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ABSTRACT

We have measured the production of n+,K+,p,2+,§=,§=,d and

™,k ,3,5 ,5,5,07,3 in the forward direction for 0.%35<x< 0,656

This range of x corresponds to laboratory momenta between 70 and 130

GeV/c for an incident proton momentum of 200 GeV/c., Particles are

. identified by a DISC Cerenkov counter, and decay products are analyzed
by a magnetic spectrometer. Antihyperon (§=,E=,E¢) and Q fluxes

have been measured for the first time in a hyperon beam.

In the comparison of our data with results from other expe-—
riments, we observe scaling behaviour and (1—x)n distribution for

inclusive particle production.
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I. INTRODUCTION

We present the results of the measurement of particle and anti-—
particle fluxes in the CERN SPS charged hyperon beam. This beam uses
a DISC Cerenkov counter to identify secondary particles produced in
the forward direction from interactions of 200 and 210 GeV/c protons.
In order to study the decays of the hyperons in the beam, a magnetic

spectrometer is used to measure the charged final state particles.

IT. HYPERON BEAM

Protons extracted from the SPS interact in a 32 cm long BeO
target placed inside the first bending magnet M1 (Figo1). This magnet
separates the secondary particles from the transmitted protons, which
are absorbed in the first collimator C10 Magnets M2 and M3, which are
filled with a dense material except for a narrow channel of 3% cm2 in

- cross section on average, further reduce the background and select a
beam whose central momentum can be varied up to 130 GeV/c. In order

to match the acceptance of the DISC, the beam is focused to be parallel,
using the superconducting quadrupoles Q1 and Q2. Under typical running
conditions, the momentum bite of the secondary particles at the end of

the magnetic channel is *8%.

The momentum dispersion of the beam and the optical properties
of the magnetic channel allow the particle momenta to be determined
from their horizontal angles. This is done with five multiwire pro-
portional chambers (Figo2), using staggered planes to give an effect—
ive wire spacing of 0,25 mm. The accuracy is 11% on the momentum and

$0,07 mrad on the angles in projection.

IIT., THE DISC CERENKOV COUNTERS

The SPS DISC is of the type described by Ref. 1). The Cerenkov
angle (40 mrad) and the radiator length (Qm) have been chosen to mini-
mize the decay losses; the gas (002) and the correcting optics to
optimize = and I separation at 150 GeV/c. Eight photomultiplier tubes
collect the light
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transmitted through a circular diaphragm whose width can be varied to
change the acceptance. The pressure can be varied to cover the range
of velocities corresponding to masses up to 5 GeV/c2 if the beam is
set at 100 GeV/c. Pressure curves are shown in Figs. 3 and 4 for
negative and positive beams at 100 GeV/c. For part of the exgeriment
a second and shorter DISC, used in a previous PS experiment 2 , has

been installed to extend the mass range up to 10 GeV/c2.

THE SPECTROMETER

Drift chambers before and after the spectrometer magnet (Fig.2)
are used to measure the charged particles from hyperon decays. The
magnet has an integrated strength of 2.2 T.m. . The main parameters

of the two drift chamber telescopes are the following :

(a) in front of the magnet : drift space 5 mm, spatial accuracy

200 p which corresponds to a 0.1 mrad angular accuracy;

(b) after the magnet : drift space 10 mm, spatial accuracy 300

which corresponds also to a 0.1 mrad angular accuracy.

The resulting momentum resolﬁtion of the system is i105% at 100 GeV/c.
The relative calibration of the spectrometer and the magnetic channel
has been achieved using beam pions traversing all the apparatus. The
accuracy of the spectrometer using & — Am. decays is shown on
Figs. 5 and 6., The FWHM of the reconstructed A and &  masses are
4 MeV/c2 and 6 MeV/cz, respectively., Additional detectors are used

to identify electrons and photons and to measure their energies.

PARTICLE FLUXES AND RATTIOS

The fluxes of the most abundant particles (ni,Ki,p,B,Zi,E")
at the exit of the DISC are determined from the pressure curves
(Figs° % and 4 for 100 GeV/c)o For the less abundant particles
(EE, = ,07,d,3) which do not appear as a peak in pressure curves
because of the low signal to background ratio, information from the

spectrometer is used. The reconstruction efficiency has been measured
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using the abundant decay E~ - Am, A - pm . In the case of =V
one also requires a reconstructed n° from the E:‘ﬁ Bno decay;
the efficiency of reconstructing a n° is known from the st o pno
events. The fluxes are corrected for the geometrical acceptance of
the DISC and Table 1 gives the fluxes obtained at the 98.5 GeV/c
for 106 outgoing particles. At present we have reconstructed
12 TF, 204 5 and ~ 1700 Q's. The particle ratios at the
production target are determined from the fluxes at the
DISC taking into account the decay losses in the magnetic channel and
the absorption in the production target. These ratios are given in
Table 2 for 70, 95, 100, 120, 130 GeV/c . The systematic error of
i15% has been estimated from the reproducibility of the measurements

and is mainly due to different beam conditions.

In Figs. 7 and 8 particle ratios K+/n+, K /m, p/m  and
p/n+ are plotted as function of the Feynman variable x and compared
to other existing data at other energies 3)° One notices a good agree-
. ment between our data and the high energy data; the scaling behaviour

of production seems to appear at energies above 100 GeV.

Figures 9 and 10 show the % /m, st/nt ana g /m  particle
ratios as functions of x compared to low energy data 4)° Our 210
GeV data are in agreement with the 24 GeV PS data, but in disagreement
with the 29.7 GeV AGS data. As the low energy data disagree one cannot

draw a conclusion about the scaling behaviour of hyperon production.

The production of particles in the forward direction at large
x 1s generally described by an invariant cross section EdBO/dBp ~
~ (1—x)n, where n depends upon the particle. Assuming this type
of dependence, the values An = (ni—nn) are shown in Figs. 7 to 10
for the ratios of the various particles to pions. For the baryons

p, & and E  the power ng increases with strangeness making the

leading particle effect less and less pronounced.

In Fig. 11 the particle ratios p/m, £/m, E/m, Q/m and the
antiparticle to particle ratios p/D, E:/2+, = /27 are plotted as
functions of the strangeness. One observes the rapid decrease of the )
leading particle production (p,Z,E,Q) and the rapid rise of the anti-

particle to particle ratio with the baryon strangeness.
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HIGH MASS SEARCH

Using both DISCs we have searched for high mass particles
produced by 200 GeV protons at a momentum of 95 GeV/c. Data have
been taken for a range of mass between 2 and 10 GeV/c2 by varying the
pressures of the 2 DISC counters and for negative and positive polari=-
ties. The steps in pressure have been chosen to ensure a complete
coverage of the mass range by the mass acceptances of the DISCs. An
additional gas Cerenkov counter has been used to eliminate random
particles which triggered one DISC. This counter, installed just
after the two DISCs has a Cerenkov threshold set at a mass of 2 GeV/c2

for a momentum of 95 GeV/c.

In the analysis, we have looked first for "stable" particles, i.e.,
particles not decaying before the end of the apparatus. This corres—
ponds to particles of lifetime greater than mx 10—9 sec where m is
the mass in GeV/c2. Having found no particle, we can set a limit for
the production ratio Xt/mt or X™/r" or X/m < 1077 with 90% con-
fidence, for x = 0.475. This corresponds to a cross section .of
7 nb/GeV/c/sr per nucleus using measured pion cross sections 2’. fThis
experiment extends similar attempts at observing high mass metastable

5)-6) with smaller lifetimes by a factor of 10 to 100. We have

particles
looked also for particle decays by searching for events with kinks
between tracks measured at the DISC and the spectrometer. The main
background is due to off-momentum stable particles with the right
momentum to trigger the DISC and interacting in the decay region.

This background is eliminated by requiring that the momentum o]
measured by the spectrometer is not equal to (m/mo)pO where m,

is the DISC mass setting, m the mass of m, K or p and P, the
nominal momentum. Having found no event after this cut, we can also
set a limit on the particle ratio at the DISC, which is X/m < 107/
with 90% confidence. Due 1o the shorter decay length the limit applies

to particles with a lifetime smaller by a factor 3.



VII. CONCLUSIONS

With the CERN SPS charged hyperon beam we have measured charged
particle ratios for both signs and for a large number of particles at
various momenta between 70 and 130 GeV/c. In particular we have
measured hyperon fluxes I , 5, Q7 high enough to allow a study of
the leptonic decays of £ and &  and to collect a sample of about
2000 Qs 7).

Antihyperons (EI,E=) have been isolated for the first time

in a charged hyperon beam.
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FIGURE CAPTIONS

1o Hyperon beam.
2. Spectrometer layout.
3 : Pressure curve at 100 GeV for negative particles.
4, Pressure curve at 100 GeV for positive particles.
5e Reconstructed A mass.
6. Reconstructed = mass.
+, + =, = =, + . .

7o K'/m", K /m, p/m" ratios as functions of x.

+ . .
8, p/m"  ratio as function of x.
9. 2+/n+, ¥ /m ratios as functions of x.
10, /T ratio as function of x.
11, p/my T/m, 8/m, Q/n and 7/p, /T, = /5 ratios as

functions of S.

KRKRK
TABLE CAPTIONS
Te Fluxes at 100 GeV for positive and negative particles
at the DISC,
26 Particle ratios at production target for 70, 95, 100,

120, 130 GeV/c.



1°614

L

U + Aﬂﬁrr;r
/ ) N N
W — 0 NOI93Y NN
02'10v4 - O NOIO3IM _ £ 1OV4 "NOYA _ , 10V ‘NOVI
40 INIWIOUYINI gg NolLD3S . YV NOLLD3S
NILSOMAL ] UEANNY SSVS
0 wg w4 | w9 wg

| = = . [ jﬂwﬁE

Wy3g — 85 % _ﬁWJ_M % VFV|V 7 7 7 7 e _ _
- VPN T LT T TP N
VA L39HVL W 10 20 8— 2 . v — & mws_

WV3E NOYIdAH FHL 40 TTINNVHO OILIANOVIA
©




z°h14
woe 0¢ Gl ol 0
I T T T 7
19quioyo uonw
194unoo
Ayoydiynw SJ3qWIDYD WDag
g 241X 5
J3JUN0D UOJOX AOYURI) SD
_89a J ¥ 14 LX xu_o;wooz L \\ //
i o H 0 e -t HE__ b
AOMNIY
\ [Roel e 200 100 =_= uoibas Ap2aQ SIS 51
990 600 Sd
youbow\ 4OIMpUDS
|| J9jawouoads wini gy JOLD|jIIUIDS PDJ|
/Bo
Po3 DdMIN
ssp|b poa)

uo4!




DISC counting rate per beam particle

! 1 | I | I 1 | T

|00 GeV/c Diaphragm opening: +0O.13mrad.
3 — T /100
o= 3 p (\ i
'O-4'7'::;- —
ﬁ K /0o g
10° - —

' | | l | l I J
73700 74000 74300 4600

— DISC pressure

Fig.3



DISC counting rate per beam ‘particle

1072

07

(ol

107}

|||Illll

IIIIIIII

™M
+

IOO.IGeV/cl Diop')hroglm opening: £O.17 mrad. 1

P/100 il

4
/100

73800

4000 74200 4400 74600

— DISC pressure

Fig.4




Number of events

1000

100

|
e

Fig.5

(p ) effective mass , ( MeV/c?)

L | | ]
FWHM —
B = 4 MeV/c? _
e _
o A _
B My |
.
1120



Number of events

T T

FWHM —
=6 MeV/i?

1000

100

| m
| | I
1310 1320 1330

-

(X 7)) effective mass , (MeV/c?)

Fig.6



¢ CHLM VS =
o Baker et al

® FSAS

* Baker et dl

| l2 Bushhin et al,

45 GeV
300 GeV
300 GeV
200GeV

70 GeV

o This experiment 200/210 GeV

---—Allaby et al, 192 GeV

[

10 o -7

o -
"6 -
= < ~~|«
(_.2 © 3 \\\
£ B \\\\ [ L 4 -]
-2 . \\\ .
10 — ]
S O ]
- \ —
‘— \\ ® + 5/"’_ o=
\
— \\\ 8 —
B \\' A + 9\\ o
\\ A o
- \ —
\
\ A
\\ A
-3 \
|0 [ 1 1 | | N P ]
O 02 04 06 0.8
X



o Baker et al. 300 GeV

2 |
0% e Fsas 300 GeV
-« Baker et al. 200 GeV

——_ Allaby etal. 8.2 GeV

o TTT
~N

|
N

| o _This experiment 200/210GeV

Fig.8

0.8




ratio

Particle

-1
|10

[ | I I P

o Badier et al. 24 GeV
® Hungerbiihler et al, 25.8 GeV ¢

e ] i 29.4 Gev
o This experiment 200/ 210 GeV )
m M 1] i 0" 1 Gev

— /7

L1yl

O 02 04 0.6

Fig.9



ratio

Particle

1T

IIIIIII

I

10

3

| o Badier et al.

_ « Hungerbiihler et al. 29.4 GeV
o This experiment

B /n~

24 GeV

200 /210 GeV

||

I|ll||

Lol

|

|
O 0.2 04

0.6

X

Fig.1l0

0.8




ratio

Particle

1073

llllllll

I

I IIIIHI

1 IIIIII[

1 llllllll

Qp/r-

f |

2007210 GeVv
x=0.47

OV

O3 /-

—-
11
~
I

| llllllll | Illlllll

| | Illlnl

1 lllllll

Strangeness S

Fig.1l






"Ssew Butuanoqybiau 4o sa|oLjued jsutrebe

UOL3D9[dd JUBLILYINS B BUNSUB“BWLY Biles ayj je ‘pue ‘ddoueldsdde )SIQ BY] SSLWLXEW 0] USPUO
ut ‘wbeayderp pastutydo A||eLoads e “a|dtjJed yoes J40j “butsn Aq psuLelqo usaq aaey Aoy
‘lduueyd oLjaubew syl wods N0 HuLWOD mmﬂu_ugma Aaepuodas 90l 03 puodsaJ40d saaqunu asay]

4 0g L0 0ov 14 000¥ sexn|4

Iu
83)
+
[N
G
&3]
-+
[N
N

"O/A99 G 86 3® SUOLILPUOD Buruund [eaLdA3 49pun JSId °yz Aq paubLs saxn|4 uodadAy

1 alqeL




Table II
Particle ratios at production
200 GeV/c protons 210 GeV/c protons
95 GeV/c 128 GeV/c 73 GeV/c 98.5 GeV/c 115 GeV/c
-2 -2 -2 -7 -2
K™/ - [(4.820.7)107% [(3.8:0.6)10 (7.2¢1.1)10 (5.6+0.8)1072 | (4.7+0.7)10
-3 -3 -2 -3 -3
B/ - [(7.9¢1.2)10 (3.1:0.46)107° [(1.920.3)10 (8.9£1.3)107 | (6.420.9)10
27/ - | 0.195£0.029 0.60+0.009 (8.0£1.2)1072 | 0.229:0.034 | 0.380+0.057
2%/ - |(1.520.4)1073
=7/~ [(1.62:0.24)1072 |(2.920.43)1072 |(1.020.15)10°2 |(2.1+0.3)1072 (2.5£0.4)1072
o 2.9:0.4)10™%
/- (2.9+0.4)
X e7:0.56
d, - |(2.5¢1.7)1077
/
T (2events seen)
K¥/ + 0.14+0.02 0.20+0.03 0.235+0.035
P/ + 1.110.22 3.95+0.59 7.5+1.1
i 0.21+0.03 0.42+0.06
= 1.3+0.2)1073
B/ + (1.3£0.2)
-4
d/ + |(2.420.5)10




