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In this paper we present the first results on the inve
stigation of pp interactions using the 2 m H:BC "Lud
mila" exposed to 22.4 GeV jc antiproton beam at the Ser
pukhov accelarator. 

The antiproton beam was separated out of secondary 
particles by RF cavities. The momentum spread of the 

·beam was of 0.25% /1,2,3/. The estimation of "-:-/Ir 
contamination obtained from the mimber of interactions 
found with the RF separators switched off gave an upper 
limit of 2%. A sample of .... 20000 pictures was scanned 
twice. Taking into account a scanning efficiency of 0.99 ± 
± 8:8~ we found 11558 events. . _ 

A part of the two-prong sample was analysed in order 
to estimate the loss of elastic events. Having investigated" 
the momentum transfer. and . the range distributions of 
short stopping protons we estimated the loss to be 
a 

1 
= 2.5 ± 0.5 mb. The· ·error of this number is 

~s . 
incorporated into. all the following calculations. For the 
total and elastic. cross sections we used thev~lues_·~tot .;. · 
= 48.0± 0.5 mb and ael = 8.9 ± 0.2 mb from counter 
experiments/<t.SL The value a loss .. corresponds to 
losses of events with an effective protOn rarige of 1.5_ em. 

·The total cross section thus obtained from the number 
of primary tracks entering the fiducial region ahd the 
number of interactions is 47.2 ± 1.5 mb. (the.lengthof the 
fiducial region is 107 ;8 ± 0.1 em and hydrogen density 
was taken to be 0.062 ± 0.001 gjcin -3 ). The difference 
(48.0± 0.5) mb- (47.2±1.5) mb maycorrespondtoa:muon. 
contamination - 2%~ which is in accordance with the num
ber of fast a..:electrons found during the scanning. Thus, · 
in a further analysis we normalized our data to the cross 
sections from . the counter experiments given above. 
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· In Table I we present the number of events for diffe
rent topologies and the corresponding cross sections. 
The two-prong cross section was corrected for the losses, 
and the inelastic cross section is given as· welL 

Table I 
Number of events and topological cross sections 

-----------------------------------------------------
Number of 
prongs 

Number of 
events 

Cross section (mb) 
(normalized to 48.0±0.5nh) 

-----------------------------------------------------
0 166±17 0.65± 0.07 
2 3863 ±71 17.75 ±0.80 
2 inel. 8.81 ± 0.90 
4 3599±64 14.17± 0.32 
6 2.410±52 9.45 ± 0.24 
8 1080±35 4.25 ±"0.15 

10 361±20 1.42 ± 0.08 
12 62±8· 0.24± 0.03 
14 ~6±4 0.06 ± 0;02 
16 1±1 0.004 ± 0.004 

Total 11558±117 48.0 ± 0.5 

Total 'inelas.' 39.1± 0.8 

A comparison with results f;om other experiments 161 is 
done in fig. 1. 

For the inelastic· events we have calculated average 
charged multiplicity and dispersion. The higher multipli
city normalized momenta (c =<n q>/<n>q) and the corre
lation function U2 =<nch /2(n~h/2-l)>- <nch/2>2

) are ,also · 
given (see Table II). The energy dependence of the charged 
multiplicity is displayed and compared with the data from 
pp inte.ractions in fig.2.For p lab = · 5 GeV jc- 32 GeV jc !JI . 
we.have fitted the experimental points by 

<n>=a+b ln(~/s 0 ), 
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Table II 
"' 

Multiplicity parameters for inelastic events 

n D 'n/D c2 c3 c4 f-
2 

4,69±0.05 2.30±0.06 2.04±0.05 1.24±0.01 1.80±0.03 2.94:!:0.08 -1.02 
±0.06 

where s 0 = 1 GeV 2 . The parameters and the x2 value 
for 5 degrees of freedom were found 

a = 0.69 ± 0.19, b = 1.05 ± 0.05, x2= 1. 7. 

The early scalingof <n>/D for pp interactions/7/ 

holds for our value given in Table II, and it is compared 
to the data from other experiments in fig. 3. The curve 
representing the p p reactions is consistent with a smooth
ly. decresing curve approaching the line <n>/D=2, close 
to which all the pp data points are already lying. 

As cq 's given in Table II are comparable with 
those found in pp inelastic interactions/Sf, we can say 
that the KNO scaling should hold for our data 161 as well. 
Therefore in fig. 4 we have compared the pp cur_v~ 
tp (n/ <n>) with the points obtained at our energy. 

The agreement of the distribution of normalized multipli
city 'P (n I< n> ) with the pp curve is good enough. How
ever, experiments at higher energies and topological cross 
sections for annihilation reactions would be desirable. 

The. authors want to express the~r gratitude fo the staff 
responsible . for the operation of the accelerator at Ser
pukhov and of the beam channel no. 9 and to the technical 
staff of the :"Ludmila" HBC. One of us (S~L.) would like 
to thank the JINR for the hospitality during her·stay at 
Dubna. 
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Auamra Tononoruqecxux ceqeuuft pp '-BaauMonellcTimll 
_n~H 22,4 fsB,/c · '·' 

fipo.Be):leH ·. 8H81III3 ·pacnpeneneliiiH no MHOiK8CT.B8HHOCTII ·nnH 11558 C06b~-
TIIll pp -B38IrMOllellCTBirll. Up!I 22,4 fsB/c~ Cpe'nuee 3Ha;IeHire MHOiKeCTiieH
HOCTII aapHlKSHHbiX qacTHU nnH ueynpyrnx · npoueccoB oKa_aanocb paBHbiM 
4,69:!:_0,05 n <n>/ D ='2,04:!:_0,05. HccnenoBancsr paHHnll KNO-cxsllnnur Hop-·. 
Mnpoilauui,xx :Tononornqecxnx· ceqeunll. · · · · 

., 

llpenpKHT 061.e.llHHeH~oro HHCTKTyTa x.Qepmx HCCJie.Qosamdt · 
. ,lzy6Ha, 197 4 · 

Abesalashvili. L.N., Amaglobeli ·N.S., 
Boguslavsky LV. et al. · " El 

~a lysis of Topological Cross Sections-. in 
pp Interactions at. 22.4 GeV f.c' 

The multiplicity distribution for ll558events in 
interactions at-22.4 GeV/c.was analysed. The average 

charged multiplicity <nch> for inelastic events was. found 
to ~be'' 4.69 ± 0.05 and<nch>/D = 2.04 ± 0.05. The early KNO 
scaling of normalized topologi:cal cross sections·has been 
tested. 

· Preprint. Joint Institute for Nuclear. ·Research.· 
Duhna, · 1974 

-··t,_ . 

-----·-·- -~·- ----· ·---· --·----~-· ---------·-·~· __ :,_,;:,..,_~--;,.-..-.."--....,._,..._~--·~·------·~--· 


