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fpawaa B.r. K np. El - 11606 
3apS11lOB8SI 8CRMMeTpHSI B T1 -p -B38HMOnei!CTBHSIX npH 40 faB/c 

B 38BKCKMOCTR OT MHOlKeCTB€fiHOCTH 3apS!lKeHHbiX 'ISCTHU 

a nonepe'IHoro aMnyn&ca 

HccneJlyeTCSI aCKMMeTpHSI cpeJlHHX MHOlKeCTBeHHOCTei! aapSilKeHHbiX 

qaCTRil B nepeaHei! H aaJlHei! nonyc¢>epax c.u.M. B "- p-saaHMOJleilcTBKSIX np1< 

40 faB/c, 8 T8KlKe 8CHMMeTpHSI cneKTpOB nponOllbHblX HMDYllbCOB BTOpH'I

BbiX DROROB. 06HapylKeHO, 'ITO 068 SIBlleHHSI HMeJOT npSKTH'IeCKK OilHH8KOBYJO 

38BRCBMOCTb OT MHOlKeCTBeHHOCTH 38pS1lKeHHbiX '18CTHU H OT nonepe'IHOrO 

&Mnyllbca, 'ITO yKS3bJBaeT aa ax o6wee npmrcxoll:aease. 

Pat5oTa BblfiOllHeHa B na6opaTOPRR BbJCOKHX 3Heprsl! OHHH. 

OpenpaHT 06~>enaaeaaoro HHCTHTyTa SIJlepHb!X HccnenosaHHil. lly6Ha 1978 

Grishin V.G. et al. El - 11606 
Charge Asymmetry in rr- P Interactions at 40 GeV/c 
as a Function of Charged Multiplicity and Transverse 
Momentum 

The asymmetry between average charged multiplicities in 
the forward and backward c.m. hemispheres is studied in "- P 
interactions at 40 GeV/c, as well as the asymmetry in the spectra 
of secondary pions, do 11 I d PII . Both phenomena are found to have 
practically the same dependences on charged multiplicity and on 
P J. thus indicating their common origin. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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Studying the reaction 11 -P-+ 11 ± ... at 25 GeVjc Elbert, 
Erwin,and Walker have found 111 that the gross asymmetry 
observed in the c.m. longitudinal momentum distribution 
d% 1 d P * of secondary charged pions (the spectral 
asymmAtry) essentially vanishes in the reference frame, 
where the momenta of the incident particles are related -+ -+ 
as P --(2/3)Pp , that is in the quark centre-of-mass 
syste&. 

The result of paper 111 was confirmed in a number of 
later experiments 121 and stimulated further discussion 
of the quark model for multiparticle production 13 ,4/. 

Later on investigating 11-p interactions at 40 GeVjc 
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 151

. 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 GeVjc "
beam from the Serpukhov accelerator. We have used the 
event selection criteria as in paper 161 , and the total 
number of events is 12736 for 11- P inelastic interac
tions. We identified slow protons in the chamber with 
pLA~ 0. 7 GeVjc by ionization. The rest of the particles 
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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. 

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 ch in the same way as the 
spectral asymmetry of secondary pions 11 ~ we present 
in Table I the nch dependence of the R parameter. 
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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 da" I d P11 in the interval -1 -~ P ~ 1. 
( R spectraO or in the ~verage numbers of charg~d had
rons going in the forward and in the backward directions 
(R F- B ) · 

To obtain R spectral , we searched the frame, where 
da" I d Pll of the forward rr + and of the backward rr-

mesons are symmetric. Following ref. 111 we conside
red the spectra to be symmetric when the x2 function 
achieved its minimum. The X 2 function was defined as 

20 + - 2 
2 (ai -ai ) 
X-~----.--. 

i=l (8 .+ )2 +(8~ )2 
1 1 

+ -where a 1 and a 1 are the cross sections for produc-
tion of rr+ and rr- in the i-th interval of IPnl.respecti vely, 
while at and 8 i are the statistical errors of a7 and 
ai . We computed x2 for 0.:,:: I Pll I~ 1. GeVjc using 
bins 0.05 GeVjc wide. The errors of Rspectral were 
determined by permitting x 2 IN.D.F. to deviate from 
x2 jN.D.F. by unity. 

min 
As is seen from Table I, for all multiplicities the va

lues of RF-B and Rspectral 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 RF-B 
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

11 
. 

Next, we compare the dependence of RF-B and Rspectral 
on the transverse momenta of charged secondaries. The 
results are given in Table II. Similar to Table I RF-B 
and Rspectral coincide within the errors in each interval 
of P.L . But again the errors of RF-B are substantially 
smaller. 

The PJ. dependence of R F-B is illustrated by Fig.2. 
The value of R F-Bis seen to increase with P..l.. This is 
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were considered as pions. The kaon and hyperon conta
mination was about 47 5%, and approximately 15% of the 
"positive pions" were misidentified fast protons 171

. 

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

<n h > .. 2.96 ±0.016 I c F c.m.s. (1) 

<n ch >B =2.50 ± 0.014 

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 I 
<n > -<n > 

A"" ch F ch B,.0.084 ± 0.004 
<nch>F +<nch>B 

c.m.s. (2) 

Here A denotes the asymmetry coefficient. The er
rors in eqs. (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 + 0.026 151 . 

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 Yq.s. -y c.m.s70.5ln3/2 = 0.2 ). 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 expects to observe the 
symmetry in the q.s. For the q.s. we obtain 

<n ch >F -2.65 ± 0.015

1 
<nch>B =2.80 ± 0.015 q.s. 

A = -0.028 ± 0.004 

(3) 

From (3) we see that in this system the charge asymmet
ry decreases significantly (by a factor of three) and 
changes the sign. We have found that this is due to the 
high multiplicity events. 

The A values for a given multiplicity nch are shown 
in Fig. 1. It is seen that in the centre of mass the charge 
asymmetry is close to 0.1 up to nch =8, and then it 
decreases sharply to zero and even becomes negative. 
In the quark system, A= 0 for n ch =6, i.e., just in the 
region of the average multiplicity, nch- <nch>. where 
most of the events occur. For larger nch . A< 0 whereas 
for ncb ,.,2 ,4 A is positive. 

Table I 

The charged multiplicity dEffendence of RF-B 
and spectral 

nch RF-B Rspectral 
-

2 2.61.±.0.45 2 6 +2.5 
• -1.5 

4 1 • 91.±.0. 1 0 1.98.±0.35 

6 1.51.±0.05 1.56.±0.14 

8 1.29.±0.04 1.32±0.13 

10 1.04.±0.04 1.08±0.13 

~ 12 0.83.±0.04 0.79.±0.15 

Total 1.35.±0.03 1.34±0.06 
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Table II 

Dependence of RF-B and Rspectral on the transverse 
momenta P.L of charged secondaries and charged pions, 

. respectively 

PJ. (GeV/c) ~-B Rspectral 

o.o .;. 0.2 1.15:!:0.04 1.24.±,0.17 

0.2 .;. 0.6 1.30.±,0.04 1.32.±,0.13 

0.6-:- 1.0 1.35.±,0.08 1.36.±0.22 

> 1.0 1.42.±0.16 1.51.±,0.45 

RF-8 

t+ 
u 
t 0 L _ __.____..~...--..___.__-1......--1._____---L-____, 

0 0.2 0.4 0.6 0.8 i.O ~ tO 
8,(GeV/c) 

Fig. 2. RF-B versus the transverse momenta of charged 
secondaries. 

8 

consistent with the notion that the secondari~s with large 
transverse momenta come from the hard direct colli
sions of the incident quarks. The fall-off of R towards 
low P ..1. 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/ 51

. 
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 rr-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 nch and P .L 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 rr- N interactions at 40 GeVjc for help-
ful discussions. 
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