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This paper presents final data on the topological cross 
sections for charged particle production in antiproton-proton 
interactions at 22.4 GeV/c (Preliminary data have been publi­
shed elsewhere hi ) . The present results are obtained in 
scanning more than 260 thousand pictures from the JINR two­
meter hydrogen bubble chamber "LUDMILN' irradiated with a se­
parated antiproton beam at the Serpukhov accelerator. The 
channAl and the scheme of beam separation are described in 
refs. 2- 4/.The momentum spread of particles in the beam is 
0.25%. The upper limit of an admixture of negative mesons in 
the beam is obtained on the basis of the number of interac­
tions registered at the switched-off separators and does not 
exceed 2%. 

In order to obtain the topological cross sections, the 
films were scanned independently two times. During scanning, 
interactions with any multiplicity of secondaries on beam 
tracks were recorded. The third test scan was undertaken to 
settle the differences between the two previous scans. The 
efficiency of finding the events with a given number of 
prongs and the true number of interactions of a given topo­
logy were obtained from the data of the two scans. The over­
all number of interactions of all topologies made up nearly 
128 thousands. 

The effect of factors distorting the observed results was 
established when determining the true number of interactions 
of any multiplicity. The following factors distorting the 
observed results were 

I. A loss of alow (invisible in the picture) protons in 
elastic and inelastic two-prong events. The method to correct 
this loss is explained in ref,/5/ and used in the present pa­
per. The correction for the cross section for elastic inte­
raction ~el=(2.6+0.1) mbarn and for inelastic two-prong events 
!line! = (0. 30~0. OS) mbarn. 

2. The presence of non-discriminated Dalitz pairs in the 
events leads to the overestimated charged particle multipli­
city. According to the results of scan, the Dalitz pairs were 
revealed in 1.27% events. But if the mean number of neutral 
particles produced in pp-interactions at 22.4 GeV/c/6/and 
probability of production of a Dalitz pair of the 17° -meson 
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decay are used, the Dalitz pairs must be observed in 2. 14% 
events. Thus, the Dalitz pairs were not revealed in 0.87% 
events, and this number with tre inclusion of the cross sec­
tion of rr0 -meson production in the events of different topo­
logy/6/was used to obtain corrections (in per cent) to the 
cross sections of pp-interactions of different multiplicity 
(n) presented in Table I. 

Table I 

Corrections for non-identified Dalitz pairs 

n 0 2 4 6 8 10 12 

% +1.1 +0.50 +0.38 -0.36. -1.5 -2.9 -3.3 

3. Overestimation of the multiplicity can be due to the 
prong from the neutral particle decay (A,K 0

) the vertices of 
which are merged with the vertices of primary interactions. 
This was obtained from the data of ref./6~ As the probable 
corrections to the topological cross sections did not exceed 
0.2% which was several times smaller than the statistical er­
rors, they were not introduced. 

4. Scanning revealed the events with the odd number of 
prongs. They can be due to (a) non-discrimination of secondary 
interactions the vertices of which are merged with the verti­
ces of primary interactions (the multiplicity is overestima­
ted) or (b) loss of very short tracks in scanning (the multi­
plicity is underestimated). 

In order to find a correction for non-discriminated secon­
dary interactions, the distribution of the number of seconda­
ry interactions depending on the distance of the secondary 
vertex from the primary vertex was built after measurements 
and geometrical reconstruction of the events. The correction 
did not exceed 0.2% and was neglected since the number of 
events with the odd number of prongs was not higher than 0.2% 
either and the sign of correction was undetermined. 

S.The presence of negative mesons(rr-,K-) in the beam can 
cause a distortion of the multiplicity distribution. However, 
in virtue of a- small admixture of negative mesons (.S.2%) 
such a distortion is within the limits of statistical uncer­
tainty of the results. 

The corrected numbers of interactions of different multipli­
city were rescaled to the topological cross sections using 

2 



normalization to the total Pp-interaction cross section 
a tot = (48+0. 5) mbarn from ref ,17! In this case use was made of 
the above value of the loss of two-prong events and of the 
elastic interaction cross section oel =(8.9+0.2) mbarn from 
ref./8/. -

To check possible systematic differences in the results 
obtained at different laboratories of the- collaboratjon, the 
sununed data were divided into 17 statistically equal groups, 
each containing the data of one laboratory. A comparison is 
made between the topological cross sections calculated in each 
group and with the results obtained on the hasis of the sum­
med data. The comparison has shmm that for some topolot~ies 

the spread in the results with respect to the average exceeds 
considerably the statistical errors (by a factor of 1 .8 for 
2-prong events, by a factor of 1.6 for 4-prong events, by 
a factor of 1.5 for 10-prong events and 11y a factor of 1.4 
for 0- and 6-prong events). For five topologies the spread of 
the corresponding cross sections with respect to average 
of 17 groups did not satisfy the Fisher criterion at a 5% 
level of significance. For the remaining topologies the spre­
ad was actually not higher than the statistical uncertainty. 
It should be noted that the maximum spread of the results was 
observed for 2-prong events. The spread for 0-prong events 
was also substantial. This can be due to the fact tha·: the 
efficiency of finding these events is different at various 
laboratories. In calculating the topological cross sections 
with normalization to the total cross section, the increase 
of the spread in one topology should cause an increase of the 
spread in the remaining topologies and it was therefore reaso­
nable to exclude 0- and 2-pronp, events from the normalization 
procedure and to accept the values obtained on the basis of 
the overall statistics as cross sections for these events. 
As a result, the spread in the cross sections for the events 
with n ~ 4 decreased sharply and only for n=JO the spread in 
the cross sections with respect to the average did not satisfy, 
as before, the· Fisher criterion at a 5% level of significance. 
Therefore, the topological cross sections for all n, except 
for n=0,2 and 10, are listed in Table 2 with the errors con­
ditioned by the statistical accuracy of the results for a gi­
ven n (the normalization error equal to -1% is not included 
in the present error). In Table 2 the mean-square de.viations 
from the average of 17 groups of data (without the normali­
zation error) are taken as errors for an at n = 0,2 and 10. 
Thus, a II-fold increase of the overal statistics,. as compa­
red with the preliminary results (1), decreased the errors 
in on by more than three times for most of the to.pologies. 



... Table 2 

22.4 GeV/c pp and pp topological cross section 

h Event a Corrected Cross S£Ction (22.4 GeV/c), arl ' mb 6,/ - 6,fP , mb 
ch~re;:_e found number a> PP PP b) 22.4 GeV/c 

0 1647 1666 0.59 :!: 0.02 

2tot 44403 44628 18.65 :!: o. 17 16.91 :!: o.3o 

2inel 9.75 :!: 0.26 8.85 ± 0.25 0.14c) 

4 39376 39525 13.95 ± 0.07 12.77 ± 0.13 1 .1 8 :!: 0.15 

6 26398 26302 9.280 :!: 0.057 6.45 ± 0.10 2.8) ± 0.11 

8 11519 11353 4.01 ± 0.04 1 .97 :!: 0.07 2.04 ± o.oa 
10 3535 3436 1 .21 :!: 0.03 0.)2 ± 0.0) 0.89 :!: 0.04 

12 777' 754 0.266 ± 0.009 0.0)2 :!: 0.009 0.2)4 ± 0.012 

14 149 146 0.0515 :!: 0.0041 o.oo4a ± o.oo2a 0.046 :!: 0.005 

16 13 13 0.0046 :!: 0.0013 0.0016 :!: o.ooos 0.0030 :!: 0.0015 

18 5 5 0.0018 :!: 0.0008 o.ooos ± o.ooo6 0.0012 :!: 0.0010 

a) correctio~~o!re explained in the text 
b) from ref. · ANN 
c) the value of a2 is obtained by extrapolation from the 

energy region .<10 GeV according to/11/: a 2ANN=154Q .. s-2,46 
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Fig.2. V~-dependence of the 
mean charged particle multi­
plicity for P p- and pp -inte­
ractions. 

Fig. 1. Plab- dependences of 
the topological iJp -cross sec­
tions. The data at 22.4 GeV/c 
are the result8 of the present 
paper, the remaining results 
are from ref. /91. 
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The values of an changed slightly as well (within three er­
rors). The new data are closer to the smooth curves of the 
Flab-dependences of an in Fig. 1 borrowed from paper/9( In 

Table 2 are also given the topological cross sections for 
interactions at 22.4 GeV/c /to/ and the differences of the 
cross sections agP-agP presented here and in ref./ 10[ Table 3 
presents the mean multiplicity of charged particles, dispersion 
and higher moments of the multiplicity distribution obtained 
from the topological cross .sections. The mean multiplicity of 
charged particles <n> is found to be 4.582+0.021 which is 
larger than <n>=4.25+0.03 for pp-interactTons even at 24 GeV/c 
(for 22.4 GeV the interpolation gives -4.15). This excees 
of <n> for PP over <n> for pp is observed for the region from 
the threshold uP to 100 GeV as seen from Fig.2 presenting 
the dependence <n> on P lab for i)p- and pp interactions. Our va­
lue of D also exceeds the value of D for the distribution in 
pp-interactions at 24 GeV (DPP =2.05~0.03). In accord with 
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Table 3 

Moments of the 22.4 GcV/c i)p multiplicity distribution 

Moments 
pp 22.4 GeV/c 

4.582+0.021 

2. 29+(). 01 

ll 2.28+0.02 

<n> /D 2.01+0.02 

I .247+0.0026 

I. 816+0. 0097 

3.033+0.029 

O.h15+0.012 

-0.993+0.016 

0. 72+0.09 

pp -pp 

22.4 CeV/c 

6.89+0.17 

3.44+0.09 

2.19+0.08 

3. 14+0. 09 

1.01+0.014 

I .32+0.07 

1.70+0.16 

-2.08+0.06 

-2. 24+0. 12 

4.01+0.24 

the other data for PP -interactions at ·15 GeV/c, tlle ratio 
<n.,/D is very close to 2.0, which this ratio tends to for 
the pp-data at high energies. For n ~ 10 the values of the 
function <n·o 1/o 111 el, in the error limits, are the same . 
as the values of. the KNC>-function 41 (2) =(3. 79Z-33. 7Z :1 -6.64Z :J_ 

0.3322 7) exp(-3.042), where Z=n.'·'n .. Yet, for u·,JO the de­
viations are too large and indicate the effect of another 
process, possibly, annihilation. Therefore, the dependence of 
< ann t ann 1 

· ·• ] 1 t d th nann>all 1 (J. 1 on 11.- nann, was ca _cu a e on e as-
sumption that 

1
£-fie annihilation cross sections a ann are equal 

- !1 ! I 

to a~P-a~P , and was compared with the data from ref .1 11 '. Within 
the error limits, our data agree with the data /11/ for 9-
100 GeV/c which suggests the existence of KNO scaling for 
PP -annihilation. 

The difference of the KNO-distributions for PP-annihilati-' 
on and pp -interaction-s corresponds to predictions of the theo­
retical scheme of dual topological unitarization(DTU)/13,_ Ac­
cording to the DTU scheme,the narrowing of the KNO-distribu­
tions in i.)p -annihilation is due to hadronization of a larger 
number of valence quarks as compared to pp-interactions.Accor­
ding to re£./14/, the ratio R

0
o:o(aPP_ 0 PP)jaPP given iri Fig.3 

nn n .---
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Fig.3. Rn= -"--..!!._ versus 

a'?,P 
n at Plab =22.4 GeV/c. 
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Fig.4. s-dependence of the 
normalized moment C ~-<n2:>/<n> 2 

for pp-annihilation. The ar­
row marks annihilation at rest. 
The values of C2below the 
threshold are from ref./17/ and 
above the threshold are cal­
culated either from the PP­
annihilation or fro~ the dif­
ference aPP· -a ~P /12/ The point 
at Plab =2~.4 GeV/c is the pre­
sent result. 

versus n can be approximated by the expression Rn= A- fin, where 
f3 =1.5. In our case j3 =1.67+0,03. 

The normalized moments C k"'-~n k> /<n>k for inelastic pp-
interactions and the differences of PP- and pp-cross sections, 
which characterize i)p-annihilation (Table 3), also support 
our previous conclusions/15,16/ of the correctness of the DTU 
scheme predictions. However, it should be noted that, accor­
ding toi14~the three-jet annihilation dominates at high ener­
gies only. The contribution from the two- and one-jet annihi­
lation would be observed at decreasing energy. 

Figure 4 illustrates the energy dependence of the normali­
zed moment C2. The horizontal lines represent values correspond­
ing to one-, two- and three-jet processes, respectively. The 
arrow marks the annihilation at rest. As is seen from the 
figure, the multiplicity distribution moments support qualita­
tively the predictions of the DTU scheme. 
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