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MISSING MASS SPLCTROMETER I'OR HEAVY MESONS

1. Purpose of the Experiment

We propose a detailed investigation of the mass spectrum
of heavy mesons (multi-meson "resonances") in the region 1 < M < 3 GeV,
The purpose of the measurement would be to establish ncgative or
positive evidence for the existence of resonant states in this, so
far unexplored, mass range, Examples of multi-~-pion states that
could be expccted are the "heavy pion" with J = 2" and the "heavy
rho", a meson with J = 3—, both with I = 1, (See Appendix A.)

The proposed rcaction is :
T +Ps>P+X (1)
where the heavy meson decays :
X -» Nm (1")
with N = 2, 3,.. 5000 10004 &

Specification of the aims

T o ot G s o g o B e S o o D S e, e o o G2 G

The proposed measurement should be able to detect all

mesonic states, X,

- of charge Q = -1, i.e, statcs of isotopic spin I 21 H

-~ in the mass range :

0.5 < M £ 3,5 GeV, (with the cmphasis on
the 1-3 GeV rcgion) ;

- produced in peripheral collisions in the range of

the momentum transfer given by :

0,2 < A% < 1,6 (GeV/c)? ;
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so that

~ produced with a total cross-scction o, 2 0,50 mb ;

The measurement will have a mass resolution of rexp = 20 MeV,

- it should be able to scparate two peaks if they arc

morc than 20 McV apart ;

~ it should dctermine the physical width of a state of

any mass of I' > 20 McV of the state,

E
The maximum aims of the experiment are :

-~ to determine the decay products of the state X, if

found, i.c., whether these are pions or kaons or both ;

-~ into how many chargcd # mesons, charged K mesons and
ncutral X mesons new particlc X dccays, This might set
a basis for a spcculative spin parity assignment, or the

lower limit to the spin, Jmin (Scc Lppendix D) ;

- to determine the mechanism responsible for the produc-
tion of the X, if found. I.g. in not too unfavourable
background conditions, the shapes of the distributions
would be diffcrent for # and 7 cxchange mechanisms

(Sce Appendix C),

The cxpected by-products of the experiment are :

- cross—-scection for the roduction in rcaction (1
P . ’

e e

* i,c, not c¢ssential to the main objecctive, which is to cstablish

the cxistence of peaks in the missing mass spectrum,
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between 5-7 GeV/o ;

-~ width T and the shapc of the o 3

~ ¢vidence of the existence or non-cxistence of the

[8

& meson

~ excitation function for the production of charged
pions for each multiplicity, for incident pion

momenta 5-14 GeV/c or Ng vs bombarding energy.

Hethod

Basic Method

7T + PP+ Nr s

a simultaneous measurcment of two quantities: the outgoing proton
momentum ps and the proton angle ©s5 gives the missing mass of
the proton, MM, which is eqgual to the effective mass of the N

ions, I
P 3 I:N?T ?

(mr)? = MN; = (By +m = E;5)® - py® = p3® + pyps cos O3

For uncorrclated pions, the distribution in MNw is a smooth func=-
tion with a broad maximum ; however, in N pions "rcsonate", the
proccss becomes a two body one, Rcaction (1), and a peak in the
distribution will occur at a sot of combinationsof ps and @5 (a

mass M ),
b
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We can show that, with any fixed p; and propcrly chosen
kinecmatic conditions, the cxistence of Reaction (1) can be experi-
mentally determined by measuring only one quantity: the anglec 0.
The proton mcmentum p- does not have to be measured; it is suf-
ficient to set (experimentally) the uppcr and the lower limits to
the proton momenta, The existence of a discrete mass in Reactions

(1) and (2) will manifest itsclf as a peak in the angular distri-

bution of protons of all momenta in a given momentum band, The
above statement is valid in the angular region about the maximum
laboratory angle of the rccoil proton, ®3max , Wwhich 1s betwcen
45° and 65°, depending on the i and p,. This is the conscquence
of a property of the Jacobian, for cases in which ﬁc > Bs° (Sce

Appendix B),

In addition, the choice of the angular range around
st

B4 % has two other advantages:
- with the incident pion bcam of a momentum in the
range 6 < py < 15 GeV/c, thc investigated protons will
have a momentum 0.400 < ps < 1.1 GeV/c or a kinetic
energy 80 < T < 500 MeV, thus reducing the experiment
to the low-encrgy one, as far as the proton

detcction is concorned,
- The proton background from reactions of the type:

T + P P¥ 4 Np
! ‘ (%)

LaP + T

where N* is any nucleon isobar, is kincmatically limi-
ted to a conc given by ©5 ¢ 40°, Sincc we are to work
in the range @5 3 45°, about 95% of the background from
(4) is climinated, and only Rcaction (2) will contri-

butc to the background,
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3. Experimental Requirements

Experimental requiremsnts ncedsd to make observations as

specified under paragraph 1, sre listed in Table T,

Iable T

Typical Resolution Needed to Tdentify a Mesonic State of Mass M = 2 GeV, {7= 20 leV

! Range20f P : > Reso?ution 6
Parameter | p. and () 7| Pull width function (7 Froposed
2 3 rasol.expect.| . pep Instrument
o T oex. due to uncer-
tainties in Col
3 (keeping the
other two con-
stant)
A,
P, 6 GeVg| 12 .——F.--.= 1.5% 8 MeV Counter hodoscopes
. .
Pz 0.4 "{ 1.1 {none, only | 5 MeV Aluminium block to
” upper cut- | stop all protons be-
off has to low 1.1 GeV/c plus
he known to time-of-flight
. | Q
éL = (0% | measurements.
SIS .
~ o oo .
() 45 65 | LW =12 mredt| 12 MeV 3 thin-plate spark
? 9 " chambers; photo-
i graphic and sonic
E | data recording
Tosal Width [77° = 16 NV

* Multiple scattering in larget and spark chambers included.
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Experimental setup

The experimental setup is shown in Figure 1. Beam hodoscope system

Hxﬂzﬂé serves to determine the pion momentum and the direction before

scattering.

The first hodoscope, Ha , consists of five vertical counters,
each 2 mm wide, The second and third hodoscopes, H, and Hj consist of
five vertical and three horizontal counters. The pulses from each coun-
ter from H, and Hjz are divided into two outputs, A and B. Outpﬁts A go
into the H‘—H}_-—H5 coincidence circuitry. Outputs B are fed into the data

recording system.,

The system H —-H, is comnected as fixed deflection selector?

the coincidences occur only if the pion passes through a fixed pair of
counters.; €.,g. passage through counters 13 and 23 produces coincidence,

while through 13-14 does not.

On the other hand, the passage of the pion between any counter

in Hy and any counter in H Sproduccs coincidence.

The system is illustrated in Table II and Figure 2.

* suggested by G. Giacomelli
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Table II

Beam hodoscope system

. . Signal from each Plane in which
Hodoscope Position Consists of counter divided* the position is
defined
H, 5 m before C | 5 x 2 mm wide| No; only A horizontal only
counters
H, 4 m bchind C | 5 x 2 mm cs. Yes’f’wA horizontal
: 3 x 3,3mm " B  vertical
Hs 8 m behind H | 5 x 2,.5mm " Yos A horizontal
: 3x 4.,2mm " : “=B vertical
* A = To trigger logics

B = To data recording system, 16 binary number;+ event number.

NMomentum resolution of the pion beam

Ir E% is the angle of deflection of the pion beam through the »
magnetic spectrometer, the momentum resolution is :
V-

SR T1% , with % = 100 mrad, in our conditions,
P

Sak-

]

A% = The angular uncertainties in Ei , are listed in Table III

=3
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Table ITI

Angular Uncertainties AS in mrad

. Cause Beam section &Q;Maximum (p: =5 GeV/c) AS;Minimum (pl = 12 GeV/c)
from - to
Minite size H -C 2 5500 = 0.56 0.56
of counters
1
" - 2 —— =
He - Hs 5000 (2.5 +2) 0.40 0.40
Mult, Scatt.| H - C Total thickness % mm: 0,42 0.21
in counters
o H, - H; Total thickness 12 mm: 0.84 0.42
Mult. Scatt.| H; = to thg 0.08 0.04
in 17 m front of '
helium bhag the tar-
get
o . max _ min _
Totals JAY: S 1.27 AB e 0.3
Therefore:
Aph_ 1.2 Ap) 0,83 o
7?)_. oo = 1.27% i;%— oo = 0.8%
Lidk m‘\l\,

and we expect a momentum resolution in the limits:

(8]

. Ap
Dand L4

Fo —— = fe)

Y
. .

The liquid hydrogen target is 70 cm long, 20 cm wide, 30 cm

decp. Beam hits the target off-centre with the centre of the beam
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1.0 em from the side wall of the target. Multiple scattering angle

through the hydrogen:

For  .,400 GeV/c protons : 7 mrad
1.1 GeV/c protons : 2 mrad

Upper and lower limits to the proton momentum, vs3

We set the lower and the upper limit to ps by the range

method.
Lower limit: Aluminijum plate R 1 in Fig. 1, 2.5 cm thick in
front of counter hodoscope P; - Fe will stop all protons with

ps < 400 MeV/c.

Upper limit: Block of Aluminium plates, R 2 in Fig. 1, 50 cm
thick, in front of anticoincidence hodoscope Py - Ps will stop all

protons with ps. < 1.1 GeV/c.

Bach counter of the P4 -~ Ps hodoscope will have the output
dividéd into three channels A, B and C, Pulses A is fed into the coinci=-
dence logics. Pulses B go into the data recording system and registers
which counter went off. Pulses C are all added and connected to the

travelling wave scope for measuring the time-of-flight
2 & g

Proton Identification

Time of flight between H3 and C1l-C5 counters

Proton Momentum ps B Delay in 3 m
Hin.: 0,400 GeV/c 0.39 26 nsec
Max.: 1.1 " 0.79 12 "
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Minimum time of flight for acceptance : 13 nsec. This

criterion eliminates recoil protons from the elastic scattering.

In addition to these timing conditions to satisfy our
coincidence circuitry, we shall make a photographic record of the -
time-of-flight for each individval event, by using the travelling wave
scope., The event number (no. of the trigger) is to be displayed on -
the picture aé well, While this information is not egssential to the
concept of our experiment, it introduces a safety factor: if for some
reason we decide that more information on the proton momentum is needed, .
than the mere fact that it was within the given limits 0.4 <P < 1,1 GeV/c,
we can divide the cvents into narrow momentum bands of 200 MeV/c

(AT = 4 nsec).

Determination of the Proton Direction

Thin plate picture fram spark chambers, 3 each.

Both photographic and sonic systems will be used with these
three spark chambers. Two gaps of each chamber will have four micro-

phones/gap on the sides not used for the optical path, like this:

e —

¥

43 U aee paa UL I hste g
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This requires a total of twenty-four microphones; the coordinates will

be recorded from twenty-four scalers onto the punched paper tape.

The sonic system will make it possible to have an on-line

data_reduction sampling operation. We expect to obtain histograms of

our angular distributions (= missing mass spectra) every 6 - 8 hours.
On the basis of these, we can optimize our parameters in the course of
the experiment; we shall probably be able to "hunt" the peaks in a

controlled manner.

However, we estimate that between 10% and 20% of the triggers
will have only one particle ftrack in the spark chambers and sufficiently
clean conditions (absence of spurious sparks) to allow for extracting

the sonic information. Therefore, we chose the photographic system as

the major means for the data storage:

a) spurious sparks or edge tracks are easily eliminated

by scanning;

b) in case of two tracks through the chambers, the infor-
mation on the no. of counter in Py - Py hodoscope will

be able to indicate which one has produced the trigger.

The photographic data are analyzed after the experiment.

Table IV

Uncertainties in the proton direction due to the
multiple scattering in spark chamber plates

Chamber Dimensions No. of gaps Total thickness Mult.scatt. ang.

(mrad) for

b3 = 600 MeV/c

1 80 x 25 cm2 5 0.0200 cm 3475
> 110 x 50 om® 3 0.0100 2,65
3 140 x 80 cm” 5 0.000 3,75

Total 5.9 mrad
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Table V

Angular uncertainty in determination of the proton

angle O

|

e ACH
Cause max min
Initial pion finite size 0.40 mrad 0.40 mrad
direction
mtpl scattering
in counters 0.84 0.42
mtpl scattering :
in He-bag 0.04 0.02
Mult. scattering in target 7.00 2.00
spark position 0.5 0.5
mult. sc. in 818283 5.9 5.9
Total uncertainty: AFEE _ 9 3 mrad AT _ g o5
rms rms

|
i
H

This compares favourably with the expected width of the peak in

angular distribution, which is 14-18 mrad.

Vertex Chamber

The discharge halogene chamber will be placed right behind

the target, at 30 in the direction of the beam.

The chamber will be triggered every timec the chambers SlSZS

6649/p
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are triggered.

-

e

If a peak is found in the proton distribution, the

event numbers corresponding to theevents in the peak will be listed;

only these pictures in the vertex chambers will be scanned.

It is

hoped that the scanning will establish the decay modes of the new

-

. . O
resonance; i.e, the number of charged pion or kaons or K''s,

Two possibilities, now under considerzation, are listed in

Table VI.

;Chamber

|
i
i Small
|

|

i
;

I

Table VI

Discharge halogene chamber as Vertex chamber

(See Appendix D)

: i :
Magn., Size | State

i
~

Tes !

i
i

13 k

ifield:

S -

;

|
i

cn?

Angle

fHoriz. Vert

I

g% of decay
{ products to
‘lbe lost

Analysis, if a

peak is found

B R e s

50x5
ted and
tested

Large

I
f
i
|
|

i

100x70x70! Being
| construc
ted

xla—©ﬁonstruc-—i

20°

| 80

10

20

l¢]

50-60

i with the proton ver-

- proton vertex (should
| be the same).

Positive, nega-

tive and V's are
counted, only in
photos correlated to
the poak. The vertex
is reconstructed and
compared with the

Count charged par-
ticles and V's,
Accept only events
with odd number of
charged tracks. Re-
congtruct vertex and

tex (same).




5.

PROCEDURE, YIELD AND MACHINE TIME NEEDED

Experimental procedure

Throughout all runs, from 5 to 12 GeV/c, we cover only one

area in the cos 93 vs P_ plane. the area of meximum sensitivity for the
2 T

detcction of a peak in the missing mass distribution. (Fig.Bi,B2)

Experimentally this means:

-

a) angular region is always 450< 93 < 650; this covers the

mass band 1 GeV wide,

b) momentum range is kept constant, 0.42 < P3 £ 1.1 eav/n
by means of absorbers Rl_andvRZ as well as the time-of-

flight limits,

We oring higher and higher masses into the sensitive area
by increasing the pion momenta in steps of 1 GeV/c‘ Sihce our angular
range covers as much as AM = 1 GeV at each pion momentum, we could
cover the desired region Mx =1 -3 GeV in only three:runs. However,
too large steps can lead to an omission of some states: the produc-
tion mehanism or interference effects in the finel state may favour
somehbombarding energies over others. Also, the non-resonant back-

ground changes its shape at various pion energies. '

Therefore, we chose to make a lot of overlaps and plan to

cover the desired mass range roughly like this:

MM (GaV)



G
i

(Further procedure to take place if a peak is found, is described

under "Vaortex chamber".

Triggering Rate

Sketch of the target- R

detector geometry o N
¥ ot .';_‘Tf—#,:y
. Ho o T TR
7 I I B R L
“ Brger 1
it
w
Tield : n = ¢co, . *f 360 protons/pion
¢ = length of the target
O = total cross section for X production
Ao
f = K% = fraction of O in the rcgion ©3 of the Jacobian peak
3
Ap = azymuthal angle.
¢ = T0 cm o = 1mb o o= ==
¢ = = ¢ = 500
Ao
5 - Lo _ 1 _
A® 10% 560 % 0.05
n = L L o S . 1x ZLO-5 "real events"
T 500 10 200~ 500 200 :

or ¢ 1 mb corresponds to 1 proton into our detection system’uuﬂk lofﬁr/kuu:.

In addition to "real events", we shall have background protons,

whose estimated intensity is listed in Table VII.
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Table VIT

Backeround reactions

No,

Background Reaction

o
tot
(Guesstimated)

f = Fraction of O to enter
tot

our system

T 4+ PSP+ W

T +P->P*¥ 4+ 1

=P¥ + N7

7 + P P+ N7

K +P P +K+0Nrw

9 mb

9 mb

8 mb

f =0, Protons too high momen-
tum will be rejcected both by
time of flight and by range
antico counter.

f = 0. The maximum angle for o
proton bcam from P*»P+7 is 35 '
while we look only at O; > 45,

1ax .
T = 0,5, Ve know average

N = 6, charged or ncutral. The
effective mass distribution for
high multiplicities is known to
be pecked toward high masses,
while we work in lower half of
the spectrum,

The K contamination is 1%. Ve
are not going to worry about this.

4.0 mb,

yield for "real" events wes estimated 1 x 10

It follows that the meximum contribution from the background is

Thus we cgn expect to work in ratio =

signal .
===== - 1. GSince the
noise

‘sec, the total yield or

the total trigger rate now becomes 5 x lO-b triggers/pion.

We need & beam intensity of 2 x 104/burst, in order to get 1

trigger/burst.

6649/p




The signal-to-background ratio 1 : 4 requires statistics of
3%‘in order to clearly separate the signal, or 1000 events per "bin"
(= nlotting interval). We would likce 30 bins at each energy, i.c.

30,000 triggers in cach missing mass distribution (each run).

Run pr_GeV/c No. of good triggers

-- 1 5 3 x 104

2 6 5

3 7 5
@ 4 8 50

5 9 3 "

6 10 3 "

7 11 3 "

8 12 3 "

2.4 % lO5 good triggers

Taking o safety factor of 2, we require a total of 500,000 triggers =

4 wecks of machine time = 76 shifts.

6. DATA RuDUCHION

' The outline of the data reduction system is schematically given
in Fig. 3. The coincidcnce logics is not shown in this figure (see

. Figs. 1 and 2).

- On-linec data

The horizontal (5 binary numbers) end vertical (3 binary numbers)

positioning of the pion in each of the two hodoscopes, H2 and H_, gives

3

the initial pion momentum P, and its dircetion before scattering.
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The position of the proton through each of the spark
chambers, SJ, 32 and 83 is given (overdetermined) by 24 microphones,

connected to the scalers, One scaler is for the trigger number.

The position of the proton in hodoscope Pl - P5 has to be

correlated to the proton direction through the chambers Sl - 33.

The magnetic tape units takes 21 binary numbers from coun-

ters and 25 words of 13 binary bits each from scalers.

The tape is taken to IBM 7090 computer, which evaluates:
(1) pl for all triggers and (2) ©; for those triggers in which
sparl chamber information was sufficiently clean to allow for sonic
reconstruction of the proton dirzction, 10 to 20% of the total number

of triggers. The programme rejects the events with double sparks.

Histograms of MI-spectra are to be plotted by such e programme

in the course of the experiment.

O f=line data

Cemere. 1 gives spark positions in Sl - 32 - 83 and the proton ’
direction. Trigger number appears on each photograph. MNMeasuring is to
be done on HPD. Correlation with the information from H2*~H3 and
Pl - P5 is done by another programme. -
Camers 2. The film is used only if there is a need to make .

detailed analysis of P3 (time-of—flight) and to split the data according

to P_ intervals.

5

Camera 3, Data from vertex chamber are used only if a peak

is found. (See pages 12 and 30)
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Appendix A

Expoerimental situstion with mesons

There have becn seven heavy mesonic states reported until now.

Their mass spectrum is given in Figurc Al.

Region Below 1 GeV

i
With exception of %, the eight-fold way predictions seem to be almost

fulfilled (Table Al).

TABIE AT

oy O 1

N ]

(1 T e

| e ! -

Isospin triplet ¢ 4 . K K '
{ 0 | Y ‘ w

I‘ o — S

Isospin singlet 0 M= w'=“?;

The detail  properties, such as the physical widths, for most of these

states have not been completely investigated.

Region Above 1 GeV: f Megon

. However, the existence of the f-Meson with J'=2+ makes the 8~fold schene
insufficient. There are scveral many-fold way schemes; the details of these
are beyond the scopc of this Appendix, Their only importanee to the experi-
mental approach is : the schemes cen accommodate a number of mesonic states of

J=2, 3, etc.
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Unexlpored Region Above 1 GeV

The mass~spoctrum in Figz, Al shows that the region above M = 1 GeV

has not been cezplorced. The rcasons for this are purcly experinmental,

LCS LPrLSC:

cr

becausc, {'or the stotes of heavy miss the following wifiicul

a) the threshold for their production requircs highcr pion cnergics
(5~12 GoV) whore the average pion multiplicity is about 6 (4 charged,
2 neutrals); thus the kincmntic fitting beconcs very difficult or,
when there is morc than ncutral, impossiblc., Distinction between

charged K and pions almost impossible too,

b) 1:M< 3 GeV. arc likely to decay into a large numbcr of pions,
N =3 or 4; the number of combinations of charged pions necded to
evalunte the effective mass becomes prohibitive (c.g. 67 can

form 15 pairs, 20 triplets, 15 quadruplets ete.)

It is felt that the proposed missing mass technique at least in port

circumvents these difficulties.

Possible Heavy lMesonic States

Without ~ny of the schemes or theories only by writing down possible
combinations of quantum numbcrs, onc can list the possible mesonic states

(Pobles AIL and AIIIL),

There is no & priory rcason why should not any of the wmesons, for which
there is room in Tablcs AT and AIT, cxist., These states may be thought of as

cithir mony--J7  resonances or 1rfﬁ GT s =T -0 el
- Vi o 3

The absence of thcories of highor mesonic states should not prevent the

< resonances.

experimental incuiries, If future cxperiments show that for some combinations
of quantum numbcrs therce arc no corresponding physical states, a challonging

theoretical task would be to explain why is this so; thus the establishing of
th. absence of somc nmcsons may bce in some cases a more important cxpurimental

finding than the establishing of their cxistence.

* -
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Table A IT

Possible mesonic states_of odd parity (based on no theory)

ipfod |

i
H
i
i
!

, Table A IIT

i P a0

Possible mesonic states of cven parity (no “theorj;;_{)

< AV 77 77

— i

"""""""" - - - - ,.‘ - . . -
|
Z ; ;
U S | ; 1] | i ‘;
U | _— _ I |
| ‘ f t

M S = seaLAR
7L = PSE DO -G Al AR

VY = VECTOR
Her) T = TeENSOR

MNoTE G /s woT DErinE D pienN T 15 FALF - nTEGER
0R WHEN STRAMCEeNESS F O,



This is particularly true in the view of the Regge-polc approach to
elementary particles; its states with JP recceur ot o higher (and

definite)mass and Jt' = (J+2)P. For czemple:

gﬂi Particle Reoccurrence J'P Particle Decay

o Vacuum ot f 7w

O— S 2— ? ‘; +~TT

1 ¢ 3 ? = =T

l— w 3_ ? \" 4 G '

Positive or ncgative evidence for these states would be a critical test of the
theory. Detcrminction of their masscs would show how valid is the assumption

that the Regge trajectories are straight lines.
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Appendix B

Kinematics of the reaction 7 +P->P+X

The formula on which we base our kinematical considerations gives the

mass of the X particle in terms of laboratory quantities:

2 2 2 2 -
(B-1) M = (Do E3) (pl + P Z]le,5 cos (w5 )

. where E0 = El + m, and El, Pys EB’ p3 are the energies and momentd. of the

incident pion and scattered nucleon, respectively.

In order to show how the determination of M is affected by the

precision with which the quentities p,, p,, cos () 5 are measured, we report

3

here the partial derivatives of M :

2 o
L T e peen @) 2 LLPIaM r M
Com ,/, D H ! ' - ~ - T TEm—— == : . p——
o 2oap T
H % ‘
[ r I I N AVA
(3] S L LE epees@, 2 1P 0
L
{ 1M - f, P 2 r7 N ™M
2 At {2 = —— —
N W””Q ! Ufimga%
s 2
‘ We remark that at high energy (fi T — _1 ) ,,,,Q

does not depend on p1 On the other hdnd the ch01ce of the values of 19
affects the values of the other two derivatives, and therefore the precision
which can be obtained in the determination of M. Webelicve that we can define

M within a full "width" [7 = 30 MeV.

From (1) one obtains

) N
(B-3) cos (@) = M —p 285 Ty
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In Figs. Bl and B2 some graphs for cos@} 3 are drawn as function of i73 , for
different velues of M, and for P =6 GeV/c and 8 GeV/c. With each value

of M, we consider also the value M .17

One sees that all the curves have a minimum, which corresponds, for
mag ¥
given F' and M, to the maximum angle (‘Dj which is allowed in the laboratory

system, The maximum for (ljjéoccurs at the cnergy of the recoil proton:

-

(B-4) (E;), L= [] - *MZ* 'ui ]

and it is given by:

Yax *" | ) V
(B-5) ¢os @3 — })_“’_F L(Mz-]‘?')<4w€a M —*—/41)] 2

One can show that at the maximum angle the following relation holds (in the

approximation j’?’)l e~ 1 ):

= R @) = (M=) (14 "ij.:,:ﬁﬁ ) = M=

s PN . g
One sees that both (pB),,:i-@» and cos (j:‘,\)w w ! for a fixed value of Pys increase

with M.

Going back to Figs. (Al and A2) one can see that at the minimum of
each curve a width for M of 30 MeV requires a precision in the angle within

~ lo, while F, can range from 0.4 to 1 GeV/e.
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We are interested now in transferring a given angular distribution of
the recoil proton from the C.M. system to the laboratory system. We need
simply the Jacobian of the transformation, which can be written, by use of the

Lorentz transformations, in the following way:

PR }
(-7) J ( oo (“' )* dees ) ! / £ ( Be 2\
5 M‘Q/ = j - } - T A ﬂ:) )
i’/ r Ci . Gﬁs 3/; \ !’—Z'J) ‘ 1“ - [GRENCN U J

where subscript O indicates C.M. quantities, and (3, = —— is the velocity of

o | TR,

the C.M. with respect to the laboratory.

Spikes in the angular distribution at(DmaX

It is instructive to rcwrite the Jacobian in a different way:

\5 2, -
(B—S) ( A M =T
TCp, )= Sl e )]

The two relations (B7), (BB) are easily identified by meking use of the Lorentz

transformation and the relation (BB).

We see at once that J goes to infinity at the value of E, given by

3

‘ (4), which corresponds to the maximum angle @max°

The occurrcnce of this pole can be understood by observing that J
represents the angular distribution in the laboratory system corresponding
to an isotropic distribution in the C.M. We rcmark that a pole in the physical
region, corresponding to a maximum angle éﬂm“ﬁi-TT ., can be present only for
M :>;u». For P1é-ﬁz the expression in brackets (B—B) never vanishes and all the
angles are permitted in thc laboratory system. M ;b reprecents the limiting
case, in which J-» o< at é}:»gl ), The situation in the case ™ >;\J is
represented in Fig. (B—S), whe;; the transformation of the velocity and anglé
from the C.lM. to the laboratory systcm is giveﬁ (for the sake of simplicity, non-

relativistic composition of velocity is use ed).
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e X \‘n\ {/P;_}V F e i% -5
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—

& AP
We see that, while @ increases (in the C.M.) from zero to. the laboratory

angle {9 first increases from O to ) nax and then decreases to zero. At{d=& nax
the rate of increase is zero, i,e. <cos @/&oas@u= 0.

By means cf (B—-B) w3 have transformed thoe "peripheral" angular dis-
tribution cvaluated in the C.M. system (with the ™, M end .§ exchanges) to
the laboratory system. The infinity at {"D - remains in all these distri-

. X i L . -

butions. Of course, the integral over a finite range of @ close to (“:”)max
is finite.

We give in Figs. (B3, B4 B5) the angular distributions & (8) for the
different cases (exchange of T, 'q’ng ). For practical reasons, we have

. TN N . i
replaced the actual valucs 0@ in a small range /\{* close to Qj)max’ with the

average value:

Then, onc can get easily thé :Eelative intensity of the scattered proteon
in the ihterval zﬁ@e This, however, is correct only in the case of gero width fox
M. For a finite width |~ , onc has to take into account that the maximum angle
@ am incrcases (decreases) in going from M to M I by a certain amount
[_\@ an’ Onc should add to the intensity in the interval /\L{’), the one oérres-—
ponding to thc interval /_\_@ o This is equivalcnt to teke the avcﬂ;raged sum of

different curves, which arc obtained by displacing the original distribution
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ﬁﬁ(%f%)(corresponding to the value M) along the (# axis of small quantities
increasing from zero tolﬁéDCM, The curves given in figs. (BB, B4, B5) are

obtained simplifying this procedurc by a graphical mcthod.

Further discussion of these distributions is in Appendix C.

6649/p



- 29 -

APPENDIX C

Dyvnamics of the Reaction T + P+ P + X

In the evaluation of thc angular distribution of the recoil proton
in the laborotory systom, we have assumed a specific hypothesis, namely a

peripheral interaction for the production process.

We have considered different possibilities, that is the exchange of a
pseudoscalar particle (m and*)), and of a vcctor particle (g’,b)).
., Going from the pion mass to the g mass, we can cover different degrees of

"peripherism",

Since we are interested only in the distributions of the recoil proton,
we keep in the production cross section only those terms which depend on

the (squarcd) momentuin trensfor 4}2 = (p3 - p2)2. We can write

(cr1) A% =on Ty

where T, is the kinetic encrgy of the recoil proton in the laboratory

3

systeti.

For the cxchange of & pscudoscalar particle we haves

~ 2.
AR
® (c-2) LA
R [.\ ‘43 s \\A
(A*H%}
and for a vector particle (ncglecting the tensor coupling - which is
proportional to the momentum tr-nsfer; in fact, we arc interested in low

values of thc momentum.tr_nsfer):

T S NP AN S VB0 ST -
A5 _ ( v -%:f}"r'%"t;i)( P+ 2mE, - M + /}ﬂ' A /\:;1'2’%‘)5[

(c-3) = S
i @'y )t

In the above rclations M, ond r&v are the mass of the pseudoscalar and

o P -
I"ps

vector particle, respcctively.
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Making use of the relation

< I - 'x - - 2 - B “ ’i 5/2 .
(C-4) Zﬁ":£K&JT)-wff+2{(t;-wv)(€z~%ﬁzcasér
v ~

T2
o= 3

where all the quontitics refer to the C.M. system, we can easily evaluate
from (2), (3) the angular distribution <{€}égaiégoin the C.M. system.
We give the center—of-moss distributions as functions of cos (E)j for the
cases ofbﬁl 1 and @ ¢xchanges, for a typical valuc of 1 gnd M
(p‘l =8 GeV/c; M =2 GeV) in Figurcs C-1, C-2 end C-3 respectively.

In order to get thc angulnr distribution (’6/4 o (@5 in the laboratory | J
syster, we have to multiply the above expressions (2) (3) by the facvor.

éilﬂ Ll Fﬁfﬁf
{’Z cos @ . 2 v E’O <E::,>“ '}”n.;f - 3( 1 < f;\,?‘)

IS

It is this factor that introduces the Jacobian peaks in the angular
distributions ot the maximum laboratory angle. The laboratory angular
distributions for T ‘1 and ¢ exchange are given in App. B, Figures

B3, B4 and B5 ruspectively.

It is scen thot ncither in the CM nor in the laboratory distributions
the differcnces in the shape between the 17 and V}—exchange nechanisns are
experimentally dctcctable. BEven the quantitative differcnces are negligible:
for the T —exchange, the fraction of the events _in the Jacobian peak is 17% .
while for the f —excheange it is 23%. However, for the ﬂ'—exchange, the
same figure is 6% ond. also there is o marked difference in the shape of the .

diétribution, both in the CM and in the laboratory.

We wish to point out that for the pseudoscalar exchange (7 and.Q) the
distributions are valid regordless of the spin-parity of the produced particle X.
For the exchange of the vector meson, the X is assumed to be pseudoscalar.

Since we expect the X to be something like J=2 or J =73 (tensorﬁ or
similar, our calculated distributions for the»§ -e¢xchange are not to be taken

tooseriously,
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Appendix D

Vertex chamber ©

Tho purpose of the "vertex chember™ is to determine the
numbcr of chargced pions, Nor , cmitted from the pion=-proton vertex,
Sincc we intend to measurc N only for the events corrcsponding
to peak, if such is found, thc vertcx chamber should detcermine the

number of charged dcocay products of X-Meson,

If X also decays into K-mesons, the V's would be expce=—

tcd to be secn o fraction of time.

It has been shown recently by Loba et al , on the basis
of the generalized angular momenta plus iso-spin considerations,

that when the following parametcrs of a boson arec given
1) iass
2) el

3) I

the average number of charged pions into which it decays Nar , can
be calculated.ﬁ We recall that our experiment should yield the
following set of informations:
Vass il
1) Ha M,
2) I 21
3) N (vertex chamber)
L) upper limit on r_
max

at the angle ©

5) differential cross-section dcﬁyﬁw

“ Prepared with the aid of G, Charpak

......

and Proc, 1962 Int, Conf, ligh Energy Physics at CLRIN, p.170,
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It is felt that the above sct of cxperimental infor-

mation could serve as a base for a speculative spin-parity assigne

ment of the X-meson,

While with certainty it could be stated

only that informetions 1 - 5 will be useful, in favourable cascs

they may be sufficicnt for the spin-parity assignment,

e e

e propose the discharge halogene chamber to be used as

the vertex chamber,

Propertics of this instrument are listed in

Tablo D"',‘ .
Fablc D=1
Properties_of discharge halogene chamber
Chamber I (in magn.ficld) | Chamber IT (no magn.ficld)

width x . 50 cm 100 cm
dopth 7 } towardttar— 0 om L0 om
length y & 50 cm 50 cm
Filling "

Helium -- 10 * Todinec Same as I
Sensitive time 0.5 us Not testcd but expccted

same as Chamber I

Recycling period ~ 1 ms "

Efficiency for
minimum ionizing
tracks

100%, tested with
15 tracks/picture

Max, particle momen-
tum that can be mea-
sured to 10% and 20%
with H = 16 KGauss

~ 5 GeV/c to 10%

~10 GeV/c to 204

Hax, varticle momen-
tum with which the
charge can be cstab~
lished, H = 16 LG

~15 GcV/c

Special reconstruc-
tion of the particle
direction

Only two-dimensional reconstruction in x-y

plane,
experiment.,

Suificient to the purpose of this




Vertex chamber procedure

First proccdure:
- The chamber is triggered and the picture taken every
time the proton chambers S; - S; are triggered, The

event number appears in the vertex chamber pictures,

- if a peak in the MI-spectrum is found, the cvent

numbers within the peak arc listed,

- then, the vertex pictures, with the event numbers

corresponding to the peak cvents are scanned,

- The scanning consists of counting the number of

charged prongs and V's,

- the same procedure is done with a comparable number

of events outside the peak (= background sample),

- If there is a difference in the average number of
charged prongs and V's between the peak events and
the background sample, this should be due to the

decay properties of the X-meson.

Next procedure:
- The direction of all tracks from the peak events
is measurcd to see if they originate at the I - P

vertex (by means of a programme),

- all tracks that satisfy the vertex condition are

counted and ﬁw is determined.

We arce considering two possibilities:

Small chamber in magnetic field

The existing discharge chamber of volume 50 x 50 x 4O om’

placed in the magnetic ficld of 16 KGauss. The chamber has been tested
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in the magnetic field and it is concluded that up to 15 GeV/c
perticles have a sufficicnt curvaturc to estaeblish the particles
charge, 4t this stagc, no momentum measurcments arc planned. or

nceceded in the vertex chamber,

The disadvantage of the (small) halogene chember in the
magnetic ficld is that it will covcer an anglc of 20° while the
meximum anglc of the X-dccay into 5 bodics is 40° at p, = 6 GeV/e.
At higher p, , this anglc decreascs. The average anglc at 6 GeV/c
is 20°, so that approximutoly‘SO%_of the deeny products will
be lost., The actual number of decay products cen be obtained only
by applying large corrcctions, involving both the phasc spacc and .

the dccay propertics assumptions.,

Large chambcr, no magnetic ficld

A large discharge chamber, without magnctic ficld,
Since, in principle, the sizc of the chamber is unlimited, it can
be made cven larger than the one undcr construction, which is
100 x 4U x 50 em®, In this casc 90/ of the decay products will
be observed in the chamber, Charge of cach individual decay product
will not be determined in this casc, The rcquirement that the
number of charged tracks be odd is sufficicnt to determine the

total number of charged dccay products,
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Figure 1

My ,ll, = magnets
Hy,H, O3 = counter hodoscopes
T = 1liquid hydrogen target

S; = thin plate, 5 gap spark chamber, photographic and sonic

SZ - 1 n s 3 I it 11 5 1" it "

33 = i i R 5 1 Hi i s it i i

Rl = Aluminium block, 2,5 cm thick

R2 = n n , 50 em "

Py -~ P = OScintillation counters

ﬁ, - ?3 = " i in anticoincidence with P; - Pg
V = vertex chamber

centre planc of M, - M, spcciromcter

[t
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Figure Al  Mass spectrun of known mesonic states. The
area under the curves is proportional to the production
cross—scction in pion-nucleon collision in the region
1-3 GeV/c. We use the meson spectroscopy notation:

. JI , where J = spin, I = Isospin, P = parity and G =

G-conjugation parity.
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