to the 4th
Family, we make the following extrapeclations:

i) all the generalized Cabbibbo angles, even theose coming from the
existence of the 4th family are small;

ii} the flavor-changing neutral currents are forbidden tc any order
of family;

ii) the amplitude for the transition from family N to family Ntu has
a coefficient

121 u.(511181) .

?

As a consequence, the Cabibbo~favored decay chains of flavore c,
b, t and sb are:

c* 5
b+c¢c+ s
t>*h+c+s

sh »t+b <+ ¢+ s,

All we need to know is the charge sign of the lepton in a trans-
ition from.en "up-like" to a "down-like" flavor and viceversa. This
can be summarized as follows:

0 00 Q)
(d (s b sb
(l) (3) (5) ?) + 0DD (= UP-LIKE) QUARKS
2 4 6 (8 « EVEN (= DOWN-LIKE) QUARKS
with the charge formula written as:

Q= (/3 + fi)!2

8.18



with:
fi = + | for odd quarks (i = 1, 3, 5, 7)
f_ = -1 for even quarks (i = 2, 4, 6, 8).

From this follows the electric charge sign of the lepton in the
semileptenic decay of the flavor:

ODD ——+ EVEN (UP-LIKE —— DOWN-LIKE)}

TRANSITION ——> POSITIVE LEPTON

EVEN ——— ODD (DOWN-LIKE UP-LIKE) TRANSITION—>

—> HNEGATIVE LEPTICR

As will be seen in the Figure 15, a sequence t *b > ¢ + s will
be accompanied by the semileptonic series giving rise to e =~ e
e . For the antiquark sequence t = b = ¢ *+ 5, the charges will be
reversed (e + e + e ). These results are straightforward conse-
quences of the previous table.

4. CROSS SECTION ESTIMATES: HOW TO GO FROM STRANGENESS TO CHARM,
BEAUTY, TOP AND SUPERBEAUTY

Now comes a key question: once we know the "strange" and “charm”
cross sections, is it possible to predict the heavier flavors {(c, b,
t or sb) cross sections in hadronic collisions?

Simple arguments bring to the xonclusion that:
o(m) . (1/m?) x f(s/m?). {(3)

In fact, the only quantities which enter in the problem of
producing a (qq) pair, having at disposal the total energy Vs, are
the quark mass, m, and the total energy, ¥s.

Formula (3) is based on dimensional and scaling arguments:

~ Dimension says that: o . (1/m?);

- Scaling says that the twe quantities m? and s are such that
nothing changes if their ratio (s/m?)} is kept constant; the
ratio (s/m?) is the dimensionless quantity needed if no other
scale should remain in the game.

507
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The basic forrwla is therefore:

Ui[(Jg)pp = Ei] = (mjr’mi)2 x'Uji(/E)pp = Ej = (mjfmi)Eil ()

where:

oi, aj are the production cross sections,

mi, mj are the masses,

Ei’ Ej are the energies,

at which flavors fi and fj are produced.

_ s [ i
B A

1 -
E; 10 - ?
= " .
s 0 1
W -
[ L 4 h

100 L1 1 1 I i i i 11 b 1 i 1 ). 1

10! 102

Vs {GeV)

Fig. 10. Charm cross section derived from strange cross section
following formula (4).
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The results are shown in Figures 10-13, where we have used:

i) the strangeness data to predict ¢, b, t and sb;
ii} the "charm" data to predict b, t and sb;
iii} the "beauty" data to predict t and sb.

Finally, for completeness, we also report the most reﬁent QCD
predictions of references 10 and 9 (Figure 1l4).

a B pp —— AY eX i

o NP WJX
107 = —
10" & (A = p0°r71=3%
L (B o e1=13% f

g i / -

= / 1AS pO° R =10%%

= - I — 4

s /

5 ! B ___ e')=20%

o 0° ; { e’l=2 1
= f ]
ad f -
[ ! i
i * B o yXI=t% ]

10 : ~
- + 1B o PX}=65% 3
10_2 1 1 ool 1 | o1
10! 10? 10

¥s (GeV)

Fig. }l. Beauty cross section derived from strange (fulli line) ana
‘charm (dashed lines - notice the width due to the experi-
mental uncertainties) cross sections following formula (4).
The data are taken from references 12 and 13.
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8,22

IIJ]II!

Orgtat (Hb)

10!

l.IlllIl

)
-
1

1 [l 1 1 l 1 314 l | i 1
10 103
Vs [GeV)

Fig. 12. Top cross section derived from strange (full line), charm
(dashed lines) and beauty (dash/point lines) cross sections
following formula (4}.

5. THE STUDY OF THE LEPTGN CHARGE ASYMMETRY AND ITS ENERGY
DEPENDENCE AS A WAY TO DETECT THE HEAVIEST FLAVORED STATES
(BARYONIC AND ANTIBARYONIC) AT THE (pp) COLLIDER

The leptonic decay chains, following the peneralized Cabibbo
dominance, for the various flavors c, b, t, sb, are shown in Figure
i5.

Once a particle-antiparticle pair has been produced, on the
average the number of positive and negative leptons from its decay is
equal., However we will discuss under which conditions an asymmetry
in the number of positive and negative leptons can be cbserved, due
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L LLL

1w_E

=
!

= W0 i
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(=] = .

02 —

x .

- A

- -1

- .

B 4

L d
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- 4

!

b ) L L] I .L_Li L L | P N . N N |

102 10 10¢

{s (GeVl

Fig. 13. Superbeauty cross section derived from strange (full line),
charm (dashed line) and beauty (dash/point lines) cross
sections following formula (4).

to the different longitudinal momentum production distribution for
baryons and mesons, and to the dependence of the lepton P spectra
from the product particle mass.

Let us define the Asymmetry parameters as

_ K@D - 8@y

)
N(i+) + N(2)

A® (p.r, 8

(5)

cut
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- & 0 N
A
1 -
- | _
g 0 . -
< k 'T 9C e g ]
W - I 9 ’
w0 = -
¥ ? ]
| I l 1 A 1
10!

Vs (GeV)

Fig. l4. Non perturbative QCD predictions (dashed line) and flavor
excitation perturbative QCD predictions (full line) for
charm hadroproduction.

+ + - -
where N(& ) 2 N(& ; pp» O, and K(Z ) = N(% ; DPre ecut) are the
number of positive and negative leptons produced iﬁ the angular range
0° < &< cht and with transverse momentum p.

+
The number of positive leptoms & is expressed by
+ + + + +
N{L ) = L[nsb(£ )y + nt(i ) + nb(L ) + nC(L 3] .
wvhere L is the total integrated luminosity and nf(i+) (with f = sb,

t, b, c) 1s the contribution from the direct production of sb, t, b,
¢ states. ’



v ¥ A
L £t " ’r w ‘EJ‘ Vv
s Y5 Yoo Yo Ys
A AL A
SARY ¥ Y AR v

Fig. 15. Diagram illustrating all the possible electric charge
signs of the electrons originating from the semileptonic
decay of the quarks c, b, t and sb.

Analogously the number of negative leptons 1is given by
N(£) =Ll (2 ) +m (1) + n (2) 40 (2)].

The leptons originated by the decay of the various flavors and
antiflavors are summarized in Tables 4 and 5.

+
In order to write down explicity n.(%') let us define:

i) og = total cross section for the production of open (f, f)

pairs;

513
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.. . - = . ¢ . . . . .
ii) pr, pﬂf’ pr’ ¥ ratio between, the inclusive cross-section

for producing (M = meson, M = antimeson, B = baryon, B =

, T
antibaryon) states, and the total cross section Ui

iii) BRMf" BRHE" BRBf" BRBE' Z gemileptonic branching ratio of the

various states with flavor f' (£f' = ¢, b, t, sb);

t * = *
iv) er(if,), Eﬁf(ﬂf.), (Ef,), EBf(Rf,) Z acceptance for & from

the leptonic decay of the flavor f' produced in the decay chain
of the state with flavor f. This acceptance is a function of
the lepton Py and of the cut in 6 < ecut applied to the lepton

polar angle.

Accordingly we have, for the case of "superbeauty™:
(z B () + B o
) = o {"Msb [ Rucen b RycEusb Ae)
* Phsh [ BResswas Psp) * B%E“b“b)]
+ +
PEsh [BREtEBsb(Bt) + BRy Epap(2e) ] +

+ PEsh [BRiEE ng;("sxﬂ + BRpre ﬁ_t_)ub)]}

and
- _ T _
Agp(t ) = Ogp {"“ [BRﬁE gapte) * BRuctasste )] *
* Pysh [ BRy oy Caton (Fob?) BRbﬁJEMSbub) ] +
* PEsh [BRﬁE sste) * BRgzeaap(he )]
* Ppsp [BRBstBsb("sb) * BRBbEBsb("'b)] }
Table 4
+ -
Flavor Decays producing £ Decays producing £
cb &b+t +b+ 1 + sb + t+ & _
sb+t+b+¢c+s ++ & sb+t+b+c+ L
. £ +b+ 2 + t+b+ct+ i
t »bh+c+s+ 2
b barcrs+ b+c+ 4
c c+s+ £+ .




Table 3
- + ] —
Antiflavor Decays producing £ Decays producing £
— —— — —— —
HrTebect T b
- R T+b+
T+b+Cc>5+ 8
b Bac+2 b+c+5+ 48
T T+ 8

+ + +
The analogous expressions for n (£7), nb(ﬁ'), nc(l_) can be
easily derived and are not reported here.

From the above formulas it can be seen that in order to evaluate
the Asymmetry parameter A° one needs tc know:

i) the total cross sectionm :$>0T;
ii) the decay branching ratios —> BR;
iii) the production distribution of the baryons or mesons states™> €;
iv) the relative fractiom of baryons and mesons —> P}
v) the lepton distribution in the decays — €.

We will now discuss in some detail the assumptions we made for
these quantities.

5.1. The Total Cross Sections

We will extrapolate the total cross sections for the heavy
flavors at the {(pp) Collider energy, Vs = 540 GeV, using formula (4)
and starting from the strangeness cross section. Using the known
masses for "charm" and "beauty" baryoms and mesons, and the values:

- 2 _ 2
m = 25 GeV/c*, B 55 GeV/c*,

for the "top" and "superbeauty" particles, ome obtainms:

o, = 2000 b, {Ga)
o, = 140 wb, _ (6b)
g, = 1.5 ub, ; : (6c)
csb ~ 0.15 pb. {6d)

215
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Other estimates, from perturbative QCD, will however be taken
intc account when discussing the results. It will be shown that,
under some conditions, even these very low cress sections (o, = 10ub
and Ut = 0.1 pub) [14] give rise to a2 measurable Asymmetry.

5.2. The Decay Branching Ratios

Recent data from CLEO[15] give for the semileptonic branching
ratic of the "beauty" mesons:

(g + £5)/(4 + all) = 0.13.

In our Monte Carle we assume the known semileptonic branching
ratios feor "charm":

(@ + £5)/(D + all) . 0.085,
(AZ - £t)/(ﬁi > all) . 0.045.

and the conservative value of 0.1 for all other heavier particles.

5.3, The Production Distributions of Baryon and Meson States

The study of the reactions:

pp + D + e + anything,
+ -

PP * Ac + e + anything,

rp * Ag + e+ + anything,

at the ISR, indicate that in baryon-baryon collisions the heavy
flavored baryons are produced according to a rather flat x-dis-
tribution:

(do/dx) . const. ,

while the heavy flavored mesons are produced with softer x-dis-
tribution of the type:

E(do/d|x}) . (1 - |x])? .

These distributions will be assumed all along the following
discussion, together with the Pr dependence:

(dU/de) - pTexp(— 2.5 pT)

observed at the ISR in the production of heavy flavors[l6,17]}.
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5.4. The Relative Yield of Mesons and Barvons

From the data on strangeness producticn at the 1SR, it can be
assumed that, in (pp) collisions the following reactions dominate

+
MCentral BLeading

n
—_—
=

pp T + anything =

m

PP * M + M + anything = {M

Central central ¢’ e
In (pp) collisions, due to the anti-baryonic nature of the p
hemisphere, the following reactions can take place:

PE > HCentral + BLeading + anything = {MC; BL} ?
PP Meentral ¥ l_.?’Lead:ing + anything = {MC; EL}.’
Pﬁ > ﬁCentral + MCentral + anything = {EC; I'iC} ?
pB > ﬁLeading + BLeading + anything = {EL; BL} *

In this case, the ratio of the inclusive cross sections for
producing the four classes of particles MC, “C’ BL ana BL and the
total cross sections are: '

b /et

C
- T T
BL} + U{MC; MC} fo .,

h=)
It

[E{MC; BL] + G{HC; M

Py = [é{

<]

C;
oo = [offi.; B} + oiB,; B} | /o
B C L L’ L’ i
2

- - T

Py = [%{MC, BL} + U{BL, BL} | la
with

T
0=

U{QC; BL} + of{M_; ﬁL} + o{ﬁc; MC} + c{ﬁL; BL} .

Defining the ratio:

Leading/Total = Py

the four inclusive cross sections can be written as:

Pp = Pg = (Leading/Total)} ,

Py = Py = [1 - (Leading/Total}]

M

At ISR, in each hemisphere, the ratio (Leading/Total) is . 1/16
for strangeness and . 1/8 for “charm". 1In our discussion we will
study the behavior of A® as a function of (Leading/Total).
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8.30

5.5. The Lepton Decay Distributions

The data from CLEO[18] show that in the semileptonic decay of
"beauty" mesons, M, the magnitude of the mass recoiling with respect
to the leptons is very mear to the D mass:

M, + Xev, with Mo My = 2.0 GeV/c®.

Morecver, the mean charged multiplicity of the decay is 3.5,
where the D contributes with 2.5 charged particles on average. We
can conclude that, even at values of the mass as high as the mass
of the » the semileptonic decay proceeds via a 3-body decay. On
the contrary, the mean charged multiplicity in the hadronic decays
of the mesons 1s 6.3, i,e. the hadronic decay of the produces,

on average, one D plus four charged particles plus twe neuntral
particles:

Mb + D + 6-bodies.

In the following we will consider two pessibilities:

- 1) the total multiplicity of all decays is 3: this is the worst
case for the Asymmetry A°;

ii) the total multiplicity of all semileptonic decay is 3 and the
decay is K,3-like for mesons and phase-space for baryons, while
the total wultiplicity of all the hadronic decays have the known
values for "charm" and "beauty” (.3 for “"charm", . charm + 6 for
"beauty"), and, for "top" and "superbeauty", the same wmulti-
plicity as "beauty". It should be noted that this is already a
conservative hypothesis, since the hadronic decays of "tep" and
"superbeauty" can be expected to produce more particles than
"beauty'. Higher values of multiplicity would produce higher
values for the asymmetry.

5.6. Estimates of the Asymmetry A°

In order to estimate the Asymmetry A°, we have restricted our
study teo the case of electrons and positrons.

The detection'acceptances € have been evaluated by means of a
Monte Carlo simulation, with the conditions set in the previous
section and for 5 values of B (ﬁ = 10°, 26°, 30°, 40° and
90°) . cut

+
Figures from 16a to 16t show the e  acceptances for 6 = 30°
and model (ii) of sec;ion 5.5 for baryons, mesons and anti%esons.

The acceptances for e originated by the decay of antibaryons are, of
course, negligible.
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Figure 17 shows the behavior of A% (p» 30°), for (Leading/
Total) = 0.25 and model (ii)} of section 5.5. There are two main
peaks, one pgsitive around pg = 10 gev/c, due to the ¢op"” baryom
decay into e , and one negative around pT * 19 GeVic, due to "super-
beauty” baryon decay into e .

It is interesting To note that the separation between the two
peaks depends only on the mass differences in the semileptonic decays
of “"superbeauty" and "top" states.

In fact in the 3-body semileptonic decay the transverse momentum
spectrum of the electrons or positrons scales with qubm where Am is
the difference between the parent mass and mass of the hadronic
particle produced in the decay. This 1s shown in Figure 18 where the
normalized p/b4m spectra of the electroms and positrons produced in
the decays:

1) A°

+ -
b + Ate v 3
+ +
ii) At + Age v 3
+ ——
ii1) Ag > Aev;
+
iv) Ac + n:e+v H

are reported.
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Fig. 17. Plot of A°(pp, &

= 30°) as a function of pq. The values

assumed for the cUL.s sections and for (Leading/Total) are
indicated in the figure.

The mass differences Am have the following values:

1) Am = m(AZb)

11i) bfm = m(At) - m(AE)
1i{) Am = m(Ag) - m(ﬂt)
iv) Am = m(AZ) - m(A)

Figures 19a, b and

=

=

X

20a, b show the amplitude of the two peaks as

+
- m(At) . 30 GeV/c2 for the "sb" baryon decay;

19.5 Gev/c? for the "t" baryon decay;
3.2 CeV/c? for the "b" baryon decay;

1.2 GeV/c? for the "¢" baryon decay;

a function of €., and (Leading!Total)”for:_ a) model (1) of section
5.5 (all 3-body decays) and: b) model (i1) of section 5.5 {greater
multiplicity for the hadronic decays) . -
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Fig. 18. Normalized (p f$m) _spegtra of+the electyons from the
decays: A, + Ace vi A > Me v; A; + Ahev; A » Ale v,
The Am vaiues relative to the four decays are indicated in

the figure.

5.7. Background Evaluation

In what has been desgribed so far, the background contamination
in the sample of prompt e and e has not been considered. It 1s
mainly due to:

1) the misidentification of charged and neutral hadrons in the
experimental apparatus;

B + — - - -
ii) the prompt ¢ or e production from sources other than open .
heavy flavor states.
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| ] | ]
0 0.1 0.2 0.3 0.4 0.5

(Leading/Total)

Fig. 19. Plot of A°(p, = 10 GeV/c, Scut)("top" peak) as a function
of (Leadlng{%;tal) for different values of § ., and using:
a) model (i) of section 5.5, and b) model (1f) of section
5.5.

The contribution (i) can be derived by extrapolating, ahove
p. 2 10 GeV/c the inclusive pion cross section as measured by the UAl
experiment[19], using the fit to their data:

E(d%0/dp?) = A x po/(p, + P &)

with A
*

0.46 + 0.10 mb2¢2GeV 2, p_ = 1.3 * 0.18 GeVc * and n =
9.14 7 ©

0.
Formula (7) is relative only to charged pions {averaged over the

. two charges) and is given in unit of rapidity.’ We have assumed the
contribution to the background due to the neutral pions to . 0.2 of

8.37
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Fig. 20. Plot of A°(pyp = 19 GeV/c, O, ("superbeauty" peak) as a
function of ELeadinngotal) for different values of B cyrs
and using: a)model (i) of section 5.5, and b) model (ii) of
section 5.5,

the cross section (7). The rapidity interval over which we inte-

grated the background depends on the ecut:

ecut = 90°=> Ay : 4.0,
8 e = 40° > by = 3.0,
ecut = 30°= Ay = 2.7 ,
8 ur ™ 20°=> 4y = 2.3,
8 e = 10°=> Ay 1.5 .

The extrapolated background rates should be multiplied by a
reduction factor representing the rejection of the background from
source (i) in the experimental apparatus.
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Concerning the prompt electron background (ii), we assume, as a
first approximation, that it would be negligible when coumpared with
the contribution (i).

5.8. Estimate of the Asymmetry Parameter Inclusive of Background

Due to the background sources described in the previous section,
the experimental Asymmetry parameter is given by:

- (NG, ()] ~ [N+, (eD)]

Aexp(p s a
T ey D]+ N ()]

where Ny (e } is the number of background positrons or electrons. AeXp
can thengﬁe expressed as a function of A® and of the Signal-to-
Background ratic defined as:

Signal  _ N(et)
Background = +
I\hg(e-)
by assuming Ny (et = (e Y} = Ny (e) and by substituting, in turns,

in the above equation of Apyns the“expression of K(e ) and N{e }
derived from the definition of A®. The result is:

a
AP o A 3 , for A®>0 ;
1+ 1 4+ A
+
N{e )/N e
CRYERRTS
£-1
1+

N(e") /Nbg(e)

Figure 21 shows the quantity AS¥P plotted as a function of the
Signal/Background ratio for various yalues of A°. The results can be
expresged with curves of constant A®*P a5 function of (rejection
power) versus (cross section for "top" and "superbeauty" production),
for different B ut? {Leading/Total) and decay models (Figures 22 to
31). ) . .

8.39
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Fig. 21. The curves give the behavior of A¥*P a5 a function of
Signal/Background, for different values of A°.

The Table 6 summarizes results given in Figures 22 to 31, for
two values of the total cross section, They show the rejection
powers needed to obtain 2%%P50.3 or A®¥P¢ - 0.3, 1.e. a reasonably
high value for the Asymmetry, at the "top" and "superbeauty" peaks
respectively. TIt.can be seen that, with a rejection power of the
order of 10 ®, a large range of 6 .. (Leading/Total) and cross

section values are accessible.
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Table 6
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Fig. 22. Curves of constant Aexp, in the plot (rejection power)
versus (cross section for "top" or "superbeauty") for
fye = 10° and for model (i). Plots {a), (b) and ()
refers to pp = 10 GeV/e ("top" peak), plots (d), (e) and
(f) refers to pp = 19 GeV/c ("superbeauty"” peak). Plots
(a) and (d) are obtained with (Leading/Total) = 0.1, plots
(b) and (e) with (Leading/Total) = 0.25, plots (c) and (f)
with (Leading/Total) = 0.5.

5.9. A Detailed Case

As an examg%e of what can be obtained experimentally in terms of
the Asymmetry A P let us fix in a reasonable way some of the para-
meters. We take (as in Figures 29b and e):

i) (Leading/Total) = 0.25;

ii) ecut = 30°;
i{1i) decay model (ii).

8.42
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Fig. 23. As Figure 22 but for Bcut = 20° and meodel (i}.

Moreover, in order to have an estimate for the expérimengal errors on
A s We assume a total_integrated luminosity 1. = 300 nb~ ! {(foreseen
for 1983 at the CERN (pp) Collider). :

Figures 32a and 32b show the plot of A®*P a5 a function of p..,
for a rejection power of 1072 and for the two cross section esti-
mates: as in section 5.1 (formula (6)) and as from perturbative QCD
(Utzcsb = 10:1), respectively. The errors are purely statistic.

Figures 33a and 33b show the expected number of produced elec-
trons as a function of p,_, with the same two assumptions for the
total cross sections.. Superimposed is the expected background, as
defined in section 5.7, and with a rejection factor of 10 >.
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Fig. 24. As Figure 22 but for Bcu = 30° and model (i).

t

_ 1t could be that the rejection factor ne$ded ig much less than
1073, 1In fact, a very heavy state (such as A_ or A . ) decaying semi-
leptonically, may have the hadronic "jet" recciling against the
lepton pair. The study of the hadronic pattern associated with the
(e”) could be of such an help in the selection of good events, that a
rejection power much below 10" 2 could be sufficient. For example, an
order of magnitude improvement would mean that the data which, at
present, are quoted with a rejection of order 10 3 (Figures 22-34},
would reach the level of 10 *. 1In this case, all our expectations
would be scaled by this factor. :

For completeness, let us mention that, at present, the“(e/w)
ratio in the p. range above .. 20 GeV is not known at the (pp)
T - .
Collider. -
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As Figure 22 but for ecut = 40° and model (i).

order to compute
it is convenient

7<pp < 12 GeV/c,
ii) 14 < pg £ 23 GeV/c,

to integrate A

the statistical significance of the observed
over the Py ranges:

corresponding to the "top" region;
corresponding to the "superbeauty” region.

This is equivalent to the experimental procedure of fitting the data
to reduce the statistical errors on the single points.

Figures 34a and 34b show the number of standard deviations that

can be obtained in the measurement of A
and in the "superbeauty

sections o and ©

, respectively in the "top"
" regions, as function of the total cross

, in the same conditions specified abeve.
confidence level 7% the measurement is also shown.

The 90Z

These results

show that, especially im the "tap" case, a high statistical signifi-
cance can be reached with a moderate rejection power, even if the
total cross section for "top" production is as low as 0.1 wb, i.e.
the value predicted by QCD.

333
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Fig. 26. As Figure 22 but for acut = 90° and model (i).

In Figure 35, the behavior of the ratio (Signal/Background) as a
function of the total cross section fer “top" and "“superbeauty” and
for different values of the rejection power, is shown, ’

6. COMPARISON WITH PRELIMINARY DATA FROM CERN (pB) COLLIDER

As a first step in the study of the heavy~quark physics using
the (pp) Collider, we propose to compare our predictions with the
data already available from the (pp) Collider.

In their search for electron candidates, the UAl Collaboration
finds 16 events with.an isolated electronf[20]. Five of these events
are attributed to W~ decay, whilst the remaining 1l are characterized
by a "jet activity" in the azimuthal region opposite the isolated

R].46
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Fig. 27. As Figure 22 but for 8 e = 10° and model (ii).

electron._lThe events correspond to a total integrated luminosity of
L=20 b *,

According to the Monte Carlo discussed in detail in the previous
section, the acceptance for electrons originating from “superbeauty"
decays in the phase-space region defined by the UAl data (p,, > 15

GeV/c and, for the polar angle, 25° < 6 < 155°) is, for baryon and
antibaryon decays,

t
EB(e )y = 0,08,

and the meson and antimeson decays

EM(e:) - 0.12 .

RAa7
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Fig. 28. As Figure 22 but for ch = 20° and model (ii).

t

We can therefore use the approximation
i) _ ( t X 0.1
e(e”) = egle ) EM(e Y = 0.1 .
Since the heavy flavors are produced in pairs, the total efficiency
for seeing at least one electron from the leptonic decay of "super-
beauty" is

+ t
ET(e ) =2 xee”) =0.2,

where we have assumed equal semileptonic branching ratios for baryon
and meson decays.

The request for "jet activity" opposite in azimuth to the
electron gives rise to another acceptance factor, ET(jet), which we

8.48
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Fig. 29. As Figure 22 but for cht = 30° and model (ii).

can derive by analyzing the hadronic pattern of the “superbeauty"
semileptonic decays predicted by our Monte Carlo, according to the
"jet" definition outlined by the UAl Collaboration, i.e.

i) all particles with py> 2.5 GeV/c are associlated with a jet if
their separation in phase-space is

AR = Y{49)* + (An)}° < 1,

with A¢ in radians and n(= pseudorapidity) = - In(tgb/2);

ii) all other particles are associated with the jet defined as in
point (i), if they satisfy the conditions

P relative to the jet < 1 GeV/c,
0" relative to the jet < 45°%;

8.49
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Fig. 30. As Figure 22 but for ecuc = 40° and model (ii).

iii) the total transverse emergy of the jet must be greater than 10
GeV.

The result is

ET(jet) = 70%.
On the other hand, as shown in Figure 36, the condition that the jet
is opposite in azimuth to the electron within A¢ = 30° is nearly

always satisfied.

The number of electrons from "superbeauty" semileptonic decays
in the UAl electron sample is therefore given by

N(e®) = o, x BR x L x eT(e") x eg(fet) , (8)
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Fig. 31. As Figure 22 but for ecut = 90° and model (ii).

where BR is the semileptonic branching ratio of the “superbeauty"
state, taken to be BR = 0,15, and 9 is the cross section for the
production of “superbeauty" particle states at the (pp) Collider; the
othgr symbols have already been defined. The UAl results show that
N{e™) = 11%3).

Note that in Equation (8) the efficiencies for the electron
trigger have not been taken into account. They are as follows:

1) The efficiency for detecting "isolated" electroms, i.e. with no
other particles with pt > 2 GeV/c in a 20° cone around the
electron direction. Here the risk is in the random vetoing,
othervise the efficlency for genuine events is very high. From
UAl data[20] it is possible to deduce the upper limit for random

vetoing: it must be below 75Z, and it could, in fact, be almost
Zero.
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Fig. 32a. Plot of AP as a function of pys for_a total Luminosity
L = 300 nb !, a rejection power of 10 3, Bcue = 30° and
(Leading/Total) = 0.25, using the cross section estimates.
{a) from formula (6); (b) from perturbative QCD. The
eTYOrs are Statistical.

11) The efficiency of the energy cut Ep > 15 GeV/c owing to the
finite resolution of the electromagnetic shower detectors
{EMSDs). This efficiency can be evaluated to be > 95%, using
the quoted EMSDs energy resolution (AE/E = 0,15/7/E).

Figure 37a shows the cross-section corresponding to the (1123)
events observed. Notice that the "experimental" finding of UAl falls

in a remarkable range of agreement with the crude extrapolation from
"charm" and QCD.

Going further, we have compared tﬁe Py distri.butions of the (et)
from the UAl with that from cur Monte Carlo simulation. This is
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Fig. 32k, Plot of Aezp as a function of pr, for_a total Luminosity
L = 300 nb" !, a rejection power of 10 3, 6., = 30° and
(Leading/Total) = 0.25, using the cross section estimates.
(a) from formula (6); (b) from perturbative QCD. The
errors are statistical. )

shown in Figure 38, where the Monte Carlo expectations are dbtained
using different values for the parameter b in the “"superbeauty"
production process :

dc/de = Py exp(-pr).

Data and Monte Carlo distributions are normalized to the total nunber
of events with Pr > 15 GeV/e.

A value of b = 0.20 GeV !¢, i.e. a mean value for the production
average transverse momentum <pp> of the order of 10 GeV/c, fits the
UAl data quite well. This value for b is much smaller than the value
(b-= 2.5) which we found in our study of "chara" production at the

541
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Fig. 33a. Expected number of produced electrons as a function of
p with the same assumptions &g in Figure 29, and the two
cross section estimates: (a) from formula (6); (b) from
perturbative QCD. The errors are statistical.

I

1SR[4,16]. However, it should be noticed that here we are dealing
with the production of a flavor much heavier than “charm". The value
b = 0.2 is in good agreement with the prescription <pT2> = m?/4 (m is
the quark mass) used by Odorico[10] to compute the “charm" production
properties from flavor excitation.
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Fig. 33b. Expected number of produced electroms as a function of
p with the same assumptions as in Figure 29, and the
two cross section estimates: {a) from formula (6}; (b)
from perturbative QCD. The errors are statistical.

The efficiency for detecting electrons with > 15 GeV/c in the
Monte Carlo simulation does not change very wmuch for b > 0.2, as
.shown in Figure 39. Thus the total "“superbeauty" cross-section
derived by Equation (8) holds, within * 30Z, even with this very low
but expected value of b. '
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8,,2=30°, (Leading/Total)= 0.25
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————— pr= 19 GeV/c superbeauty'
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Fig. 35. Correspondence between rejection power and signal-to-
background ratio (Signal/Background) as function of total
cross section for "top" and "superbeauty" production, and
at the two pp values: 10 GeV/c and 19 GeV/c.

As mentioned above, the "dowun—1ike™ nature of the observed
{11%3) events cannot be established in a direct way. It is based on
a chain of self-consistent arguments. Let us give up the mass ratio
(1) which binds the “top" flavor to be in the 25 GeV/c? range. 1f we
repeat the analysis without this constraint, the {11#3) events can be
reinterpreted as the "up-like" signature with the “top" flavor mass
30 GeV/c? above the beauty flavor. The value of the cross—section
would in this case be as shown in Figure 37b.

A sequence of arguments based on known facts and on simple
hypotheses, extrapolated to the CERN (pp) Collider energies, allow us
to conclude that the (11£3) events+observed by the UAl Collaboration
and consisting each of a single (e7) accompanied by a jet activity in
the opposite hemisphere, correspond to a value of the cross-section
expected for the production of a very heavy flavored state, in the
55 GeV/c? mass range. Moreover, the observed transverse momentum
spectrum of the (e”) follows the expectations for the semileptonic
decay of a very massive state, again in the 55 GeV/c? mass range.
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Fig. 36. Efficiency versus the cut value in the difference of
azimuth |6¢| between the electron and the hadronic jet in
“superbeauty” decay, as derived from the Monte Carlo
simulation.

1t should, however, be noticed that the identification of the
"down-like" nature of the heavy-flavored state is based on a serigs
of hypotheses which produce the correct am = 30 GeV/e? for the (e’)
transverse momentum spectrum, and the correct magnitude for the
cross-section. If we were to ignore the cross—section and the quark
mass ratios which allow us to predict the massgs of the 4th family,
the only parameter left to fit the observed (e”) transverse momentum
spectrum would be the value Am = 30 GeV/c?, 1In this case the con-
servative interpretation of the UAl results would be a “"eop" with a
mass 30 GeV/? above the “beauty".

This shows the importance of our proposal_to study in detail the
production of mew heavy flavors at the CERN (pp) Collider by measur-
ing the (e /e ) asymmetry. In fact, the sign .of the asymmetry allows
the identification of -the "up-like" or "down-like" nature of the
heavy-flavored state in a direct and unambiguous way, Moreover, the
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Fig. 37. Comparison between the UAl results and the creoss—sections
for: (a) superbeauty (m_, = 55 GeV/c?; (b) top (m, = 35
GeV/c2); derived from s%range (full line) and charm (dashed
lines) cross-sections following formula (4).

4+, -
(e /e ) energy dependence of the asymmetry enables us to establish
the correct sequence of

"down-1ike" +> "up-like"

decay chains for the new heavy flavors, and their mass difference.

7. CONCLUSIONS
The following conélusions are in order:
i) Past experience says: do not take too seriously the “theoret-
ical” QCD predictions; many things still do mot fit between

theory and experiments. In particular, neither the large
"charm" cross. sections, nor the "Leading" effect were predicted.
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Fig. 39. Efficiency of the Monte Carlo simulation for the UAl
electron selection, as a function of the exponent
parameter b in the parent {sb) Py production distribution.

i1i) A detailed study of the production mechanism of heavy flavors at
the ISR is important in order to make reasonable extrapolations
to the (pp) Collider energy.

11i) The number of "new" states with heavy flavors is very large. If
their production cross sections follow the simple extrapolation
proposed by us, the CERN {(pp) Collider would be a quasi-factory
for these new states., The problem is to have the instrumen-
tation able to detect their existence.

iv) The study of the electron-positron asymmetry and_of its energy
dependence is of the utmost importance at the {pp) Collider. If
the "Leading" effect follows the same trend as “charm" at the
ISR, this asymmetry is expected to be detectable, even if the
production cross sections of the heavy flavored states would
follow the QCD predictions.
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The study of the electron asymmetry and of its energy dgpendence
is not less important than the searches for the 2° and the W .
Finding the Z° and the W~ would tell us nothing about one of the most
crucial problems of Subnuclear Physics: the families problem.

A detailed study of the electron asymmetry allows to investigate
the presence, in a mass range so far unaccessible to any other
machines, of the new flavors up-like {("top") and down-like (“super-
beauty"), and to determine their mass relatien.
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LETTERE AL NUOYO CIMENTO voL. 37, N. 7T 16 Giugno 19583

9 = A Study of Possible New Heavy-Flavour Production
at the CERXN {pp) Collider.

M, Basiuk, J. Bersiers, G, BoxviciNi, G, Cara Roxieo, L. CiFareLLI, A. CoONTIN
M. Curaroro, G. D’ALi, C. DEL Dara, B. Esposiro, . Givstr, T, Massam, B, Naxria
F. Parvoxari, G. SarrorerLLr, G. Susixyo, L. Voraxo and A, ZicHIcus

CERN - Geneva, Swilzerland

Istituio di Fisica dell’ Universita - Bologna, Italia

Istitute Nazionale di Fisica Nucleare - Sexione di Bologna, Ilalia

Tstiluto Nazionale di Fisica Nucleure, Laboratori Naziouuali di Frascali - Frascali, Ilalia

(ricevuto il 25 Marzo 1983)

I’CAB. 13.90. — Other topics in specific reactions and phencmenology of elamnentary
particles.

Summary. — In this paper, we review briefiy the main hypotheses and extrapola-
tions uscd to predict the observability of new leavy flavours at the CERN (p]h) col-
lider. Some results from this study are compared with the first experimental data on
the production of high-p, cleetrons acconipained by hadronic « jets » at the {p]) col-
lider, as observed by the UAl ecollaburation. These events could, in fact, be the signa-
ture of the semi-leptonic deeay of a very massive new liecavy-flavoured state. Its
«downlike » or «uplikes nature cannot be establislied in a direet and unambiguous
way. More sophisticated measurements are nceded as discussed in detail in a previous
Paper.

Trtraduction, We have already emphasized the important role that the CERN ()
Cuyllider wighi have as a machine to produce very heavy flavours (). So far, in
the {pp} Collider exploitation, the emphasis has been concentrated in the search for
the intermediate veetor bosons W* and 2° However, the discovery of these theoret-
ically expeeted particles sheds no light on cither of the bwo erucial and totally unresolved
problens of subnuctear physics: the fumily and tiee hyerarchy.

This is why more attention should be devoted o the problem of what the (ph)

') AL Dasing, J. Bummens, G, Boxviaix:, G, Cana tosco, T, CIFARELLL, A. CosTIN, M. OURATULG,
G. TVALL C, Den Para, B Edrosito, §. Giust, T. Massas, 1L NaNia, F. ParvoyNasi, G. SARTO-
RELLL, U, SUsiNNe, Lo Yoraxe amd A, ZICINCHET New flurowrs: erperiment s, theorit, From charn
lo the ith family, in JLT Tapical Workakop on Proton- Antiprotan Collider Physics, Rowe, Jarnary12- 11,
1353 (1o be pubished),

233 9‘1
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collider could do in the heavy-flavour domain. In fact, the search for new flavours
compares very well with the physies of the cleetrowenk gauge bosous,

We have already discussed in detail (1) a method fo detect new heavy flavours with
a dircet md unambignons identifieation of their ¢ uplike » or « downlike » nature, via
the {etfe} asymmetry measurcnmient,

Here, we propose an approich ta the heavy flavours ut the (pp) cellider which
shows the importance of the asymnieiry method, This appreach is based on known
facis and on few simple hypotheses. Fucts and hypotheses are then extrapolated to
{ppP} collider envrgics,

Qur estimates are compared with the UAL data {%), ie. fheir eleven evenls showing
an isolated (0%} accompained by a hadronie jet.

The facts. The facts arc that

1} the heavy flavours AY and AJ ave produced at ISR energics in a «leadings
way (%), ie.

n da/dx o (1 —x)*,
with ax~1;

2) the ¢ heavy s-quark masses are in the following ratios (4):

{2a) mfni, =~ 3.5,
{30} myfoi, == 11 5

3y there are good reasons Lo helieve (f) that the s strange s-quark mass, w,, is
heavy cnougl to behave like a heavy flavour, sueli as « cliarm v and « beanty »

4) the cross-sections for the heavy Havowrs estranges (s), echarms (¢} and
« heauty » (b) are measured up to the 151 cnergies, even if with large uncertainties
{c and b};

5] all genorulized Cabibbo angles, measured so Far, are cither swall or compatible
witli being swmall.

The hypotheses. The hypotheses are

I
(20) e -m(ulllil_:;i:
w,  wm{downlike)
2)
o y _wdily ¥+ 1)

m ™ (_f:nu_i i_y_.\_.). o

3a) the eross-sections for production of heavy flaveurs are mainly dictated by
dimensionality and scaling:

(9 G, AwNtsox of al. (UA] COLEABURATION): preprint CERN-EIMSI-13 (19583).

(M M. Basiee, G Cais Iomeo, Lo Crraninss, A, Coxmix, G, IFAE T D Cesane, B Eaesen
P, Givsrr, T. Massad, F. Papsmoxakl, G, SawToReln, G. VALENTD and A Zicaten: Lell, Neooro
Cinienta, 30, 487 (1981); Nworo Chiacafo o, 65, 120 (1981).

() A& MamTix: preprint CERYN TI-3314 (1982),
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dimensionality says
oo (1fm)2,
scaling says
ax f{+/8m,) ;
thercfore

(4) ax (l,l':..u,)’f(\/g;’m,),

witich means that the knowledge of the cross-section for the preduction of a heavy
flavour having mass m, at enorgy (/5 ); ailows us to know the cross-scetion of a heavier
flavour having mass m, at tho scaled energy (/7),, according to

(5) ‘7}[(‘/;}1 = {mfm,) X(\/;}‘] = Ui[(\/;}.'] X{mfm )t

3b) the cross-sections for heavy-flavour production can be predicted by QCD {*);

4) the generalized Cabibbo angles, even those coniing fromn the existence of the
4th family, are small, and the ¢« Aavour changing » neutral currents are forbidden to
any order of family, The amplitude for a transition from family ¥ to family (¥4 a)
has a coeflicient

H &in g, ;

=, x
this implies that the dominant tramsilions are those between neighbouring families.

The extrapolations. The extrapolations are

la) the «leading » plenomcnon holds for the preduction of heavy Aavours at
the collider energics;

13) the aleading » phenomenon is also present in the decay of the hoavy-flavaured
states;

2) 1”__‘23'5:&(112@_: H
m, ni(downlike)

, mi{faunily ¥ L1
3 Drog LRy N D

, m(fainily ¥)

4a) the cross-sections measured for «s» and ¢ ¢+ at lower energies can be cxira-
pelated to the (pji) eollider energy, by using formula {5);

4b) the eross-scetions caleulated by uwsing QCD (5) can be extrapolated, by using
formula (5), to very heavy masses at the (pii} ecollider energica,
The counsequences. ‘The consequences are the following:

la} The eleading v plicnomencn in the production of heavy-fluvoured states at
the (p[r) collider, produces an (e*fe”) asymmetry which changes sign from tle proton

'} Tt. Oporico: preprint IFUR 833 (1932
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to thic antiproton hemispliere and is (e*fe”) encrgy dependent. Kotice that the asym-
metry method allows the «uplikes or « downlike » nature of the new heavy flavours
to be distinguished in a direct way.

This effect has already been discussed in detail elsewhere ().

15} The «leading » phenomenon in the semi-leptonic deeay of a heavy-flavoured
state, produces a very specific pattern: the heavy-quark side of the decay state has
a depressed « Ladronization » and it reeoils against the weak intermediate boson, i.e.
against the {ev) pair.

2) The mass of the « top » quark is expected to be in the 25 GeV/e? range. This
mass value is important because it determines the energy available in the decay from
& heavier quark.

3) The mass of the first member of the 4th fanily, «downlike s, (called 4 super-
beauty #) {1) is in the 585 GeV/e* range. We will, therefore, take Am = 30 GeV/e® as the
typical mass differcnce in the deeay of «superbeauty » into « top ».

4) The values of the eross-sections for ¢top» and ¢« superbeauty s are given,
respectively, in fir. 1a) and b) as extrapolations from «8» and from «c¢». It is inter-
esting to note that these two ways of getting cross-section infermation in the {pp)
collider range arc not in violent disagrecment. Furtlermore, the QCD  expeetation
is within the «charm» extrapolated range of uncertainty in the « superbeauty » casc.

Comparison with preliminary data from the CERN (p[i} eollider. As a frst step in
the study of the heavy-quark physics using the (pp) eollider, we propose to compare
our predictions with the data already available from the {pfi} ccllider.

In their search for electron eandidates, the AL collaboration finds 16 cvents with
an isolated electron {2). Five of these events are aitributed to W decay, while the
remaining 11 are characterized by a ¢ jot activity » in the azimuthal region opposite
to the isolatcd clectron. The cvents corrcspond to a total integrated luminosity of
L =20ubt,

According to the Maonte Carlo program discussed in detail in a previous paper (1),
the acceptance for clectrons originated by « superbeauty » decays in the phase-space re-
gion defined by the UAl data {py > 13 GeV/e and, for the pelar angle, 25° < 8 < 155%)
is, for baryon and antibaryon duecays,

£,(0%) = 0.08
and, for meson and antimeson decays,
£fet) = 0,12,
We can, therefore, use the approximation
gles) = gpfed) = glex) = 0.1,

Since the heavy flavours are produced in pairs, the total efficiency to seo at least one
eleetron from the semi-leptonie decay of wsuperbeauty » is

eqfet) = 2 xefet) = 0.2,

o561
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where we have assumoed equal semi-leptonic branching ratios for baryon and meson
docays.

The roquest of e jet activity » opposite in azimuth to the clectron, gives risc to
another acceptance factor, gy(jet), which we can derive by analysing the badreuic
pattern of the «superbeanty s semi-leptonic decays predicted by our Monte Carlo
stmulation, accarding to the « jet ¢ definition outlined Ly the UAL eallaboration, i.c.

i} all particles with pp > 2.5 GeV/ie are associated to a jet, if their separation
in phase space is

AR =V (Ag)* + (An)t< i

with Ag in radiats and n{= pscudorapidity) = —In (tg0/2);

ii} all other particles are associated to the jet defined as in point i), if they
satisfy the conditions

pp relutive to the joi << 1 GeV/e,

0 relative to the jet << 45°;

iif) the total transverse energy of the jet must be greater than 10 GeV,

I

Efficiency

]
?
!
!
f
?
[
i

0 1 A 1 M i "
90c 129° 150° 180°

| a0]

e, jet

Fig. 2. — Efficicney o4, Lhe cut volue in the difference of azimuth || butween the electrou and thoe
hadrowiv jet im « superlicauty « decay, as devived from the Monte Carlo simulation.
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The result is

eglict) =~ 70% .

On the other hand, as shewn in fig. 2, the condition that the jet is opposite in azimuth
to the cleetron within Ag = 30°, is nearly always satisfied.

The number of electrons frow s superbeauty ¢ seni-leptonic decays in the UAl
eleetron samptle is, therefore, given by

{6} Nie) = 0, X BR 1 L Xegled) x eg(jet),

10 -
- SUPERBEAUTY
1 b —
-t i
= T i
10— —
2 R 1
E — —
102 o

[ ] 1 11 111 I 1 ] l | I |
10’ 10° 10

Vs [GeV ]

Fig. 3. = Wlere the cross-section evaluated from the UAl data fulls,
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P, {electron} [ Gev/c ]
Fig, 4. ~ Pr Bpectra of the cleetrons produced in the decay (sh) — tev, for different (defdppyce
& prexp| - bpg] production distributions of the parcnt (su) prarticle, and comparison with Uai

data, The normalization s for pPr > 13 GeVie

.
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where BR is the semi-deptenic branching ratio of the esuperbeauty » state (Y, taken
to be BR ~0.15, a,, is the cross-section for the production of # guperheauty » par-
ticle states at the (p[i) collider, and the other symbols have already been defined.
From the TAL it results: N{et) = 1143,
Note that, in {6}, the efficiencies for the clectron trigger Lave not been taken iuto
aecount. They arve as follows:

i) The elliciency for detecting +isolated » electrons, i.e. with no other pariicles
with pp> 2 GeVje in a 20° cone around the electron direction, Here the risk is in tle
random vetoing, otherwise the officiency for genuine events is very high. From UAl

data (2) it is possible to deduce the upper limit for random vetoing: it must be below
759, and it could be, in fact, pratically zero,

ii) The efficicney of the energy cut Ep > 15 GeV/e, due to the finite resolution
of the EMSDs. This efficicncy can be evaluated to be > 95%, by using the guoted
EMSD encrgy resolution {AE/E = 0.15/vE}.

1 r T

0.3 _ ‘ A
o .
n
W
lp
v
s 0.2}
ol
z
[ L]
n
A
a” o1} 7]
[
- 0 i ] " 1 "

0 0.5 10 15 20 25
b {GeV "¢ ]

Fig. 5. - Efficiency of the Monte Carlo slinulation for the 1Tl electron seleclion, as a functinn ot
the exponcnt purwmeter & in the paeent {(8b) py production distributlen,
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Figure 3 shows the cross-section corresponding tc the {1113) eveuts observed.
Notice that the ¢« experimental » finding of UAIL falls in a remarkable range of agree-
ment with the ernde extrapolations from « charm » and QCD,

Going further, we have eompared the p, distributions of the (ex) from T A1 with
that from our Monte Carle simulation. This is shown in fig. 4, where the Monte Carlo
expectations are obtained using different values for the parameter & in the « supcr-
beauty » production process: '

do/dpy o« prexp[—Ip,].

Data and Monte Carlo distributions are normalized to the total number of evenis
Pp> 15 GeVle,

A value of b = 0.20 (GeV) Ve, i.e. a mean value for the production average trans-
verse momentwa, {pg>, of the order of 10 GeV/e, fits the UAL data quite well. This
value for & is much smaller than the value (b = 2.5) which we found in our study of
« charm » production at the ISR (8}, However, it should be noticed that we are dealing
here with the production of a flavour much heavier than « charm s, The value b — 0.2
is in good agreement with the preseription (pf> =m?/4 (m is the quark wass) used
by Oporico (5) to compute the « charm s production properlies from flavonr excita-
tion,

The efficiency for detecting electrons with pp > 15 GeVie in the Monte Carlo sim-
ulatjon does not change very much for b > 0.2, as shown in fg. 5. Thus the total
s superbeauly » cross-section, derived by formuia (6G), holds, within 4+ 309, even with
this very low, but expected, valuc of b,

As mentioned above the « downlike ¢ nature of the ohserved (114 3) events cannot
be established in a direet way. It is based on a chain of self-consistent arguments.
Let us give up the ratio (2b) which binds the ¢ top s flavour to be in the 23 GeV
range. If we repeat the analysis without this constraint the {114 3} events can be
reinterpreted as the «uplike s signature, with the « top » flavour mass 30 GeV above
the ¢« beauty » flavour. The value of the cross.scction would in this case be as shown
in fig. 6.

Conclusions. A sequence of arguments based on known fucts, and on simple
hypotheses, extrapolated to the CERN (pp) Coltider enecrgics, allow us to conclude
that the {1113} cvents observed by the UAl colfaboration and consisting each of a
single (e*) aeccompained by a jet activity in the opposite hemisplere, correspond to
a value of the cross-section expected for the production of a very-heavy-flavoured state,
in the 55 GeV/e* mass range. Morcover, the ebserved py spectrum of the {ex) follows
tlhie expectations for the semi-leptonic decay of a very massive state, again in the
55 GoVfc® mass range.

It should, however, be noticed that the identifieation of the « downlike » naturc
of the beavy-flavoured state is based on a serics of hypotheses which produce the

(*} M. Basieg, G. Cara Roxeo, L, Crirageret, A, CoxTiN, (. DA, . In CEsARE, I, Esro3ito,
P. GiUsTL, T. Massad, F. Parsoxani, G. SARTONELLL, G. VALENTI and A, Zicuicui: Lefl, Nuore
Cimento, 30, 431 {1981); M. BasiLy, 0. Cara Rosio, L. CivanELLT, A, CoNTIN, G, IVALL P. D1 ()
saug, B. Esrosite, P, Givat1, T, Magsad, 1L Naxis, F. FPatLuoxanr, G. SARTOLELL], €, YVaLLNTL
and A, Zicureui: Lefl. Nuwero Cimento, 33, 17 (1952).
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R TOP (mt=35 GeV/c?) B
107 - -
3 ;
- 1 = —
=] [~ -1
= L -
S 0 P E
— ! f 3
- / n
ad f p—
- I -
; 1 UAT .
- f -

i
W2 — QL0 extrapolation —
e i 1 vraal 4 'S B A

102 103
Vs (GeV)

Flg. G, — Comparison between the cross-seelion evaluated from the VAL data, and the cross-seellona
derived from « steapge » {full line) apd «charn s« {dashcd lines) followlng formula {3) and using for
s top ¢+ the mass value m, = 35 GeVie,

correet Am o2 30 GeV/e? for the (ef) transverse-momentuin spectmm observed, and the
covreet magnitude for the cross-section. JF we were to ignore the cross-section and
the quark mass ratios whicl allows us Lo predict the masses of the 4th Lunily, the
only parameter left to fit the observed {(e*} transverse-momentuin spectrum, would be
the value Am ~ 30 GeVie?, In thiz case the conservative interpretation of the UAl
results woutd be a « top » with & wmass 30 GeV/ie® above the « beauty s,
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This shows the importanee of our propesal {1} to study in detail the production
of new heavy flavours at the CERN (pp) collider, by measuring the (et/e™) asyminctry.
In fact, the sign of the asymmetry allows the identifieation of the « uplike » or « down-
like ¢ nature of the heavy-Rvoured state in a direet and wnambiguous way, Moreover,
the (ctfe) energy dependence of the asymunetry allows us to establisk the correct
scquence of

+ downlike » = ¢ uplike »

decay chains for the new heavy flavours, and their mass difforence.

CERN M. BASILE, e al.
BERVICE DINFORMATION 18 Giugno 1983
BCIENTIFIQUE

Lettere al Nuovo Cimento
Serie 2, Vol. 37, pag. 255-200
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ABSTRACT

A new method of searching for heavy flavours "up-like" and
"down-1like" in hadreonic interactions at the CERN pf Collider is
proposed. The method is based on the measurement of the e*
asymmetry in the proton and antiproten hemispheres. The ampli-
tude of the asymmetry depends on the "leading" production of
baryons and antibaryons -- the sign on the "up-like” or "down-
like' nature of the heavy flavour carried by the baryonic states.,
A detailed study of cross-section estimates, production and decay
distributions, aund detection acceptances, shows that the effect
lecks measurable at the CERN pp Cellider.

INTRODGCTION

The problem of searching for heavy flavours at the CERN pp Collider

is, needless to say, of the utmost importance. At this meeting you have
-

heard a lot about Z° and W : in this case the cross-section evaluations

are easy. Moreover, their “expected" masses are well known. The Z°® and

+ : . . . .
W~ will play a crucial role in our understanding of the electroweak forces.

1f 2% and wt are found at the expected masses, we can conclude that the
heavy bosons expected as manifestations of the broken local gauge symmetry

indeed exist.

This discovery will, however, shed no light on the other two key pro-

bléms of subnuclear physics: the family, and the hierarchy.

’

Presented at the "3rd Topical Workshop on -
Proton Antiproton Collider Physics",
Roma, January 12-14, 1983,
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Finding the "top"” will allow us to conclude that the 3rd family does
exist, and that it looks like the other two. Studying the 4th family will
open a new way towards the understanding of the families structure. The
four families are shown in the next graph. The main objectives of the

present paper are indicated by the dotted circles:

1st 2nd 3rd 4th
/""'

u c 1\!_:/‘, Uy

d s b ffq\
\-\—
v

v, \)pl Ve .

e u T LH

Let me say a few words about these objectives. The reason for a 3rd
family in the quark world came from the PC violation (six quarks are
needed), and the Adler—-Bell-Jackiw (ABJ) anomaly cancellation (the number

of leptons should be equal to the number of quarks). In the 3rd family,

there is a missing quark: the "top".

top (We propose continuing to call it

n o,
H

top': the "truth' should be the last quark ever to exist}.

There is an interesting problem in SUperSYmmetry (SUSY). A very
heavy quark is needed so as to avold a conflict with the existing lower
iimits in the glu}no mass [l]. This quark should have a mass in the few
10% Gev/c? range,‘in order to produce radiatively (see Fig. 1) a few
Gev/c? mass for the sluino. The existing quarks (s, b, and ¢) are not

heavy enough for this purpose.

On the other hand, nature has often provided physicists with more
regularities than are needed., TFor example, the equality between the proton
and the electron charges, which it took more than three decades to under-

stand.

We propose to consider the ratio between the masses of the known
heavy quarks as a limit for the regularity in their masses. There are
good reasons [2] for considering the strange gquark to be heavy enough to

be used in our argument.

10.2
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"At present we know that
i) (mc/ms) = (1.8/0.5) = 3.5 % 4 ;
i) (mb/ms) = (S.S/Q.S) = 11 = 10 .

Suppose that (i) and (ii) are of general validity, i.e.

(mc/ms) = [m(up—like quark)/m{dowvn-tike quark)] =4 , (1)
and

(m /m ) = [m(family N+1)/m(family N)] = 10 . (2)

We ignore the 1lst family (u,d) because of its very light mass. The
validity of Egqs. (1) and (2) would allow us to conclude that the “top"
mass is in the 20 GeV/c? range. This is too light for supersymmetric
models to avoid a gluino mass in confligt with experimental data. On the
ather hand,.SUSY tells us that the maximum number of flavours nf allowed
in order to have a2 consistent theory (for example: the unification limit
not above the Planck mass) is ne = 8. This means that the maximum number
of families is four. 1In the theories that ignore SUSY, the asymptotic

freedom is lost if n, > 16.

What is not forbidden in nature, deoes take place. Thus the message

From SUSY is twofold:

1) four families of guarks are allowed;

ii) quarks heavier than (d, u, s, ¢, b, and t) are needed.

Equations (1) and (2) tell us that the 4th family would have the
heavy masses required by SUSY. In fact, using Eq. {(2), the heavy down-—
like quark [called, in the following, ''superbeauty” or (sb)] would have

a mass in the 50 GeV/c? range:
m{down-heavy) = m{"superbeauty™) = 10 x 5.5 = 55 GeV/c? ,

‘and, using Eq. (1), the heavy up-like quark would have a mass in the
200 GeV/c? range:

m{up-heavy) = m{"supertruth") & 55 x 4 = 220 GeV/c?

~ The up-like quark of the 4th family should be called "supertruth”.

In fact, this very heavy mass is required by SUSY; moreover, if SUSY is

573
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a geood theory, the 4th family should really be the last of the quark

families ever to be discovered.

Now comes a key question: If "top" and "superbeauty" are accessible
to pp Collider energies, how can they be detected? In order to answer

this question we need to discuss:

i) production cross-sections;

ii) angular and momentum distributions of the production and the decay;
iii) branching ratios inte semileptonic channels;
iv) luminosity;

v) rejection power of the experimental set-up designed to observe the

leptons produced by the decay of these "new" flavours.

We will concentrate our search in the semileptonic decay channels.
Moreover, we will restrict the leptons only to ei, and the search only

to the asymmetry produced by these et,

More precisely, the "top” baryonic state will decay semileptonically
into et and produce a positive asymnetry in the outgoing proton rapidity

hemisphere:

Ap = (et - e)/ (et + &7) = positive ,

The "anti-top" antibaryonic state will produce a negative asymmerry

in the outgoing antiproton rapidity hemisphere

Aﬁ = (e* - e7)/ (et + e7) = negative .

The signs of these azsymmetries will be reversed for the "superbeauty”

case.,

t ‘ : 1
The e~ transverse momentum spectra assoclated with "top" and "super-

beauty" will be quite different because

m("top") = 25 GeV/e? ,
m("superbeauty™) = 55 GeV/e? .

Thus the asymmetry will change sign with increasing electron energy.
Figure 2 shows the main trend of the measurement we proposc. This will be

discussed in detail in Secticn 5.

10.4
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The energy range where the et asymmetry has to be measured, and the
separation between the maxima, depend on the mass difference Am between

the two new flavours:
&m = m("superbeauty') - m{"top") .

As we will see in Section 5, the amplitude of the effect depends cn
the production cross-sections, production and decay distributions,
branching ratios, luminosity, and acceptance and rejecticn power of the

experimental apparatus,

The matter is of great relevance: Can hadronic machines compete with
(e*e-) rings in searching for new particle states? Note, for example,
that the PETRA eTe” Collider has already established lower limits for a
"top'-like flavour, a down-like flavour, and a possible new lepton —- all

these limits being at about 19 GeV/c? [3].

A DRIEF REVIEW OF HEAVY-FLAVOUR PRODUCTION TN HADRONIC MACHINES

low to look for "top" and "superbeauty" at the CERN pp Collider is
a problem analogous to 'charm" and "beauty' in hadron machines, and in
particular at the CERN ISR. It is probably instructive to review, very

briefly, the main steps in this field.

2.1 Production cross—sections

The theoretical predictions for the charm production cross-section

and the experimental findings are shown in the following Table 1.

Table 1

Theoretical predictions for the charm cross-section
at ISR energles as a function of o(m).
The cross—section value experimentally found is indicated for comparison.

String model : 107H° N
Fermi-Hagedorn : 1077

QCDh {Fusion) : 107" I o %)
QCD {flavour excitation) : 1072 - 107°
Experimentally ;o107 ~

%) o = 162 mh.

10 A
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If we were to belicve in the string model or in the statistical
thermodynamical model, or in the first QCD attempts (fusion model), the
conclusion should have been that the production and observation of "charm"

is out of the guestion in hadron machines.

Only recently, QCD models (flavour excitation) came nearer to experi-
mental findings. TIn Fig. 3 all the experimental data [4] are shown and
comparced with the various steps in the QCD models. Notice that meither

In (s) nor 1ln? (s) are compatible with the observed threshold behaviour.

2.2 The "leading" effect

A result which was unpredicted by theory is the "leading" effect which

shows up in the production of heavy flavours.

A detailed study of (pp) interactions at the ISR showed that the h:

is produced in a "leading' way [5].

After this experimental result was obtained, a series of theoreticatl

proposals were presented, to account for the "leading" Az production. The

. . . . . + .
dongitudinal mementum distribution ES] for ﬂc was, in fact, found at the

ISR to be

(do/alx]y ~ (0 - |x])%, with o = 0.40 £ 0.25

. The results are shown in Fig. 4. The charmed-meson productiocn [6] was, on

the other hand, measured to be '"nmon-leading', i.e.

L

E¢do/dlx|y v 1 - |xD®,  with o = 3

This can be a posteriori qualitatively understood in terms of the Az

obtained by a recombination of the spectator c-quark with a wvalence (ud)

pair in the proton, whilst the D production is given by the recombination

of the specrator T-quark with at most one valence quark [?,8].

A more complete summary of charm production in purely hadreonic infer-
actions is reported in Table 2. There is no model which can fit all

measured quantities,

10.6
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Table 2

Experimental findings versus theoretical predictions
for various heavy-flavour production properties

Models
Experiment
Diffractive FlaYour- Fusion
excitation

Leading
effect Yes Yes Yes No
Threshold Steeper In s Steeper >> steaper
behaviour than 1n? s than 1n® s | than 1n® s
Mass 7 1/m? Stronger »> stronger
dependence : than 1/m? | than 1/m
Cross—section | Large Large Large Small
A% dependence | o < 2/3 *) | o = 2/3 o =1 0= ..

*) The dependence is derived from data on strangeness.
Pm p

2.3 TFurther comments

For the benefit of those who have strong faith in QCD, it could be
interesting to extend our review. In fact the photopreduction was con-—
sidered a simpler case for QCD. Therefore its predictions should have

been in agreement with experimental findings.
A summary of QCD problems in photoproduction physics is as follows:
a) it is impossible to predict large photoproduction cross-sections of
the heavy flavours by means of perturbative QCD;
b) the P dependence of inelastic (cT), for open and hidden states
cannot be accounted for by QCD;

" ¢) the A-dependence cannot be A'. (Perturbative QCD predicts A
2.4 Conclusions

The conclusion of this short review on the '"charm" flavour productien

in (pp) interactions is therefore as follows:

i} the cross-scction values found are at least an order of magnitudec above
the "theoretical" predictions of perturbative QCD;
+ . - A + - . .
ii) the x-distribution for A, i.e. the "leading' effect, was theoretically
. c

unpredicted;
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17i) with "new" models (essentially flavour excitation [8,9] and non-
perturbative QCD [7]), both cross-section values and x-distributions

can be ''theoretically™ derived.

A1l this should be quite a warning for QCD prediction on heavy-flavour

production at extreme energies such as those of the CERN pp Collider.

3. EXPECTED NEW HEAVY-FLAVOQUR STATES

The main purpose of this section is to call attention to the enormous
number of new states which are expected on the basis of the old and new
flavours. In order to attempt to give order to the vast multitude of
states, we will limit ourselves to the possibility that they will follow

the global symmetries already known with (udsc).

3.1 Examples from previous experience with SU(B)uds and SU(Z;)‘st

c

The following graph illustrates what could indeed happen.

_- C""SU{Z“)udsc

— 5 -—-SU( 3 )uds —T 1 -"-SUU}) udst

- st—SULL) uds{st)

— ¢ =SULL) Lgp.

SUI2)yg —b~SU{3)ygp ——t~SUL4) g

\—st-—-SUUi-) udhist)

— o~ SUA) ygienie

s~ SU(3) udish)y T T"'SU{ b) uclshit

. ' st=SULLY giesh)
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With three flavours {u, d, and s) the famous SU(3)udS came out. It
coulid be that "beauty" will produce another SU(J)udb. The advent of the
"charm" with four flavours (udsc) produced SU(&)UdSC. On the other hand,

: " " - -
with the "top" there are two possible SU(4): SU(4) ., . and SU(é)udbt'

Despite the large mass differences amongst the various flavours, it
could be that nature will provide, as usual, more regularities than are
required. The above global symmetry groups for the structure of the
various possible particle states could eventually show up, even if not

expected.

1f "superbeauty" was there, we would have even a larger set of SU(3)
" and SU(4) states and, in addition, all combinations of purely singlet

states such as s, ¢, b, t, and (sb).

Examples of SU(4) structures using u, d, s, ¢, b, t, superbeauty (sb),
and supertruth (st) are presented in Figs. 5 to 7. They include mesonic

and baryonic states.

If we enlarge the symmetries to the Lorentz spins and angular momenta
amongst quarks, the multitude of states increases further. These are in-
dicated, for the first three flavours (u, d, and s) in Tables 3 and 4 for

the mesons and for the baryons in SU(6), respectively.

Table 3

SU(6) mesonic multiplets

PC Particle Number of
SU(6) SUg| J states states
—+ '
[Gsone1]; =08 |0 | ™M 36
8@1 1—ﬂ p’ K ¥ w, ¢
8®1 | 177IB, Qu,2 ... ?
s@1 | 0™ s, x, 5%, ¢
fesenesli =g | 1**ia, Qi,2, 0, | 08
g1 | 2" |a, X, £, £
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Table 4
Baryons in SU{6) multiplets

E r Standard names of
[sue), 7] SU(Bg | J particle states
560" 8 {1/2°| N, A, T, BT
56,0 ) ! .
10 | 3/2tiNt, ook, EF, o
1/2 | Repeat singlet
8 1/2° | Repeat octet
10 1/27 | Repeat decuplet
1 3/2 | Repeat singlet
(70,17) 8 3/2 | Repeat octet
10 3/2 | Repeat decuplet
1/2 | Repeat octet
3/2 | Repeat octet
5/2 | Repeat octet

[Repeat means that the quantum numbers (isospin
and strangeness) of the states are identical to
the "octet'" and '"decuplet' already known for the
56-case.
An example of how the multitude of the states goes with the mass is

shown in Figs. 8a and 8b, where the masses of the particles run from a few

GeV/c? to 60 GeV/c?.

3.2 Note on the semileptonic decay modes: Cabibbo dominance

A fact of nature is that the matrix which relates the down-like "weak"

flavours "Cabibbo mixed",

to the "strong" flavours
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is approximately a unit matrix
d 1 0 0 d
c
s = 0 1 0 s
c .
b 0 0 1 b
c

We will now follow the expected gencralized Cabibbo dominance in the
decay of the flavoured gquark, as illustrated in Figs. %9a and 9. All that
we need is the charge sign of the lepton in a transition from an "up-like"

to a "down-like" flavour. This is summarized in Table 5,

Table 5

How to compute the electric charge sign of the leptons (ei or ut)
produced in the semileptonic decays of quarks

Q6 @)

+ + + ¥

G ) ()

The charge formula can be written as:

7 « 0DD (= UP~LIKE) QUARKS
(8) + EVEN (= DOWN-LIKE) QUARKS

Q= (1/3+£)/2,

with._
fi = +1 for odd quarks (i = 1, 3, 5, 7),
fi = -1 for even quarks (i = 2, 4, 6, 8).

From this fallows the electric charge sign of the lepton in
the semileptonic decay of the flavour:

ODD - EVEN (UP-LIKE -+ DOWN-LIKE) TRANSITIONW = POSITIVE LEPTON
EVEN > ODD {DOWN-LIKE - UP-LIKE} TRANSITION = NECATIVE LEPTON

As will be seen in Figs. 10, a sequence € + b + ¢ > s will be accom~
panied by the semileptonic serics giving rise to e* + e~ > e*, For the
antiquark sequence T + b - ¢ + &, the charges will be reversed (e~ - e' -
+ e ). These results are straightforward consequences of the previous

table.

1011
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CROSS-SECTION ESTIMATES: HOW TO GO FROM STRANGENESS TO CHARM, BEAUTY,
TOP, AND SUPERBEAUTY

Now comes a key question: Once we know the "strange" and "charm”
cross~sections, is it possible to predict the heavier flavour [c, b, t,

or (sb) ] cross-sections in hadronic collisions?
Simple arguments bring us to the conclusion that
o(m) v (1/m?) x £(s/m?) . ) (3

In fact, the only gquantities which enter in the problem of producing °
a (gq) pair, having at disposal the total energy /g, are the quark mass m

and the total energy /s.
Formula (3) is based on dimensional and scaling arguments:

Dimension says that: ¢ ~ (1/m?).

Scaling says that the two quantities m? and s are such that nothing
changes if their ratio (s/m?) is kept constant; the ratio (s/m?)
is the dimensionless quantity neceded if no other scale would

remain in the game.

The basic formula is therefore:
o - 2 - - N
oi[o@)pp = E;] = (og/m)? %o L), = & (m, /m)E ] Q)

where
-‘-
., 0. are the production crosg—sections,
J
M. , mj are the masses,

E., Ej are the emnergies
at which flaveurs fi and fj are produced.
The results are shown in Figs. 11 to 14, where we have used

i) the stranpeness data to predict ¢, b, t, and (sb);
ii) rthe "charm'" data to predict b, t, and (sb);

iii) the "beauty' data to predict t and (sb).

Fidally, for completeness, we also report the most recent QCD pre-
dictions of [7] and [8] (Fig. 15).
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THE STUDY OF THE LEPTON CHARGE ASYMMETRY AND ITS ENERGY DEPENDENCE
AS A WAY OF DETECTING THE HEAVIEST FLAVOURED STATES
{BARYONIC AND ANTIBARYONIC) AT THE CERN pp COLLIDER

Many possibilities have been suggested for detecting the production
of the heaviest flavours at the pp Collider. They are summarized in

Table 6, together with their main difficulties.

Table 6

Summary of the various experimental methods which can be used
for detecting the production of heavy flavours at the CERN pp Collider,
together with their main difficulties

States to Method - Problems with the method
. be observed
Hidden Invariant mass Low cross—sections and low
(2*27) pairs branching ratios
Open Invariant mass of the | Low branching ratios for
decay products exclusive channels, and high

combinatorial backgreound
due to the high multiplicity

of the event

Study of multilepton | Low cross~sections due to the

events multiple branching ratios

) involved
Study of inclusive Need for a high rejection power
lepton P spectra against hadron background

Here we present a new method of observing the production of heavy
mass states, either up—~like (*'top') or down-like ("superbeauty"), which is
based on the "leading" baryon effect production mechanism, extended to the
heaviest baryon and antibaryon states. 1In fact, owing to this production
mechanism, a charge asymmetry of the leptons originating from these heavy
flavours can be observed in a selected region of the phase space. More-

over, this asymmetry will show an encrgy dependence characteristic of the

masses of the decaying states.

583



584

10.14

5.1 Definition of the asymmetry parameter A°

Figure 10 shows the leptonic decay chains, fellewing the generalized

Cabibbo dominance, for the variocus flavours ¢, b, t, (sb).

Once a particle—antiparticle pair has been produced, the number of
positive and negative leptons from its decay is on the average, equal.
However, in the following we will discuss under which conditions we can
chserve an asymmetry in the number of positive and negative leptons, which-
is due to the different longitudinal momentum production distribution for
baryens and mesons and to the dependence of the lepton p, spectra from the

product particle mass.

Let us define the asymmetry parameter as

NLYy - N
A%(p.,B ) = , (5)
Theut™ oty + N -

+ = +. - = . .
where N(%' ) = N(&"; Py ecut) and N(L ) = N(Li7; Prps ecut) are the number
of positive and negative leptouns preduced in the angular range 0° < § <

< it 3 v .
ecut and with transverse momentum pT
The number of positive leptons &' is expressed by
+a + + + +
N = Yo 5 4+ n (7)) +n () +a D],

where L is the total integrated luminosity and nf(2+) [with f = (sb), t,
b, c] is the conptribution from the direct production of (sb), t, b, ¢

states.
Analogously the number of negative leptons is given by

NG = 1fn (07) + 0 () + 0 (87) + n (4] .

The leptons originated by the decay of the various flavours and anti-

flavours are summarized in Tables 7a and 7b.
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iii)

All the heavy-flavour (a) and heavy-antiflavour (b) decay chains
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Table 7

producing &* and £~

585

a) .
Flavour Decays producing &F Decays producing £
sb sb >t b+ &F sb = ¢t + 27
sb>t=>b+>c+s+ 85 ]sb>rt+b+ec> 8"
t t +b + &F t+b e+ &
t>b->c+s + £+
b b>c¢+s + oY b +ec+ &7
c e > s+ 2t
b}
Antiflavour Decays producing & Decays producing &
sb sbo> T+ 87 sb > E>b + 2
SbstobrT+ 8t sb>T+b->e>5+ 8
t le>6»c+ 2" t->b+ 2
t>b>rc>s + 47
b b»zc+ g¥ b>c—+5+ &
z crs+ L

In order to write down explicitly nf(2+), let us define the following:

UEOE: total cross-section for the production of open (f,f)- pairs;

e ——: i n the inclusive - i
pr’ th’ pr’ pr ratios betwee u Eross scction for
antimeson, B = baryon, B =

and the total cross—scction OEOE;

producing {M = meson, M = antibaryon)
states,
B = T ot 1 i : ineo 1

Rigro BRoz s BRyc1s BRyz/: semileptonic branching ratios of the

various states with flavour f' [f’ =ec, b, t, (Sb)];

4N 4
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. + * +

iv) L (Q 1) Eﬁf( f')’ Bf(i 1) ﬂ-(if,): acceptance for & frem the
lepconlc decay of the flavour £’ produced in the decay chain of
the state with flavour £. This acceptance is a function of the lepton

P and of the cut in 8 < ecut applied to the lepton polar angle.

Accordingly, we have for the case of "superbeauty"
+
+ BR
W sb PRy ¢ S sb PO T PRy By o (t0]

* Py —"[ X 5 Cm "E(P“—T:‘) * BRy 5 g _"(L)]
(R )+

(2 } = 0tot [p

B sb [BRB t B sb B c B sb )]

T P§ 5% I:BRB 36 B ‘b’(g_) * BRB 5 %5 355 Io8)

and
tot ' - -
&) =0 log o5 DBy £ &5 558 * Pme R 5]

Py op (BB op Ex sb(Fsn? * PRn O ob (%) ]
- » e 0z
+ 05 o5 LB £ 55 58 * PR 5 %5 55° 5]

(Rsb) + BR

+op o D8Ry ) £ op 3b °B ob (%) 1

: + + +
The analogous expressions for nt(ﬁ—), nb(i_), and nc(ﬂ_) can be easily

derived and are not reported here.

Trom the above formulas it can be seen that in order to evaluate the

asymmebry parameter An, one needs te know:
bl

i) the total cross-section: gtot,

ii) the decay branching ratios: BR;
1ii) the efficiency relative to the production distributions of the baryon
or meson states and to the lepton distributions in the decays: g5

iv) the relative fraction of baryons and mesouns: p.

We will now discuss in some detail the assumptions we made for these

quantities.

5.2 The total cross-—sections

We will extrapolate the total cross—sections for the heavy flavours
at the CERM pp Collider cnergies using formula (4) and startiug from the
strangeness cross—section. Using the known masses for "charm' and 'beauty"

baryons and mesons, and the values!

10.16
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m,_ = 25 GeV/e?

m . = 55 GeV/c? ,
s

for the "top" and "superbeauty" particles, we obtain
P y P

o, * 2000 b, . (6a)
o =~ 140 e, (éb)_
g, = 1.5 uwb , (6c)
csb = 0.15 ub . (6d}

Other estimates, from perturbative QCD, will however be taken into
account when discussing the results. It will be shown that, under some
conditions, even these very low cross—sections (Ob % 10 yb and Ut =

= 0.1 ub [12]) give rise to a measurable asymmetry.

5.3 The decay branching ratio

Recent data from CLEO [13] give for the semileptonic branching ratio

of the "beauty™ mesons:
+
- -+ all) = 0. .
L > & )/(Mb all) 13
' For quark masses greater than the '"beauty" mass, the semileptonic

branching ratioc should be even greater, approaching the value 0.16 which

is expected from the quark colours and leptons counting.

In our Monte Carlo simulation we assume the known semileptonic

branching ratios for “charm':
+
@+ LY/~ all) = (0.085 ,
Lk
(> )f(ﬂz ~ all) * 0.045 ,
and the conservative value of 0.1 for all other heavier particles.

5.4 The production distributions of baryon and meson states

The study of the reactions

pp > D + e’

+ anything ,
pp * ﬂz + e~ + anything ,

pp * ﬂﬁ + ¥ 4+ anything ,

1N17
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at the ISR indicate that in baryon-baryon collisions the heavy-flavoured
baryons are produced accordiug to a rather flat x-distribution:
(do/dx) ~ const ,

whilst the heavy-flavoured mescns are produced with softer x-distribution

of the type
E(do/dlx]) » (1 - |x|)?

These distributions will be assumed all through the follewing dis-

cussion, together with the Py dependence
"y -
(do/dpp) " py exp (-2.5 pp)

observed at the ISR in the production of heavy flavours [1&].

5.5 The relative vield of mesons aund baryons

Trom the data on strangeness production at the ISR it can be assumed

that, in (pp) collisions, the following reactions dominate

+ .+ ‘hing = {M ;
PP %-Mcentral Bleadlng anything {Mc’Bl} f
S + + ing = {M M ]
PP = Icentral Mcentral anything {MC’MCI

In (pp) collisicns, because of the antibaryonic nature of the p hemi-

sphere, the following reactions can take place:

pﬁ‘+ Mcentral * Blcading * énything = {ic;Bl} ?
- PP Mcentrall Eleading + anything = {Mc;ﬁl} ?

LE %-ﬁcentral * Mcentral * anything = {?;’MC} ’

PP * By oading B eading © 2VEhing = {5,38,]

In this case, the ratio of the inclusive cross—sections for producing

the four blasses of particles Mc, ﬁc’ Bl, and El’ and the total cross=

sections are

py = Lofu 5B} + JCRERNTC
o0 Lol + ofin Vo
by - [g{jc;gl] + U{Bl;ﬁl}]/U?OE '
oy = Lol B} + ofs38,11/0"" 5

10,18
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with:

otot = o{ﬁC;Bl} + o{MC;El} + G{BC;MC] + O{Bl;ﬁl}

Defining the ratio
leading/total = Pp

the four ratios £ can be written as:

pg = Pg = (leading/total)
Py = 05 = [1 - (leading/total)] .

At the ISR, in each hemisphere the ratio (leading/total) is ~ 1/16 for
strangeness and v 1/8 for "charm". 1In our discussion we will study the

behaviour of A® as a function of (leading/total).

5.6 The lepton decay distributions

The data from CLEQ [15] show that the semileptonic decay of “beauty™
WmESOns Mb, the magnitude of the mass recoiling with respect te the leptons

is very near to the D mass:

n N : n, ® o 12.
db -+ Xew, with MX _ MD 0 GeV/c

Moreover, the mean charged multiplicity of the decay is 3.5, where
the D contributes with 2.5 charged particles on the average. ‘We can
cpnclude that, even at values of the mass as high as the mass of the Mb,
the semileptonic decay proceeds via a three-body decay. On the contrary;
the mean charged multiplicity in the hadronic decays of the M, mesons is
6.3, i.e. the hadronic decay of the Mb produces, on the average, one D

plus four charged particles plus two neutral particles:

Mb + D + 6 bodies

In the following we will consider two possibilities:

i} the total multiplicity of all decays is 3: this is the worst case for
the asymmetry A%

i1i) the tétal multiplicity of all semileptonic decays is 3 and the decay
is Kga—likc for mesons and phase-space for baryons, whilst the total

‘multiplicities ef all the hadronic decays have the known values for
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"charm” and "beauty” (v 3 for "charm", " charm + 6 for "beauty"), and,
for "top" and “superbeauty', the same multiplicity as for "beaury™.
It should be noted that this is already a conservative hypothesis,

since the hadronic decays of "top" and "

superbeauty” can be expected
to produce more particles than "beauty". Higher values of multiplicity

would produce higher wvalues for the asymmetry.

5.7 Estimates of the asymmetry A°

The detection acceptances € have been evaluated by means of a Monte
Carlo simulation, with the conditions set in the previous sections and

for five values of 8 (e = 10°, 20°, 30°, 40°, and 90°).
cut cu _

t
Figures l6a to 16t show the et acceptances in ﬁhe bafyon.hemisphere
for ecut = 30° and model {(ii) of szbsection 5.6 for baryons, mesons, and
antimesons. The acceptances for e in the baryon hemisphere originated
by the decay of antibaryons, produced mainly in the antibaryon hemisphere

because of the "leading" effect, are, of course, negligible.

Figure 17 shows the behaviour of Au(pT, 30%), for (leading/total) =
= 0.25 and model (ii) of subsection 5.6. There are two main peaks: one
positive around Pp = 10 GeV/c, due to the "top" baryon decay into et and
one negative around Py = 19 GeV/e, due to "'superbeauty' baryon decay into

e .

It is intgresting to note that the separation between the two peaks
depends only on the mass difference between the “"superbeauty" and the “top"
states. In fact, in the three-body semileptonic decay the transverse
momentum spectrum of the electrons or positrons scales_with pT/Am, where
Am is the difference between the parent mass and the mass of the hadrenic
pafticle produced in the decay. This is shown in Fig. 18, where the
normalized pr&m spectra of the electrons and positrons produced in the

following reactions are reported:

A;b - At e Y,
h: > AE e v ,
hﬁ - ﬂz e v,
Ao A e v
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The mass differcnces &m have the following values:

1) Am = m(hgb) - m(A:) ~ 30 GeV/c? for the "sb" baryon decay;
i) Am = m(A:) - m(A;) = 19.5 GeV/c? for the "t" baryon decay;
iii) Am = m(ﬂg) - m(Az = 3,2 GeV/c? for the "Bb" baryon.decay;
iv) Am = m(AZ) - m(ﬂz) =~ 1.2 GeV/c for the "c¢" baryon decay;l

Figures 19a,b and 20a,b show the amplitude of the two peaks as a
function of cht and {leading/total) for: a) medel (i} of subsection 5.6
(all three-body decays); and b) model (ii) of subsection 5.6 (greater

" multiplicity for the hadronic decays).

5.8 Backpground evaluation

In what has becn described so far, the background contamination in
the sample of prompt e’ and e~ has not Leen considered. It is mainly due

Lo

i} the misidentification of charged and neutral hadrons in the experi-
mental apparatus;
1i) the prompt e’ or e~ production from sources other than open heavy-

flavour states.

The contribution (i) can bhe derived by extrapoclating, above P =

]

10 GeV/c, the inclusive pion cross-scction as measured by the UAL experi-

went [16], using “the fit to their data:

E(doafdpa) = A X p?f(pn + PT)n s (7
with A = 0.46 + 0.10 mb? ¢2? GeV™?, po = 1.3 * 0.18 GeV ¢! and n = 9.14 %
+0.77.

Formula (7) is relative only to charged pions (avcraged over the two
charges) and is given in units of rapidity. We have assumed the contribu-
tion to the background due to the neutral pions to be ™~ 0.2 of the cross-

scetion (7). The rapidity interval over which we integrated the background

depends on the 8 :
cut

10.21
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Our = 90° , Ay = 4.0,
e = 40° , Ay = 3.0,
8. = 30° , Ay = 2.7,
cht = 20° , Ay = 2.3,
ecut = 10° , 4Ay = 1.5

The extrapolated background rates should be multiplied by a reduction

factor representing the rejection of the background from source (i).

Concerning the prompt electron background {ii), we assume, as a first
approximation, that it would be negligible when compared with the contri-

hution {1).

5.9 Fsrimate of the asymmetry parameter inclusive of background

Owing to the background sources described in the previous section,

the experimental asymmetryy parameter is given by:
+ + - -
] [(N(e™ + UG )1 - [Nee)y + Nbg(e.)]
+ + - -
(e «n )]+ [ + 5 ()]
bg by

exp
A LPT’ cht)

ex
where W (L Y is the number of backpground positrons or clectrons; A P can
then be crpresch as a function of AY and of the signal-to-backsround

ratio. In fact
signal - N(c™)
H oo - :. k]
backpround Nbg(e )

assuming N (e ) = (e ) = (e) and substituting in Eq. (8) the ex-

pressions for N{e™) and N{eh) derlved from the definition of A%, the result

would be
exp A° |
A = : R for A° > 0 3
Q 17 + » . .
ROV EICIEMMON)
3 . o
. ACED A for A" < 0

= /e @)

Figure 21 shows the quantity ASFP plotted as a function of the

sipnal-to-background ratio for various values of A%, The results can beo

10.22
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. ex . . .
expresscd with curves of constant A P as a function of (rejection
versus {cross—section Ffor "top" and '"superbeauty"” production), for

ferent Bcut leading/total, and decay wmedels (Figs. 22 to 31}.

Tahles 8a,b summarize the resulcs given in Tigs. 22 to 31 for

values of the total cross~section. They show the rejection powers

power)

dif-

two

needed

to obtain AP > 0.3 or AP < -0.3, i.e. a rcascnably high value for the

1"

asymmetry, at the "top'" and "superbeauty” peaks respectively.

It can be

seen that, with a rejection power of the order of 10~ %, a large range of

Ocut’ leading/total, and cress-section values are accessible.

Table 8

Rejection power, in units of 1073,
needed to obrain ACXP = 0.3 iun the "top" region (a),

and A®®P = -0.3 in the "superbeauty" region (b),
for various values of 9, and leading/total
2) cu
- Pp = 10 GeV/e (top)
cht (leading/cotal) _ Cross~—scction estimates
[formula (6)] (perturbative QCD)
G = 1.5 ub g, = 0.1 ub
O, = 0.15 ud Ogp = ¢.01 wb
Model (i) | Model (ii) [Model (i) |Model (ii)
0.1 3.0 3.5
10° 0.25 10.0 12.0
0.5 15.0 18.0 1.
.1 1.3 1.
20° .25 8.0 9. 0.5
.5 20.0 23.0 1.
0.1 - - - - ’
30° 0.25 6.0 7.0 0.4 0.4
0.5 19, 22.0 1. 1.2
0.1 - - - -
40° 0.25 3.5 4.8 0.3 0.3
0.5 17.0 21.0 1.0 1.1

593
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- 458 =
b)
Pr = 19 GeV/c (superbeauty)
scut (leading/total) Cross-section estimates
[formula (6)] (perturbative QCD}
g, = 1.5 b Op = 0.1 b
Usb = .15 Ub Osb 0.01 Ub
Model (i) | Model (i1} | Medel (i)} Model {(ii}
0.1 0.4 1.0 0.02 0.1
10° 0.25 0.9 2.5 0.1 0.2
0.5 1.7 4.5 0.1 0.3
0.1 2.5 5.5 0.2 0.4
20° 0.25 10.0 20.0 0.5 1.0
0.5 1.7 4.5 0.1 0.3
1 - 2.2 - 0.2
30° 0.25 9.0 25.0 0.6 1.1
0.5 23.0 455.0 1.6 2.0
.1 - - - -
40° 0.25 4.0 19.0 0.3
0.5 20.0 40.0 1.5 2.0

5.10 Conclusioné

As an example of what can be obtained experimentally in terms of

ex . .
the asymmetry A p’ let us fix some of the parameters im a reasonable way.

We take (as in Figs., 29b and.293):

1) (leading/total) = 0.25,
. T =]
ii) Ocut 307,
i1i1) decay model {ii).

Moreover, in order te have an estimate for the experimental errors on ACXP,
we assume a total integrated luminosity L = 300 nb™' (foreseen for 1983 at

the CERY pp Collider).

Figures 32a,b show the plot of ING as a funcrion of Do for a re-

» . —3 - » -
Jection power of 10 and for the two cross-section estimates: as 1In
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subsection 5,2 [formula (6)] and as from perturbative QCD (Ot:USb = 10:1),

respectively., The errors are purely statistical.

Figures 33a,b show the expected number of produced electrons as a

function of p,, with the same two assumptions for the total cross-sections.

rln’
Superimposed is the expected background, as defined in subsection 5.8, and

with a rejection factor of 1072,

It could be that the rejection factor needed is.much less than 1072,
In fact, a very heavy state {(such as A: or ﬂ:b) decaying semileptonically

Jet

may have the hadronic "

recoiling against the lepton pair. The study-
of the hadronic pattern associated with the (e¥) could be of such a help
in the selection of good events that a rejection power much below 1073
would be sufficient. For example, an order-of-magnitude improvement would
mean that the data which, at present, are quoted with a rejection of order
l0_3 (Figs. 22-34), would reach the level of 107*. In this case, all ocur

expectations would be scaled by this factor.

For completeness, let us mention that, at present, the {(ef¥) ratio in

the pp range above Vv 20 GeV is not known at the CERN pp Collider.

In order to compute the statistical significance of the obscrved

P

.. . . ex
cffect, it is convenient te integrate A cver the Py ranges:

i) 7<% pT,S 12 GeV/c, correspending to the "teop"” region;

ii) 14 < Py S 23 GeV/e, correspending te the “superbeauty” region.

This is equivalent to the experimental procedure of fitting the data to

reduce the statistical errors on the single points.

Figures 34a,b shov the number of standard deviations that can be

’ . . : ex
obtained in the measurement of A P

, in the "top" and in the "superbcaucy”
regions, respectively, as a function of the total cross-sections o and
-Osb and in the samc conditions as those specified above. The %0% confi-
dence level in the measurement 1s also indicated. These results show that
espeeially in the "top" case, a high statistical significance can be

reachied with a moderate rejection power, even if the total eross—scction

for “top" production is as low as 0.1 vb, 1l.e. the value predicted by QCD.

Figure 35 shows the hehaviour of the ratio (signal/background) as a

1n

function of the total cross-section for "top™ and "superbeauty” and for

different values of the rejection power.

ol A N -
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CONCLUDING RIMARKS

i1)

iii)

iv)

v)

The following conclusions are in order.

Past experience says: do not take the "theoretical" QCD predictiohs
too seriously; many things still do not fit between theory and experi-
ments. In particular, neither the large "charm" cross-sections, nor
the "lecading' effect were predicted.

A detalled study of the production mechanism of -heavy flavours at the
ISR is important in order to make reasonable extrapolations to the

pp Collider enecrgy. o
The number of "new" states with heavy flavours is very large. 1If
their production cross-sections follow the simple extrapolation pro-
posed by us, the CERY pp Collider would be a quasi-factory for these
new states. The problem is to have the instrumentation that is able
to detect their existence,

The study of the electron-positron asymmctry and of its energy depen-
dence is of the utmost importance at the pp Collider. If the
“Jeading'" effect follows the same trend as ''charm' at the ISR, this
asymmetry is exﬁected to be derectable, even if the production cross-
sections of the heavy-flavoured states would follow the QCD predic-

tions.

The study of the electron asymrmetry and of its enecrgy dependence is
+
not less important than the searches for the 2 and the W . Finding
+ . ".
the Z° and the W~ would tell us nothing about one of the most crucial

problems of subnuclear physics: the families.

A detailed study of the electron asymmetry allows us to investigate
the presence, in a mass range so far unaccessible to any other
machine, of the new flavours, up-like ("top') and down-like ("super-
beauty"), and to determine their mass relation, -

What we will be able to do at the CERN pp Cellider is geoing to be wvery
important for establishing if hadronic colliders can compete with

(efe_) colliders.
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F1g 32 Plot of AEXP as a function of p;, for a total luminosity '

= 300 nb~ ', a rejection power of 107 3, Bcut = 30°, and (leading/total) =
= 0.25, using the cross-section estimates: a) from formula {(4); b) from
perturbative QCD. The errors are statistical.
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Fig. 33 Expected number of produced electrons as a function of pp with
the same assumptions as in Fig. 29, and the two cross-section estimates:

a) from formula (4); b) from perturbative QCD, The errors are statistical.
The solid line represents the background, as computed in subsection 5.8,
multiplied by a rejection factor of 1073,
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11 = Search for Open « Top» at the CERN (pp) Collider.

M. Basnk, G. Boxviciyt, G. Cara RomEo, L. CIFARELLI,

A_ ConTIN, M, CUrATOLO, G. D’ALE, P. D1 CESARE, B. EsPosITO,
P. Grusti, T. Massad, R. Navia, F. PALMONARI, A. PETROSINO,
V. Ross, G. Sanrorerni, M. SpINer1l, G. SUSINNO,

L. Voraro and A. ZICHICHI

CERN - Geneva, Switzerlund

Istituto di Fisica dell’ Universita - Bologna, Italia

Tstituto Nazionale di Fisica Nucleare - Bologna, ltalia
Istilute Nazionale di Fisica Nucleare - Laboratori Nazieneli di Frascali, Italia

(ricevuto il 9 Diccmbre 1981

Summary. — A new metbod of observing the production of epen «top »
baryonic states at the CLRN (pp) Collider is presented. Tt is based on
the «leading » production mechanism, extended to the heavicst-flavoured
baryon and antiharyon states, and on the charge asymmetry of the leptons
originating from their semi-leptonic deeays.

1. - Introduction.

The purpese of this study is to investigate the obscrvability of open «top »
states at the CERN (pp) Collider.

The guideline comes from our recent ISR results on heavy-flavour produe-
tion st Vs = 62 GeV. Evidence was found for both the charm baryon A}
and the beauty baryon Al in the reactions (1%)

4 I : pp — & +A]J-anything

('} M. BasiLe, G. Cara Romeo, L. Crrarery, A. ConTiv, G. D Aui, P. Di CESARE,
B. Esrostto, P, Giustr, T. Massad, B. Naxia, F. PALMoNARI, G. BARTORELLL, G. Va-
LENTI and A. Zicurcui: Nuove Cimento 4, 63, 230 (1981).

(*) M. Basiik, G. Bovvicixt, G. Cara Rouxoe, L. CrragEeLLL A. CoxtIN, G. D'ALL,
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and
(2) PP > e*+A] f-anything,

where the electron (positron) originated from the semi-leptonic decay of the
associated antillavoured: state. Morcover, it was established that these A
baryons were produced: in a «leading » way, ¢.e. with an approximately flat
@, (= 2p,/Vs) distribution (%) in association with an antimeson produced
« eentrally , 1.6, with an F{defdx) o« (1 — #,)* behaviour.

On the other band, we have also measured the longitudinal-mementum
distribution of the D mesons observed in the same experiment (8). This appears
to be compatible with a rather «central» production mechanism, both for the
meson and the associated antimeson. _

These results suggest that, in high-cnergy (pp} collisions, heavy-flavoured
baryons are produced in a «leadings way, in assaciation with a «central »
antiflavoured meson, whilst in the case of mesen-antimeson pairs both mesons
are produced « centrally ».

In this paper we will extrapelate our findings to the search for particles
with open stop s in (pp) interactions at /s = 540 GeV. Notice that, aceord-
ing to the above-gpecified heavy-flavour production mechanism, in {pp) inter-
aciions we should also observe ¢leading» antibaryons in association with
« central » mesons, and «leading » antibaryons in association with «leading »
baryons.

2. — How to detect an open {-state.

One possibility of detecting an open t-state in (pP) interactions would be
via the detection of ite hadronic decay. However, since the multiplicity increases
when going from the encrgy of the CERN Intersecting Storage Rings (ISR)

P. D1 CEsang, B. Esrosiro, P. Grusty, T. Massam, R. Nax1a, F. PALMOXNART, G. BAR-
ToRELLI, G. VALENTI and A. ZicmHicur: Leit. Nuove Cimento, 31, 97 (1951).

(3} M. Basice, G. Cara Romeo, L. Crranirrr, A. CONTIN, G. D'Avf, I'. D1 CESARE,
B. Esvosito, I'. Giusrr, T. Massax, F. Paruoxari, G. SavtoreLLl, G, VALENTL and

A. Zremcul: Leil. Nuove Cimenlo, 30, 487 (1981).

() M. Base, G. Bowviarsi, G. Cara Romeo, L. CrrareLLt, A. CoxTiy, G. D'ALf,
P. D1 Crsakg, B. Esrosiro, P. Giusts, T. Massam, R. Nania, F. PALMOXARI, G. Sar-
TORELLI, . VaLENTI and A, Zicuicui: Nuove Cimento 4, 65, 408 {1981).

() M. BasiLg, G. Cara Romeo, L. CIrarerii, A, COXMIN, G. D'Asi, P. D1 CESARE,
B. Esrosito, I'. Grusti, T. Masgam, R, Nanta, F. PaLumoNari, G. BARTORELLY, G. Va-
rexTI and A. ZiciicHi: Lelt. Nuovo Cintento, 33, 33 (1982).
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to that of the Collider (*%), an invariant-mass analysis applied to the (pp) final
state would be very difficult becanse of the amplification of the combinatorial
background. Moreover, the detection of the decay chain t -» b—>ec—>s,
where first a b-state then a e-state are identified, would involve a prohibitively
small branching ratio (of the order of 107%).

Another approach would be to take advantage of the sizable branching
ratio (= 109%) of the, semi-lepfonic decay of the heavy-flavour states. In
this study ‘we will show that the «leading » production of heavy-flavoured
baryons and their semi-leptenic decay provides a tool for disentangling the
production of the «top» gquark from the large physieal background.

(¢ M., BasiLg, G. Cara Romeo, L. CiFARELLL, A. CONTIX, G. D'ALi, P. D1 CESARE,
B. Esposrro, P. Giustr, T. Massan, R, Naxia, F. PaLMoN 4RI, A. PETROSING, ¥. Rossi,
G. Samrorkrui, M. Srixgrm, G. Susinve, G. VarexTti, L. Voraxo and A, Ziciicui:
A prediction for the toial charge multiplicity in hadronic interactions at exireme high energies,
preprint CERN-EP/81-147 (1981).

(*} G. Arxison, A. Astury, B. Auserrt, C Baccl, R. BERNABEI, A, B£zaGUET,
R. Bock, M. CaLvETTI, P, Catz, 8. CeNTRO, F, CERADPINI, B. CHERTOK, J. CIBOROWSEKI,
8. CirroLiv, A, M, Cxors, C. CocnET, J. Coras, M, CorpEN, D. DaLimax, 8. D'ANGELO,
M. DeEBEEx, M. DeLLs NEcra, M. DEMovLiN, D. DENEGRI, D, DiBiroxto, L. Do-
BRZYNSKI, J. D. Dowsir, M. EDwarps, K. Eacerrt, E. EISENHANDLER, N. ELLI1S,
P. Erusrp, H. Fa1ssNer, &, FoNTaixg, J. P. FOURNIER, R. Frey, R, Fr{juwwIrTil,
J. GARvEY, 8. GEER, C. GuEsquiEre, P. Guez, K. L. GreoNi, W. R, GiBsox, Y. GIRAUD-
HERAUD, 4. GIVERNAUD, A. GONIDEC, G. GRAYER, P'. GUTIERREZ, R. Haipax, T. HaNSL-
KozaNECKA, W. J. Havxes, L. 0. HERTZBERGER, C. HODGES, D. HorFuanx, H. Ho¥FE-
Many, D, J, Hourourzes, R. J. Homer, A. Hoxma, W. Jaxx, P, I. P. KaLnus,
V. Earmuig:, R. Keecer, 1. KExvox, A, Eernax, B. Kmvyvunen, H. KowaLskl,
W. Kozaneckr, D. Euyn, F. Lacava, J. P, LavciER, J.P.LEzss, H. LEaMAXN,
R. LEvcus, A. LEveque, D. LiNeLiN, E. Locar, G. Mauriv, T, McMarox, J. P. Mex-
pizuryu, M. N. Minaep, M. Moricca, H, Muikaeap, F. MULLER, Y. Mouraxry, A, K.
Nawpr, L. Naumanw, A, NorroN, A, OrxiN-LecourTors, L. Paoruzi, M. PERNICKA,
G. Perruccr, . Praxo Mortarr, M. Pimii, A. Praccy, P. QuUERY, E. RADERMACIIER,
H. REerraLER, J. Rich, M. RisssENBEEE, C. RoeExts, C. RuEBIA, B. SapovLET, G.SAJOT,
G. Sarvi, G. Sanvini, J. 885, J. Baubraix, A. SavoY-NaAVARRO, G. Bcnaxz,
D. ScmiNzeEL, W. Scorr, T. P. 8man, M. 8riro, J. Brrauss, K. SuMOROEK, C. Tao,
G. Tuomeson, E. TscaEsLoc, J. Tvominiemi, H. Verweis, J. P. ViALLE, J. VRANA,
V. VomLEMIN, H. Wanr, P. WaTkixs, J. Wirson, M. YVERT and E. ZuvrFLun: Sonte
observations on the first events seen at the CERN proton-antiproton collider, preprint
CERN/EP 81-155 (1981).

9 XK. ALpcirD, R. E. ANsoncE, B, Asmax, S. BERGLUNG, K. BERKELMAN, D, BER-
TRAND, K. B6CEMANN, C. N, BootH, C. Burraym, L. Bugow, P, CArRLION, J. K. CARTER,
J.-L. CuEvaLLEY, B. Eckart, G. Exsroxg, J.-P. Fasrg, K. A. FRENCH, J. GAUDAEN,
M. Grssen, K. vox Horr, R. HoseEs, D. Jounsox, K, Jox-Axp, Tn. Koxorr,
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R. MacKExziE, M. N. Maces, B. MEIXKE, Ti, MiiLier, H. MuLrzeNS, D, J. MuxNDaY,

A. Opiaw, M. RosExsEne, J. G. Rusunnookg, H. Sasrnikxo, T. SAsrIKKO, F. TRIANTIS,
Cir. WaLck, C. P. Wagp, P. ®. Warp, G. WEBER, A. R. WEIDBERG, T, O. WuITE,
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In the following, B and Mg indicate, respectively, the leavy-flavoured
baryon (antibaryon) and meson (antimeson) states.
As mentioned before, thie associnted licavy-flavour production in (pp}
inteyactions would consist of the following components:
[(Bi)ln.dlng (B?)Icadln:] 1
[{Bt)u.d[gg (‘ﬂ{i}::nlr&l] T
£(Bf)lendin¢ (jft)cenlrll] 1
[(jfi)centnl(j{?)cmlrﬂ] -
We lave assumed thiat the production of B, B; pairs, in which both the B, and
the B; are « central », is significantly depressed.
Let us consider, for simplicity, only the léptons in the outgoing-proton
rapidity hemisphere. For the outgoing-antiproton rapidity hemisphere, the

same results will apply if the electric-charge sign of the leptons is reversed.
The nuwnber of positive leptons b+ is expressed by

3) N{+) = LE[n () 4 n,(4) + » ()],

where L is the total integrated luminosity, B is the semi-leptonic branching
ratio {assumed to be cqual for all flavoured states) and n(t+) (f =t, b, e) are
the contributions from the dircet production of top, beauty and charm states
according to the diagrams shown in fig. la}f):
{3a) n,(4+) = o(BB e, () + en;‘(tj;-w) + sﬂt(t';"-h}] +
T oMoy (1) + £ (8he) + Exgltin)] + oMB:) e (1) + £ (th) + &alti)] +
| - + oBM)ea ) + () + ellis) s
35  m(tH) = o(B,Bs)en, () 1 enlt)] +
+ MM E () + ()] 4 o(M,Br)ley (0 + &5, (0)] +
+ (B M;)e,,(6) + eulti)],
(3¢)  n (1Y) = (BB )& (] + oMM, (W] 4
+ oLB e (8] + o(BIMe, &) -
The ¢ factors are the cross-sections for BB;, BMLM; and M,;Bg, production,
and the & factors are the detection cfficiencies, in a given phase-space region AL,
for the I+ originating from By or Mz decay. The subseript to i+ indicates the

various possible decay chains. For instance, th. refers to the decay
t—+b eI+
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{& v 10 N
{3
t b C s
. v £ IS R
(b} {c)
b < s C s
v £°
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» ] t 3 A
¥
(e} b c s c s (f)
¥ £ s I

Fig. 1. - Diagrams illustrating all the possible elcctric-charge signs of the leptons
-originating from somi-leptonic decays of the chains t—+b-rec—B (8)), b—c—s {0}
c—+8 (), f—+boc—3 (A} b-»c—3 (¢}) and c—~8 (/).
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Analogously, the number of {” in the proton hemisphere is given by
(4) N(t7) = LE[# () + »(7) + n (U],

where, according to the diagrams shown in fig. 1a}-f),

+

Ha)  n{) = o(BB)ea00) + eallD) + caclliml] +
F oMALY e (1) + £ncllE)  Cult)] + OB (02) + £l ) + 5005 +
+ oBMenlts) + 5l + 661,

45 ) = o(BB(Ea &) + enlle)] +
4 M5 + BeglG)] + oOLB 06 + el +

+ o(BM)en, () + el

(40)  m ) = o(B Bo)eg ()] + oMMIeE] +
+ 6(M,B ey (51 + o(BM e, (5]

Finally, let us define the « dsymmetry » ratio

(5) 40— O RE),
(t5) + N(i7)

From our previous statements on B, and M,y production distributions
in a suitable forward region of the sutgoing-proton rapidity hemisphere, we
expect that the quantity A°® will be a good tool for looking for a possible open
+ top » signal. '

3. — Estimate of the « asymmetry» ratio 4°

In order to estimate the value of the v asymmetry » ratio A®, the following
gquantities are needed. :

i} The cross-gections values. We have assumed a‘-%- 250 pb for the total
charm cross-section in the ISR energy range, a value which is consistent with
our measurements (119, and a factor of 3 increase of this cross-section at the

(*) M. BasiLe, G. Cara Roueo, L. CrFareLsl, A. CoxtiN, G. D’Anf, P. D1 CEsarE,
B. Esrosito, P. GrosTi, T. Massam, R. Naxia, F. ParLyonarr, G, BARTORELLI, G. Va-

LENTI and A. Zromrcmi: Nuove Cimente 4, 63, 487 {1981).

(1) M. BasiLE, G. Cara Romeo, L. CrFaReLLL, A. Coxtin, G. D'Acf, P. D1 CEsarE,
B. Esrostto, P, Grosti, T. Massaym, I, Nania, F. ParmoNart, &, SARTORELLI, G, Va-
rexTI and A, Zrcurcur: Nuove Cimento A, 67, 40 (1982).
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(pp) Collider energy. We have then assumed that the heavy-flavour cross-
gections seale as the inverse ratio of the quark masses squared (*'):

Gbl’dc = m:r"m: H
and

6 fo, = mifm} .
For the «top: quark, we assumed a mass m, = 25 GeV/e®. The cross-

“lLeading. B;,Bj

e;,e?

s

=

=

= 300 s
= B1-F 1
£

a

-t

o 10

-l

=

=1

600 Ctbe - ¢ The
400
200
0 ? . 6 8 w n
pT {6/ c]

Fig. 2. — Transvorse-momentui spectea of the leptona originating from the decay
of % (T} ¢lcading » baryon states, obtained as described in the text.

{* A. MarriN: preprint CERN Th. 2980 (1950}, and private communication,
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section values at +/s = 540 GeV are, therefore,
g, =T80ub, o0,=7pb and o=23ub.
We also used, for all flavours, the hypothesis
(B.B;) = 6{MM;) = o(M,B;) = U{M;B.,} =0 /4.
it} The semi-leptonic branching ratio. We have assumed the branching

ratio of the semi-leptonic deeay into a given lepton to be 109 for all heavy-
flavoured states.

iii) The detection efficiency £. The detection efficiencies £ have been eval-
unated with a Monte Carlo simulation. The heavy-flavour state and its associated

“Leading Bh_ Bt‘BB‘BE

n'le
6 e.eq
4
2
—_ 2 L [
P
g 12
Fo L
5 " bt
s B
=
=
- &
(=B
=1
ey
=
-3
2 & [}
16
e
12 (3
8
4

1] i & [
FTIGe\Hc]

Fig. 3, - Same as fig. 2, but for b (b}, ¢ () +leading» baryon states,

1.8
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antistate were assumed to be produeed in an uncorrelated way. The gencration
was based on a flat-z, distribution {dofilx, == const) for baryens and on a
central-x, distribntion [B(defdz,)cc (L — z,)*] for mesons. The p, dependence
was assumed to be (1fp){dofdp,}oc exp [— 2.5p,] for all fiavours.

“Ceatral, M ,H?

t

-4

120

80

L

& NMpT [Arbitrary Units]

[ 2 i & B 9 12
P- I1GeV/c]

Pig. 4. — Same as fig. 2, but for t {t) « ceniral » meson states.

For each flavour the semi-leptonic decay was gimulated by using a X, decay
matrix. The p, spectra from the various decays are shown in fig. 2-5. The
choice of the phase-space region AQ, defined by the conditions

0<30° and p.>bGeVie,

was determined ag a compromise between the efficiency for + eriginating via

19
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“Lentral , M M_ M M

8 h ¢ F
x]ﬂz

- *

Eb_EE

6
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2
= 2 &
,:E:

12 et
= 5c - ®be
Jid
=5
-

EI.’_ ‘
=
=
L]
z & &
16
e’,e

¢ 4 4 6
PrlGevse]

Fig. 5. - Same a.s fig. 2, but for b (L), ¢ (€) « central » meson states.

the direct decay t ->t+ of the « top »-flavoured baryons and the rejeetion of
leptons from different sources. The detection efficiencies for the leptons originat-
ing from the various sources are summarized in table I.

The results of our analysis are the following:

N(tH) = L{7.59-10~ ub) ,

Ny = L(1.95-10-% ub) "

_ N(tH) — N(I)
T N()+ N()

. = 0.59.

Notice that this value correspords to the ratio N{t+)iN({™) = 3.90.

1110
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TaeLe I. - The * delection efficienciez for @< 30° and pp > 5 GeVie fn the proton

rapidity hemisphere (sce corresponding equalions in column 3).

el 4.2-10-1 ity 0 {3a)
ea i) 1.3-10°2 {3a)
Enlti): = 104 eng(lf): o {3b)
gp ) ~0 (3¢c)
eplln):  4.5-10- : eailly): O (4a)

ellgy): 0 (4a)
en () < 1074 el € (4b)

eg:(t3): O (4c}
£y, (1) 7.6-10-2 slth):  1.4-103 {3a)
folhe):  1.3-10°° (3a)
eay{li): ~0 agllg): ~0 (38)
g (E7): ~ 0 (3¢}
e in):  T.4-10-3 egll):  7.6-10-2 {4a)

aul): 1.3-167 (4a)
euplled: ~0 T agllg): ~0 (4b)

ExllD): ~0 {4c)

We have also evaluated the ¢ asymmetry » ratio A% wsing o different extra-

polation for g, and ¢,, assuming

g,= o fm? and @, == afm’.

This leads to
o,=30pb and o, =~1ub
at V5 = 540 GeV, with o, = 750 ub.
In these couditions we get
Nii+) = L{2.53-10-t uly},
N7} = L{6.50-10-3 uby,

_ N({i) — N(t)

A ==
N(tr) + N()

= 0,59,

The «asyminetry » ratic A® dacs not depend on the cross-section extrapolations,

because the detection efficiencies for leptons from beauty and charm are
negligible in the phase-space region speeified in point iii). However, the value

627
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of the ¢top» production cross-section will be importsnt for determiining the
integrated huaninosity nceded to reach a given statistical significance on the
measureiient of A and for determining, as will be discussed in scet. 5, the
rejection power of the apparatus needed to obtain a given sighal-lo-
background ratio.

4. - Background evaluation.

In what has been deseribed so far, the background contamination in the
sample of prompt {f and {7 has not been considered. It is mainly due to

i) the misidentification of charged and neutral hadrons in the exper-
imental apparatus,

ii) the prompt {* or " production from sources other than open heavy-
flavour states.

An attempt was made to evaluate the contribution i). To derive the pion
production in (pP) interactions at /s = 540 GeV, we have used a parametriza-
tion of the single-pion cross-section measured at the ISR (2%}:

(1 —xy)”

E(d%/dp?) = Aexp[—Bp,] + C m !

where @, = 2p_/Vs.

A further conservative hypothesis was made by including a p;* term in the
expression for E{d@aldp?), for p.> T GeV (13).

The exfrapolated = rate, in the phase-space region defined in sect. 3
(@ < 30°, p. > 5 GeVfe), should be multiplied by a reduction factor represent-
ing the achievable rejection of background source i) in the experimental
apparatus, ' ‘

As regard the prompt lepton background ii), we assume, as a first approxi-
mation, that it would be negligible when compared with the contribution i).

(1%} B. Avrer, H, BoceiLn, P. Boorn, I, BuLos, L. J, CarroLL, G. DAMGAARD, G, Vox
Darper, B. Durr, K. H. Haxsex, F. HEymaxw, J. N. Jacksow, G. JARLSK0G,
L. Joxssown, A. Krovrixg, L. LEisTaM, E, Livrersun, E. Lousk, . Lyxci, G. Max-
¥ixGg, K. PorTER, M. PrREXTICE, P. Brarr, 8. SHARROCK, 8. @LGAARD-NIELSEX,
D. Quanmue and J. M, Wri1ss: Nuel, Phys. B, 100, 237 (1975).

{**) C. Kovrxoumeris, L. K. Resvaxis, T. A. Fiuirras, E. Foxrmis, A, M. Cxors,
8. I'wvata, R. B. Pavuer, D. €. Ranw, P. REnNAK, I StuMER, G. W. Pansax, T. Fizrps,
D, L1ssaUgR, I. MaxyeLLy, P, Movzounraxis, A. Narei, W, J, Wirnis and M. GOLDBERG:
Phys!"Lett. B, 84, 271 (1979).
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5. — Estimatc of the « asymunetry » ratie 4° in experimental conditions.

In the presence of baekground, the experimental « asymmetry » ratio is
given by
e IN(E) + Mo 19)] = [¥() + MolT)]
[N(E) -+ Ny (1)) + [N() + N

Assuming N () =N ({7} = N, (U, and expressing N(17) as
N[ — 4%)/Q + 4]

according to eq. (8), we have

AU
®) =TT T AN Nl

The quantity 4*** is plotied in fig. 6 as a function of the signal-to-background
ratio

8/B = NN, (1) .

Notice that 4** is substantially different from O as soon as 8/B is greater than 1.
However, from eq. (6) it is elear that in order to keep the value of A™*

2oasa i aayd i PR B R | 3 PR L RV R | Ll

i okl L PR T
0.1 ] 10 , 100 SIB -

Fig. 6. ~ Behaviour of the experimental ¢asymmetry s Asx, as a function of
S[B = K(t+)/ N, ().
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constant, i.e. independent of the «top » production cross-seetion g,, the rejec-
tion power of the apparatus must increase linearly with decreasing o, .

On the basis of the background estimate, computed as specified in sect. 4,
and for the range of o, considered, we have

1< 8/B <10

t
for a rejection against écl:tzr.rged and neutral hadron background ranging from
10~ to 104,

6. — Conclusions.

The above studies show a new way to investigate the production of the
4 top » flavour at the {pp) Collider. They are based on the measurement of an
excess of ¢+ on the proten side and of an excess of I on the anliproton side,
both asymmetries being due to the semi-leptonic decays of the « top » baryon
and the «antitop » antibaryon, cach preduced in a «leading» way.

The main parameters for the observation of this effect are the baekground
level (estimated on the basis of our knowledge) and the cross-section values
for the production of the leading baryons.

With the previously specified assumptions, and by assuming a Juminesity
between 10* and 10” em~*57?, a few hundred hours of running would be suf-
ficient for deftermining the value of A*™ with a precision of a few percent,
thus establishing clear evidence for (or against) the production of ¢leadings
t-flavoured baryon (antibaryon) states.

& RIASBUNTO

Bi presenta un nuove metodo per studiare la produzione di particelle con « top » in
interazioni {(pp) al Collider del CERN. Tale motodo si basa sul meccanismo di produ-
zione sleading » esteso agli stati barioriei e antibarionici dotati del pii pesante
¢ flavour s, ¢ sull'asimmetria di carica dei leptoni originati dal loro decadimento
semileptonico.

IMonckn OTHpRTOH « Bepwmuel » HA (pP) nyuxax e LIEPHe,

Peatome (*). — IIpeanaracrch HoBsiii meron wabmogcums poxaenus GapHoHHEIX coc-
ToAuuit Ha (pP) ayuxax B LEPHe. 3101 MeTOA ocoBad Wa MEXanWIME POKENAS « AN~
pysouieil » qacTausl, 00o6meHHOM Ha nauGonee TaRenbie GApHOHHEIE M anTHOaPHOHH B
COCTOSHHA C APOMATOM, H HA 33PAROBOH ACHMMETDUM NCOTOHOB, OGPa3OBAHHBIN M3 MX

' OOMYRACOTOHHBEX PacTafon. . :

(*) Hepegedeno pedaxyuei.
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IV, CONCLUSJONS

We summarize the main points which have been raised during
the several formal and informal discussions (Open Committee
meetings and direct interactions with Referees}.

IV.1 - The cross-sections for Heavy Flavour production.

We¢ have shown that using very simple assumptions,
“dimensionality” and "scaling”, it is possible to compute: "charm”
cross-sections as predicted by “strangeness”, and “beauty”
cross-sections as predicted by "strangeness” and “charm”. The
experimental data support the validity of our simple assumptions
{see figures on pages 33,34). On the other hand QCD has failed
so far to account for the experimental results obtained in the field
of Heavy Flavour production. For example, Table II in page 43
shows that three models are needed to account for the “charm”
data. Each model can fit a set of data, but fails in some others.

It has been said that our simple hypotheses produce predictions
that are one or two orders of magnitude above some QCD
models. This is true, but irrelevant. In fact, the same QCD
models fail to predict known facts, such as the "leading” effect. If
QCD were like QED, it should be able to "predict” the "leading”
effect: this is a phenomenon we have studied in all processes
{Nuovo Cimento 66A, 129, 1981) and found to dominate particle
production, no matter if the inmeraction is weak, electrommgnetic
or strong { Nuovo Cimento Letters 32, 321, 1931), provided
there is a quark in the initial state , and no matter if the energy is
low (ISR) or high (Collider). Our group has proved that the data
on multiparticle production obtained at the CERN Collider show
that the "leading” baryon effect does not decrease with energy
(Nuovo Cimento Letters 38, 359, 1983 , Nuovo Cimento Letters
41, 298, 1984 and figures on page 303).
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As the problem of QCD cross-sections for Heavy Flavour
production has been emphasized by some Committe's members,
it is worth spelling out clearly what was the status of QCD
theoretical predictions for charm production, at ISR energies,
before the experimental results:

String model  : 109 x g

Fermi-Hagedorn: 10° ° Experimental results: 107 x o _
QCD (fusion) : 10™

with G_-10° mb. The other QCD models attempting to reproduce

1072« G_came later.

The conclusion is therefore as follows:

i} the cross-section values found were at least two orders of
magnitude above the “theoretical” predictions of perturbative
QCD;

ii) the x-distribution for A", , i.e. the "leading” effect, was
theoretically unpredicted.

For the benefit of those who have strong faith in QCD, 1t
could be interesting to recall few more facts:

a) it was impossible to predict large photoproduction
cross-sections of heavy flavours by means of perturbative
QCD;

b) the p. dependence of inelastic {(cT), for open and hidden
states, could not be accounted for by QCD;

c) the A-dependence could not be Al (perturbative QCD
predicted Al.)

It should not be forgotten that photoproduction was considered

a simpler case for QCD, compared to (pp). Therefore its

predictions should have been in agreement with experimental

findings, without any need of. further comphca.hons to be
introduced. _



1V.2 - The ratio of "leading" versus total cross-sections.

The "leading” effect is a quark recombination phenomenon. In
{e*e”) machines it shows up when the heavy flavour mass is near
threshold (see figures on pages 343, 344, 345). On the other

hand at the ISR  energies, !xc+ and A O production seems to be as

leading as 40 production {see figures on pages 45, 46, 47).
These hints suggest that the "quark recombination” effect is
present even for large values of the new flavour mass. In our
simulation programs we have spanned the ratio Leading/Total

(L/T) from 20% to as low as 5% and the results are shown in
pages 67, 68.

IV.3 - Three-body versus more than three-body decays of the
Heavy Flavours.

All experimental results known so far support the point that
the semileptonic decay of a heavy flavour is dominated by a
3-body decay (see figure on page 41). This is perfectly consistent
with the fact that the simple quark transition (up like < down
like) is the most physically plausible model. The hadron
multiplicity which will accompany the decay-quark line is
coming as a result of the "hadronization”. The vertex is therefore
a 3-body process (see diagram on page 40a). Nevertheless we
have (at the request of a Referee) calculated what would happen
if the 4-body decay would dominate {see work 111-3, page 233).
The asymmetry is still there. Its p_. dependence is less sharp (see
figure on page 257 ). However it should not be forgotten that the
4-body decay of a heavy flavoured baryon is a physically
unacceptable model.

V.4 - Lepton-jet physics and UA1 hermeticity.

~ In our discussion with UA1 and with the Research Director
{R. Klapish) we have pointed out that LAA provides UA1 witha
far better hermeticity than at present (see figure on page 7). In
addition the hermeticity provided by LAA is “"magnetized” and
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this is a very important element to reject low momentum
particles. This rejection is needed in order to handle the new
ACQOL luminosity.

It has been said that, if it was for UAL only, the hermeticity
could be provided at far less expenses and furthermore that our
LAA does not make the best use of the available space. We have
worked for § months and produced 7 different versions of
possible set-ups to be coupled with UA1, before reaching the
final result. Drafting a few lines on a piece of paper cannot be
compared with an accurate work by a group of dedicated
physicists. We confirm that LAA, as it stands now, makes use of
the available space around UAL1 in the cheapest and physically
most efficient way.

IV.5 - The phenomenology in addition to the Heavy Flavour
Physics

The scientific interest of a proposal has two motivations.

One is based on theoretically sound predictions, the other on
new phenomena to be discovered. The soundest theoretical
predictions for the CERN Collider were the masses and the
cross-sections for W* and Z° . Next follow the high ¢ QCD
calculations for jet cross-section. The leading production
mechanism for old and new Heavy Flavours is not theoretically
predictable. The only possibility is to do experiments, using an
experimental set-up as powerful as possible. In designing this
new set-up, it is physically reasonable to use known facts (see the
examples quoted above) and to mmke simple extrapolations. If
these extrapolations can be checked at lower energies and with
lighter Heavy Flavours (for example: s,c,b), this should add
confidence in the domain of the unknown. One of us was student
of the great Patrick Blackett. He was used to say " that it is
important to know what the theorists are thinking, but this should
be a guide to design experiments where the ﬂleoretically expected
phenomena are to be considered as the “background" for the
unexpected. In our proposal the "background asymmetry" is a
crucial QCD test. The ability to trigger with ACOL, and the high
detection power for muons, in the forward angular range of the



proposcd set-up, are essential ingredients for new physics to be
searched for, apart from all physics arguments presented to

justify the installation of a powerful muon detector in conjunction
with UAT.

IV.6 - Note on past esperience with Commitices

Experimental set-ups should be justified in terms of their
potential ability to discover new phenomena. If, in order to be
approved by Committees, firm theoretical predictions were
needed, we would reach the conclusion that only QED
experiments should be approved.

QCD experiments should not be supported: in fact, QCD is far
from heing a well established theorv. Asymptotic freedom is
theoretically proved, but confinement is still to be demonstrated.
To follow the line that, only well established theoretical
predictions are worth being checked experimentally, means to
stop the searches for Higgs, gluinos, photinos, gravitinos and all
supersymmetric partners of the known particles. The experiments
on the existence of the "excited vacuum" in Heavy Jons collisions
should be stopped. There should be no support for neutrino
oscillations, for (BB} oscillations. The above is just to quote a
few examples along the Committees logic. On the other hand, a

well established theory is not worth being checked. The

conclusion is: no support for experimental physics.

One of us, during the closed SPSC mecting (CERN - 19
March 1986), recalled some of his past experience with
Committees. It is probably worth to put this on record.

1 - At Frascati, afine energy scan with {¢"¢") machines was
considered to be physically unsound. Theoretical explanation: a
new meson in the GeV mass range must have a width in the
hundred MeV range. We wanted to be scheduled for a fine scan
and to push the ADONE energy above the 3 GeV limit. If we

were allowed to do this, the ¥ would have been discovered at
ADONE.

2 - Qur proposal to search for a new "heavy lepton” via the
method of (ej1) acoplanar pairs was considered “science fiction".
. If we would have received the wanted support, the T lepton
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would have been discovered at Frascati.

3 - When the study of the (pp) annihilation into lepton pairs,
(e*e) and (W*p"), was completed, we proposed to investigate the
inelastic production of lepton pairs in hadronic interactions. The
proposal was not approved because we were told that we had
already proved that the "elastic" channel was depressed by a
factor 500 with -respect to the “point-like” expectations. If
allowed to go on, we would have discovered the J, here at
CERN.

4 - Qur proposal to build for ISR physics 2 "2n magnet’, in
order to study 90° physics, was rejected because a great
physicist, still alive, said : “There is no physics at 90 degrees".

5 - When SLAC discovered the DIS effect, we proposed to do
the experiment at the CERN PS, using protons instead of leptons
as primary incident particles. The proposal was supported by
Sergio Fubini, but opposed by other theorists; one of them said
"If the proton behaves like a lepton, 1 will resign from theoretical
physics”. We have demonstrated, 15 years later, that some basic
features measured in DIS using leptons (electrons, muons,
neutrinos) are identical to those obtained using protons (instead
of leptons) as primary particles. In fact, the proton behaves as a
lepton not at the 1% level, but at the S50% level. The lepton-like
features of hadron physics is by far more important than could,
most optimistically, be hoped ( Nuovo Cimento 79A, 1, 1934).
This lepton-like feature is based on the "leading” effect, which,
as mentioned earlier, is present in all interactions involving at
least a hadron { Nuovo Cimento 66A, 129, 19381 and Nuovo
Cimento Letters 32, 321, 1981 ). As mentioned in the text ( see
work I11.4, page 282 ), we have analysed the Collider data on
multiplicity correlations (Nuovo Cimento Letters 38, 359 1983)
and charged particle multiplicity distribution {Nuovo Cimento
Letters 41, 298, 1984). This analysis shows that the "leading"
proton effect is, at Collider energies, as strong as it is at ISR
energies. On the other hand the "leading” Heavy Flavour
production has been discovered at the ISR, but no data exist at
the CERN Collider, and it is physically sound to assume that the
"leading" effect for Heavy Flavours is also present at Collider

energies.



In addition to the above "direct” experience, we could quote a
few other facts. For example, the famous Fitch-Cronin
experiment was not proposed as a check of CP violation, but as a
check on the reported evidence for an "anomalous” regeneration
in hydrogen. The "anomalous" regeneration was not there, but
CP violation was . If the experiment would have been proposed
as a check of CP, probably it would have been rejected. The
Committee approved the proposal on the basis of a "wrong"
result.

When the “two neutrinos” experiments started to be discussed,
a famous theorist (still alive) said : "One neutrino is enough.
Nature cannot be so stupid to need two neutrinos”.

The recollection of these experiences with Committees could
suggest that sometimes physicists should be allowed to follow
their intuition, even if deprived from any theoretical support.
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