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1. INTRODUCTION ' : )

We propose a systematic study of the spectrum of non-strange
bosons X produced in m p » pX in the mass range 2 < My < L GeV,
using incident pion momenta between 6 and 18 GeV/c. This is, with &
new method, an extension to higher masses of our earlier work on
mesons, shown in Fig. 0. A mégnetic-spectrometer operating at 0° lab.
angle and consisting of a wide-gap magnet, sonic and wire spark chambers

with an on-line computer, does the following measurements:

- magnetic:analysis of the forward emitted proton, which gives the
mass of X by the method of missing mass with very good resolution;
- number and direction of the charged decay products of X ;

- effective mass of X for decays into three charged pions.

The system is ready and, apaft from the magnet, has been operated
successfully in production runs in the former I experiment, where a
different method was used ("Jacobian peaks") which cennot be applied
to masses > 2,5 GeV with existing beams. The magnet is at present

/

being mapped.

2. METHOD

In the lab. system, the angle ¢ ‘and momentum ps of the recoil

proton in the reaction

> T + - p+ X
: 1 f ? 4

are related, for given mass of X and a given py as shown on Fig. 1,

where
M}Z( = (E1 + mp - Bs )2 - p12 - p32 + 2p1 Ps COS g N
7 +
=0
éfiﬂ nr .
% ;
m O/i_ o
1,8y ,m My T
) ) , L; @
pS\
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The method considered here is to measure ps and d5 in region II. In
the centre-of-mass system, this corresponds to forward production of
X—, i;ef the proton going backwards. In this region, thc mass resolu-
tion is determined essentially by.the accuracy of ps, while the
measurement of ¢ is not critical. (This is the opposité'of the

"Jacobian peak mcthod! of the former MM experiment.)

The main featurcs of the method are the following:

- masses up to 4 GeV can be reached with beams at. present available at
the PS (for a given p;, M, is 1-1.5 GeV higher than with the
"Jacobian peak method");

- a given mass is measured at its lowest klnematlcally possible momentum

X

transfcr, therefore hlghest differential productlon cross-section,
(Wthh is at 0° and for a given mass by at least a factor 1000 larger
than at the corresponding,“Jacobién peak");

- the mass resolution is betwee: 10 and 20 MeV . (full width) and only
weakly mass dependent; ,

~ the trigger rate is high enough to saturate thc system, i.ec. at least

15 events per burst.

Simultancously with the neasurement of ps and ¥z, the number and
direction of the charged products of X are measured. In the case of
three charged pions this allows the reconstruction of the cffective
mass, ‘and the possiblc determination of spin and parity from angular

" correlations and Dalitz plot analysis. (A Dalitz plot of the A meson
has already becen obtained with the wire chambers of Fig. 2 in January

1967, showing the p in the projections.)

A comparison between the here proposed "0° method" and tho
"Jacobian, peak method" is given in Table 1 for different valucs of

incident momentum p; -and mass MX'

NOTE: The 0° method has been used at Brookhaven by Hyman et al. in
T p - nXO, where they measured thc ncutron momentum by time-
of-flight, A strong n was obtained, sitting on only 15%

background.
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Mass bites and resolutions

= 6, '1“2',‘4""‘1"8 cev/c (bpi/ps = 1%); ps= 0.35- 0.0 GeV/c (Aps/ps = 1%)

N Jacobian peak method | Magnetic-spectrometer
Pyt Emax" e e . .
(Gev/c) | (GeV) 'MX(GeV) S re-xp MX(GeV) -rexp
6 | 2.5 | 0.,85=1.55| % 13 MeV | 1.80~2.40 | % 6 MeV.
“2 139 | 1.40-2.30| £ 2 MeV | 2.7 -3 £ o9uev |
18 5.0 | 1.40=2.70] + 12 MeV | 3.3 =4.3 | *11 MeV

THEFINSTRUMENT”

3021

Technlcal egulpment

The laboratory momentum ps- of the recoil proton»(i.e. the missing-

mess.MX) is measured with a magnetic spectrometer (Fig. 2) consisting of

points (i) to (iv)

i)

1i)

Two magnetostrictive wide-gap chambers VC1 and V(2

The wire chambers have been operated successfully in January 1967
for two weeks. They each consist of two crossed planes of wires,
with 150x 150 em® fiducial area, 10 cm gap, 1 mm wire spacing. A
report about their pr0pert1es and performance Wlll be given to
the EEC on 17 Aprll 1967 ’ '

A Wlde-gap magnet .

The magnet considered is magnet No. 2 of the NP Division
(gap : 0.5%x1.0x 1.5 m>, operated at 12 kG). This magnet
is at present being tested and mapped by the NP Magnet Group.



iii) Four acoustic spark chambers

The acoustic chambers are the same as in:'the former MM experiment,
and have been operated without difficulties for more than one

year.

iv) A trigger system to select protons (for description, see below)

The scintillators and fast logics are available from the former

MM experiment, with only minor modifications necessary.
The decay products of X are measured simultaneously wi th the proton
w1th the w1de -gap wire chambers described under point (i),

~For data acquisition we will use an IBM 1800 computer, which does
the sampling of. events and writes magnetic tapes. The computer will be

available from the University of Geneva.

3.2 Proton Spectrometer

3.2.1 Identlflcatlon of protons. Profons and pions coming from the

target are distinguished by the time-of-flight over a distance of about
. 5 metres in the trigger condition. nFigure 3 shows the time-of-flight

spectrum obtained by a Monte Carlo calculation for protons and pions,

with a field of 12 kG and a lower limit of ps; of 0.% GeV/c, given by

range.

Tho rejoction level of pions is > 99 with a p}max = 0.900 GuV/c,
assuning a goometric plus clectronic sprecad in the time-of'-Clight of
6.5 nsec. For kaons, a similar contemination is obtaincd under the

same conditions.

This technique has been used for more than one year in the former
MM experiment, with more pion background, since no magnetic field was

available.

3.2.2 Rejection of "simultaneous'pions. In 14% of cases, the

proton is accompanied by a pion coming from the decay of X , Or phase

space of mass M However, these pions cannot produce a trigger since

X°
they are faster than’ the associated proton, so that the system is still

67/539/3
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dead when the proton arrives. (The R1 oountor"opératostwith'BO nsec dood-
time in its shaper, and the’ protons are 10 - 20 nséc late with respect to
associated pions.) The‘proton telescope will therefore trigger only on
single tracks in the sonic chambers. This means that their replacement

by wire chambers would have no advantages..:

34243 Distinction between pion and proton tracks in the wire chambers.

Detailed Monte Carlo estimates have been made to check how well the proton
tracks can be dlstlngulshed from plon tracks in the wire chambers. In 9&%
of the cases, a proton track can be roconstruoted unambiguously. Figure 4
shows tho dlstrlbutlon of tho sceparation botwoen o roconstructed proton

track and measurcd positiohs'ih chamber 1; using pion and proton tracks in
chamber 2, and the protOn tracks from the sonic chambers. The sharp spike

of zero arises from protons, the flat continuum from pions.

From points 3.2.1 to 3.2.3 above, it is concluded that o clean,

ices » 97%, proton sample can be obtqinod, and the momentum msasured.

3 2.# Shape of the mass spectrum. The detection probabllltj for a

r30011 proton oomlng from the target, as a functlon of mass MX and ps,
has been determlned by Monte Carlo methods. We used as input a flat mass

spectrum with' differential cross-section ‘do/d| t] proportional to o‘eltl

for 0.3 < ps < 165 GeV/o, and py = 12 GeV/o.

* The output of the spectrometer is presentod in Flg. 5, and shows tnat
thespeotrum.ls qulte smooth,and a pegk superlmposod on this baokground can
therefore be dlstlngulshed. The total ootectlon proba b;llty (ratlo of”

deteoted to produced protons) is L.6% in the mass range given abova.

- 54245 Mass resolution. The mass resolution is given by .

L : -
rtOtal = [P + T +Tg? 12 where Ty is negligibly small since dli/ad =0

at ¢ = 0°, and where :

‘ . 005 9 = 4, ' -
Ipy = Px 2 TB« 5 Ap1 ,  Tps = p4_00513 JBZLQ

X J.\(; .X

Aps o«

The contributionS‘from.TP1‘and Tps are about equal, The uncertainty on o,

is taken as 1%, as justified from our experience in the d beam. The valuc

of’ APB/'p3 has been taken as 1%, which comes equally from multiple scattering



(5.7 mrad at ps = 0.5 GeV/c) and spatial resolution (5.3 mrad) due to
wire spacing in the chambers. ‘The accuracy of the magnetic field

mapping i8 assumed to be 2%o.

The energy ioss of the proton on its path through the hydrogen of
the target has been studied in detail. We find that the contribution
to I'ps coming from an uncertainty in this energy losﬁ is negligible,
compared to I'ps coming from the magnetic spectrometer. The reason is
that the vertex, .and therefore the path length of the proton in hydrogen,
are well known (vertex to * 4 mm) due to vertex reconstruction with the

decay pions.

The total experimental resolution is shown in Fig. 6 as a function

of p1 and M,. A typical value is 0P - 18 NMev (full_width at half

‘ X
maximum) .

" 3.3 Decay analysis

The number of charged decay products and their directions are
obtained from the wire chambers VC1 and VC2. The trigger accepts
events only if all charged decay products are going into the chambers.

These chambers can handle five sparks with at least 95% efficency.

The acceptance of the two wire chambers for three-pion decays
of X as a function of p; and MX is shown in I'ip. 7. It is secn that
Lor 9 < p < A8 GoV/e and 2 < MX <l GoV, din more than 7070 of the ovents with
a good proton all thrue decay pions arc going into the solid angle
defined by the wire chambers. We do not consider it worth while to
put more chambers around the target in order to increase the solid
angie, since the trigger rate is already high enough to saturate the
data system. From Monte Carlo calculations we find that four more
wire chambers sideways around the target would increase the three-pion

acceptance by only 10-15%. -

The effective mass can be contructed in cases where X decays into
three charged pions only. Knowing the three dircctions of *hese
pions, their momenta can be calculated, since we have four equations
from four-momentum .conservation and three unknowns only. We have

therefore a one-constraint fit, which allows the elimination of 7° ‘s,

67/539/3
p/ jm



.This method has been used successfully in the case of the A, meson
in January, 1967, using the wire chambers of Fig. 2. The difference
between three-pion effective mass thus obtained and the simultaneously

measured MM is shown in Fig. 8, this difference being typically * 30 MeV.

Details about this method will be presented to the EEC.on 17 April, 1967.

3.4‘ Trigger and data system

3.4.1 Trigger condition. A simplidied fast logics diagram is shown

in Fig. 9a.
' The trigger conditions are
8) incoming particle and interaction in target - HIH2 TB VTV
b) recoil proton in proper angular and momentum range R1R2 K3,
We estimate the accidental triggers to be below 10%. A system of anti-
counters V around the backward hemisphere of the target allows the

trigger only when all charged decay products of X go into the wire

chambers.,

3.4.2 Data acquisition (see Fig. 9b). The whole information of

each event is digitized into 100 scalers, pattern units, and parameter
units. For the spnicland wire chambers we use the first 16 bits of fast
(25 Mc) 2L-bit sp?lers; Aftér‘each event they are read into the memory
of thélIBM 1800, erﬁ wheéce thé_information goés in blocks of 15 events
bn magnetic tape. The reading fime of the 100 écalers in small compared
to the 10 msec chamber déaa;time. No filtering can be done before writing
on tape. One event per PSibﬁrst can be sampled and analysed on-line

.in some detail. Twicc a day we analyse tapes of 30-50,000 evehts off-line
on the CDC 3800 ("bicycle ON-LINE"). On-line operation with a big'computer
(e.g. CDC16600) worked well in our runs with the former MM e#periment, and

would also be desirable in the production runs of this experiment.

o i

- 34103 ILvent rate and statistical sensitivity. ‘e oblain one trigger
per 10° incident pions, taking a target length of 50 cm and taking a to
cross-section of 10 mb for the reaction 7 p - pX—,'at 12 GeV/c. This gives us
us 3 x 10° triggers per day, assuming 7 X 10* incident pions per burst, and

the beam working 70% of the time.

67/539/3
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Fifteen triggers per burst are accepted by our system, the limitation

coming from the 10 msec dead-time of the spark chambers,

From éxperience with the former MM system, we know that this gives
6x 10* good events per day in the final histograms, in a mass bite of
600 MeV width., Thorufore, in ordor to cstablish the existence of a narrow ro-
sonance of 10 ub total cross-soction with a statistical wsignificance of

6 standard deviations, we nved two new PS wecks of running.

3Jiy Off-line computing. Since the full analysis will be done.

- off-line (excépt, if a big on-line facility is available permanently) we

' need the following ausount of CDC 3800 (or equivalent) time (sce also

" section 4, Table 2) :

i) Technical runs

- 1967 (Sept. - Dec.) 2 x 30 h with priority, distributed over 2 x 2

nuﬁ P5 weeks (i.e. over 6 computer weeks)
+ 2 x 90 h without priority, distributed over the
same time.
ii) Test run
1968 (Jan. - March) 1 x 75 h with priority, distributed over 2 new
PS wecks
+ 1 x 150 h without priority, distributcd over
2 new PS wecks
+ 100 h for SUMX, over the same period.
\ The last block corresponds to a production run of 2 new PS weeks, and
would be repeated five times (PRODUCTION RUNS 1 - 5) in addition to
this test run in 1968.
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L. 'SCHEDULE OF RUNS

Table 2

‘ R Bea:h | Intensity : _
Type of run Su‘\baectl momentum - (per %E)_L - 1%)' PS' time Date
Technical - R : . . A
Run . "Sett:.ng: T GeV/c 11’?' > 104 2 new PS Septf Oct.
No. 4 up . : - weeks 1967
Technical | .
Elastic - Nov. Dec
Run 5 4 1 . .
oo 2 tost L GeV/e| w > 2 x 10 . 1967
Test run | R meson | L.0 GeV/c| 7 | = 10° " Jan, Peb.
R o : 1968
Production i
Run 1.8-2.. 6.0 GeV/c | " " 2 new PS
GeVv weeks
No. 1
No. 2 2.3=3.0 | 9.0 GeV/c| " L L
No. 3 2.7-3.5 [12.0 GeV/c| " oo "
No. k| 2.9-3.8 |15.0 Gev/c| " | = ° T
No. 5 | 3.3-4.3 | 18.0 GeV/c| " 2 - "

67/539/%
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FURTLER EXPERDENTAL PROGRAM

As soon as the boson spectrometer is running in the form described

above, three extensions can be made.

5.1 Doubly charged bosons (T = 2) in the reaction W+p - X
A 7" beam would be used instead of 7 to investigate ¢

. . o . -
i) with the proton spectrometer, the spectrum of X which is equivalent

3

to X (T =1cr2, T, = 1) in the reaction 7 p - pX', and simultaneously

ii) with a neutron spectromcter, operating at the "Jacobian peak’, the

: : . ++
spectrun of X' '(T =2, T = 2) in wp - k.

2

The question whethar T = 2 bosons exist is of fundamental importance for
the classilication of elementary particles, e.g. the Dalitz quark

model. The neutron detector would be built and operated by E. Zavattini

and R. Rigopoulos. The upper mass limit for MX++ would be 2.7 GeV.

5.2 Detection of 7°'s in the decay of r (or X++} respectively)

As the next step, automatic y-sensitive wire chambers would be set

]
n

up around the target, subtending the same solid angle as our wire chambe

=

ct
v

At the same time, the trigger should be arranged in such a wey that gvend
- + :
qe s . * . i+
are accepted only if all (i.e. 7 and 7°'s) decay products of X ,X"  go

into the combined charge and neutral sensitive chambers (by mekin

[65]

o~
w

Vy-sensitive). Thus the branching ratios of singly and (if they exist)
doubly charged bosons into charged and neutral particles woula be

measured.

The CERN-Trieste Group, for example, which is at present developin
y=-sensitive wire chambers, has cxpressed a strong interest in assoclating
their equipment (once it is ready for production runs) with our main

spectrometer.

5.3 Bosons of very high mass, up to 8 GeV : Serpukhov

The magnetic boson spectrometer would be well suited to run in one
+
of Serpukhov's secondary pion beams for masses of X up to My—: 8 GeV
& =L

with a resolution of £ 15 MeV, quite independent of mass, using

incident pion momenta py = 30-60 GeV/c.

2
.
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In more than 90% of the cases, all decay products of X would be
accepted by our two forward wire chambers, in the arrangement described
above, , '

A detailed study of this subject has been made, and a memorandum

was submitted to A, Wetherell, on 20 February, 1967.

. :,)..{ -‘;‘
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Figure captions

Fig. 0 : Compiled spectrum of bosons, mecasurcd in the rcaction
W-p - pX_ with the former missing-mass spcectrometer
[Phys.Rev.Letters 17, 890 (1966)]. A tentative extra-

: polation to masses above 2,5 GeV of the straight line

which fits well the squared boson masses in the known

region, may suggest what one could expect to find with

the new magnetic boson spectrometer.

Fig. 1 : Kinematics for 7 +p » p X with p1 = 12.0 GeV/c for
different values of M. '

w Heavy rectangular boxes : I) "Jacobian peak method"
at low masses

I1) "0° method®
III) "Jacobian peak method"
2t high masses.
To demonstrate the avantages of the "0” method® at

high masses.
Fig. 2 : Expefimental layout of the magnetic boson spectrometer

Fig. 3 : Distinction of protons from pions
Time-of-flight distributions of protons and pions over -
a distance of 5 metres from the target through the magnet
. (12.0 kG) to the R1 counter. The time separation of
Oy 6.5 nsec between p and 7 takes into account ‘geometric

. "and electronic spreads in the time-of-flight measurement.

. Fig. 4 : Distinction (in space) between proton and pion tracks in
"the wire chambers with the help of track reconstruction

. through the magnetic field.

. . Single tracks in the sonic chambers are combined with
any track in wire chamber 2 (be it a pion or a proton),

and extrapolated into wire chamber 1. There the difference

LK

Lo taken Letween the extrapolated and ol L meosurcd tracks. Dl
number of events is shown as a function of' this differcnce :
it is seen that protons (narrow peak near 0) ace well
distinguished from pions (flat background), the pion contami-

nation being only 2%.

67/533(3
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Shape of mass spectrum as obtained from magnetic analysis
of the recoil proton around 0° lab. angle (i.e. a missing

mass spectrum). A flat mass spectrum has been used as

| input, with do/dat ~ e™° E , and p1 = 12 GeV/c. The para-

meters of the actual set-up (Fig. 2) were used. The upper

limit in MX is given by the limit in ps;, which itself is

'determined by the separations of protons from pions through

time-of~flight. [The envelope (heavy line) is for

‘ 0.3<ps < 1.5 GeV/e. ]

Mass resolution of proton spectrometer as a function of

incident momentum p; and missing mass MX'

Parameters Aps /pr = 1%, Ap3/p; = 1%, 0 = 0°(8 =z 10° gives only

negligible contributions).

Percentage of cases where all three charged decay products
of X are accepfed by the wire chambers, as a function of

p1 and Mxi The circles indicate the avorage mass My at
which the spectrometer would operate for a given pi. For
decay multiplicities higher than 3, the acceptance increases,
since the Q-value decrsases for aAgiven MX. -

Comparison between effective mass Meff’ as megsured by'the

. wire chambers in the case of three charged decay pions of

. X , with the missing mass MX’ as measured simultaneously

by. the proton spectrometer. The number of events is shown

. as a function of the difference Meff - M.: this is not

Fig. 5 :
Fig. 6 :
Fig. 7. :
Fig. 8. :
Fig., 9 :

X
from Monte Carlo calculation, but a result of our

' production on the A, meson in January 1967.

Trigger and data system :

a)  simplified f'ast logics diagram, to demonstrate how a
trigger 1s obtained;

b) data acquisition and treatment (schematic).
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FIG.4

Distinction between proton and
pion tracks in the wire chamber
by reconstruction through the
magnetic field

Pions

Reconstructed position in wire chamber 1 minus position of nearest track

100
! g /// ’, - = ™ x e L,J_
/ 4 e ) p //// / ///’// . )
7 ) o ///// o
’ YO Ya /,/// I e
. / // /1;' /// /:// //{/‘,./‘, ’ //// N
0 20 40 60 80 100 120 140 160 180 200 mm



*W LE gt

St Nm £e [43 lE Ot 62 8¢ Ll 2 o4 7¢

T T ~1 T 12 i i T 7 T Y 0
/ “ / \\ // \\ o \
| _W / i / \ 989 90 >d> 40
oreg 01>d>80 “w \ \ x 0l
| _m \ | i
, g | \
/ m % /\ %9 809590 \ /( .
, _~Oo » \\
\ lo |
\ Eal Jdoe
\ K
\ | |\
.
\ | / -0Y
N
\ ®
)i ‘ . 2 Ing
_ NNY1J3dS SSVIN INANI IV14 d04 m,m
“ H313N0Y123dS NOLOHd FHL 40 W
NOILONNS NOISSINSNVHL m-ow
G by @
g N
o,



LY
<

RGCDR @@.@q @mom | 000

d d | :
(078 %" dV %l ~dVia)
HALANOHL . oy
JAdS JLANOVIN FHL H0
R /NOILNTIOSTY SSVIN
g by 3l
02
/29 8= W Muw
e
eI




fig.7 |
ACCEPTANCE OF THE WIRE CHAMBERS
AS FUNCTION OF Mx AND P1 FOR X’
DECAYING INTO3 CHARGED PIONS

e

10

p,. 18 GeVic

p,=12 GeV/c

p,- 6 GeVic

. 15 25 35 45 GeV



¢ B fig. 8
. DIFFERENCE BETWEEN
L MISSING MASS AND

EFFECTIVE MASS
“A2 run, 7 GeVic, January 1967
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fig.Sa

FAST LOGICS (schematic)
TRIGGER CONDITION 7

\\\\\

fig.9b

DATA TREATMENT
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