


El - 11606

V.G.Grishin, E.N.Kladnitskaya, N.N.Melnikova,
L.M.Shcheglova,’ V.M.Shekhter,? ‘A.N.Solomin’

CHARGE ASYMMETRY

IN 7~ p INTERACTIONS AT 40 GEV /e

AS A FUNCTION OF CHARGED MULTIPLICITY
AND TRANSVERSE MOMENTUM

Submitted to "Acta Physica Polonica”

06%. . Lid HEGTRTYY
R .k Toeononnl

______.._________!‘._._-'“ R

! Nuclear Physicév Inszltute of AMos‘c’c')w State
University.

2 Academy of Sciences of the USSR, Leningrad
Nuclear Physics Institute.



I'puwwen B.I'. « ap. El - 11606
JapsnoBas acuMmmerTpus B 7 P -p3aunmoneiicteusix npr 40 I'sB/c
B 3@BHCHMOCTH OT MHOXeCTBEHHOCTH 3aps)KeHHBIX HacCTHI
B NMONepedHOro EMIyabCa
Hccnenyerca acHMMeTpPHS CpelHUX Mnoxecraemioc-reﬂ 3Bpsl)KfJHHbe
YacTHn B mepeaHefi ¥ 3anHeft noaycdepax C.U.M, B 7 P~B3aMMOAEHACTBULAX NpPH
40 I'sB/c, a TakXe aCHMMeTpHS CMEeKTPOB NPOAOJBHBIX HMIYJ/bCOB BTOPHUY-
gHX naoHop. O6HapyXeHO, 4TO 06a sB/eHUS MMelOT IPAKTHYECKHA ORHHAKOBYIO
38BHCEMOCTB OT MHOXECTBEHHOCTH 3apsKeHHbIX YaCTHH 4 OT MONepeyHOoTro
HMNyaAbCa, 9TO yKa3biBaeT Ha MX ofllee MpoxcXoxdeHHe.

Pa6ora srninonneHa B JlaGopatopuu Beicokux sHeprusi OH AU,

Ilpenprur O6bendHeHHOro HACTHTYTA sdepHbIX Mccleaopasni. [yGua 1878

Grishin V.G, et al. El - 11606
innm tions at 40 GeV/c
Charge Asymmetry in 7 P Inlerac. ¢
as agF\.mction of Charged Multiplicity and Transverse
Momentum .
The asymmetry between average charged multiplicfties_m
the forward and backward c.m, hemispheres is studxe‘ed in 7 p
interactions at 40 GeV/c, as well as the asymmetry in the sp:;:tra
of secorndary pions, do, /dP” . Both phenomena are. found to ve
practically the same dependences on charged multiplicity and on
P, thus indicating their common origin.

The investigation has been performed at the Laboratory
of High Energies, JINR.
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Studying the reaction »"p> 7% ... at 25 GeV/c Elbert,
Erwin and Walker have found’!’ that the gross asymmetry
observed in the c.m. longitudinal momentum distribution
dg, /dPx* of secondary charged pions (the spectral
asymmﬂtry) essentially vanishes in the reference frame,
where the momenta of the incident particles are related
as P ---(2/3)13 , that is in the quark centre-of-mass
systefn.

The result of paper was confirmed in a number of
later experiments’*/ and stimulated further discussion
of the quark model for multiparticle production’/34/

Later on investigating ~p interactions at 40 GeV/c
it was observed that there was another effect, presumab-
ly of the same nature, namely the charge asymmetry,
i.e., the asymmetry between average multiplicities of
charged particles in the forward and backward c.m.
hemispheres ’5/ The common origin of the charge asym-
metry and spectral asymmetry of secondary pions was
demonstrated by comparing the dependence of both effects
on charged multiplicity.

In this paper we present the data on these effects ba-
sed on higher statistics, and investigate their dependence
on the transverse momenta of secondaries.

This experiment has been performed with the Dubna
2m propane bubble chamber exposed to a 40 GeV/c -
beam from the Serpukhov accelerator. We have used the
event selection criteria as in pPaper /6/, and the total
number of events is 12736 for = p inelastic interac-
tions. We identified slow protons in the chamber with

PLABS 0.7 GeV/c by ionization. The rest of the particles

/1/
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Fig. 1. Dependence of the asymmetry coefficient

on the charged multiplicity nch . The straight lines
show the average values of A. The black circles and the
solid line correspond to the c.m.s.; the crosses and the
dashed line correspond to the quark system.
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The contribution of higher multiplicity events appears
to be greater than that of low multiplicities since the to-
tal value of the charge asymmetry is negative.

In order to show that the forward-backward charge
asymmetry depends on n., in the same way as the
spectral asymmetry of secondary pions’!’/ we present
in Table I'the n,, dependence of the R parameter.

6

It is defined as the ratio of the absolute magnitudes of
the incident proton and pion momenta in the system,
where the symmetry takes place either in the secondary
pion spectra do, /dP in the interval -1.< P, <1,

( R spectral’) or in the !verage numbers of charged had-
rgns goi)ng in the forward and in the backward directions
Rr-B ).

To obtain R gpectra1 . we searched the frame, where
do, /4Py of the forward »* and of the backward 7~
mesons are symmetric. Following ref.”!’ we conside-
red the spectra to be symmetric when the x° function
achieved its minimum. The X*? function was defined as

2
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where 0;’ and ¢; are the cross sections for produc-
tion of #* and »~ in the i-th interval of lPl l. respectively,
while 37 and &{ are the statistical errors of of and
of . We computed X° for 0.<|Py |<1. GeV/c'using
bins 0.05 GeV/c wide. The errors of Rspectral were
determined by permitting x2/N.D.F. to deviate from

x 2 | /N.D.F. by unity.

min

As is seen from Table I, for all multiplicities the va-
lues of Ry.p and Rg,oc4ra) are the same within the errors.
This means that the spectral asymmetry and the forward-
backward charge asymmetry are apparently the pheno-
mena of the same origin. However, the values of Rr.p
are more precise than those of R spectral . In the
spectral case there is an additional uncertainty related
to the choice of the interval in P‘ .

Next, we compare the dependeane of Rr.p and Rgpectral
on the transverse momenta of charged secondaries. The
results are given in Table II. Similar to Table I Ry_3
and Rgpeciral  coincide within the errors in each interval
of P, . But again the errors of Rp_p are substantially
smaller.

The P. dependence of R p_g is illustrated by Fig.2.
The value of R pis seen to increase with P; . This is



were considered as pions. The kaon and hyperon conta-
mination was about 4+59%, and approximately 159 of the
»positive pions” were misidentified fast protons .

We have obtained the following values of the average
charged multiplicities in the forward (F) and backward
(B) c.m. hemispheres *:

= 2.96 +0.016
c.m.s. 1)
=2.50 + 0.014

<nch

wY =Y

<nch

Thus one sees that there is a considerable charge
asymmetry between the forward and backward hemi-

spheres:

<n Ch>F =<n ch >B =0.46£0.02 f
c.m.s 2)
<N, >on=-<n_.>
Aw CSNMF " et B 4084+ 0.004
<nch>F +<nch>B

Here A denotes the asymmetry coefficient. The er-
rors in egs. (1) and (2) are purely statistical. Besides,
there is a systematic effect related to the misidentifi-
cation of some protons as positive pions. This effect
enhances A and we have estimated its contribution to

A as +0.02675.

From the point of view of the naive quark model the
forward-backward asymmetry of charged particles may
be explained in the following way. For quark-quark col-
lision the c.m.s. momentum of a quark from the incident
'pion is 3/2 times as large as that of the incident proton
quark. Hence the quark centre-of-mass system (q.s.)

moves in the direction of the primary pion (for high
energies ¥qg —Yo.p.s=0-510372 <02 ). If the quark-

*These data were obtained for events, where all of
the charged secondary particles were measured.
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quark collision is the case, one ex
. , pects to observe the
symmetry in the q.s. For the q.S. we obtain

<0 v, =265 £ 0.015

<n - +
ch g 2.80 0.015 q.S. (3)

A =-0.028 + 0.004

From (3) we see that in this system the char
ry decreases significantly (by a factor of tirg:)a:xf(;nmet
changes the sign. We have found that this is due to the
high multiplicity events.
The A values for a giv iplici

in Fig. 1. It is seen that in the centre of mse me o

. e charge
asymmetry is close to 0.1 up to n., =8, and then it
decreases sharply to zero and even becomes negative
In tpe quark system, A -0 for n., =6, i.e., just in th;a
region of the average multiplicity, , . -~ <n’ >, where
most of the events occur. For larger Clrll Ac<h0 ,whereas
for n.y, =2.4 A is positive. oh

Table I
The charged multiplicity d(;{)endence of R
and F-B
spectral
n R '
ch P-B Rapectral
2 2.6140.45 2.6 1312
1.91+0.10 1.98:0;55
1 75'13_0?05 1.56+0.14
1.29+0,04 1.3240.13
10 1.04+0.04 1.0840.13
> 12 0.83+0.04 0.79+0.15
Total 1.35+0.03 1.3440.06




Table 11

Dependence of Rr—-g andR
- spectral on the trans
momenta P} of charged secondaries and chargggx;)signs,

- respectively
P, (GeV/c) RT-B Rxspect;ral
0.0 £ 0,2 1.1510;04 1.2440.17
0.2 + 0.6 1.30+0.04 1.3240.13
0.6 £ 1.0 1.35+0.08 1.3640,22
">1.0 1.4240.16 1.5140.45
Rr-s T T I T T T
15 =
14 —
13+ + J .
1.2+ { .
14 1
{.0 l : 1 I L ]
0 02 04 08 08 410 240
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Fig. 2. Ry_p versus the tr
. 2. Rp_ ansverse momenta
Secondaries. of charged

consistent with the notion that the secondaries with large
transverse momenta come from the hard direct colli-
sions of the incident quarks. The fall-off of R towards
low P, seems to be of the same nature as the similar
effect of the decrease of R with increasing charged
multiplicity (see Table I). A possible explanation of this
effect in the framework of the quark model has been
discussed in ref./S/.

In conclusion we would like to notice that at least two
explanations for both above discussed kinds of asymmet-
ry characteristics of particle production in »”p interac-
tion are possible: a difference in the fragmentation of
a pion and a proton or some effect, related to the central
region, of the sort predicted by the quark model. At pre-
sent we cannot distinguish between the two possibilities.
Nevertheless, apart from the actual nature of the spect-
ral and charge asymmetries our results reveal the
same dependence of both effects on n_, and Pl and
thus demonstrate their common origin.

We are grateful to K.A.Ter-Martirosyan and V.S.Mur-
zin for useful remarks and to the members of the Colla-
boration studying 7~ N interactions at 40 GeV/c for help-
ful discussions.
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