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6aT~H~ 6.6. ~ AP· 
El - 80-164 

PacnpeAeneH~~ no MHO*eCT8eHHOCT~ 3aP~*eHH~x 4acT~~ 
8 np - e3a~MOAe~CT8H~X npH HMnynbce 6.0 r3B/c 

B HacTo~~e~ pa6oTe 6~n~ onpeAeneH~ HeynpyrHe TononorH
~ecKHe Ce4eHH~ np-e3aHMOAe~CTBHH npH ~MnynbCe 6.0 r3B/c H3 
dp -e3aHMOAe~cT8HH c HAeHTH~H~HpoeaHH~M aHTHnpoTOHoM-cneKTa
TopoM npH 12 r36/c. 3KcnepHMeHTanbH~~ MaTepHan 6~n nony4eH 
npH 3Kcno3H~HH 2 -MeTpoeo~ BOAOPOAHO~ KaMep~ OH~H1 11IlloAMHna" 
Ha ycKOPHTene e Cepnyxoee. CpeAH~~ MHO*eCTBeHHOCTb 3ap~*eH
H~x 4aCTH~ <n > H OTHOWeHHe cpeAHeH MHO*eCT8eHHOCTH K AHC
nepCHH <n>/D AJl~ np -e3aHMOAe~CTBHH 6~nH Ha~AeH~ pa8H~MH 
3,32 ± 0,13 01_1,86 ±_0,16. nony4eHH~e pe3ynbTaT~ CpaBHHBa~T
C~ c AaHHbiMH pn - , pp- H pp - 3KcnepHMeHT08. 

Pa6oTa e~nonHeHa 8 na6opaTOP~H B~COKHX 3HeprH~ OHRH. 

npenpMHT 06loeAHHeHHOrO HHCTHTyTa IIAePHWX HCCneAOSaHMH. lty6Ha 1980 

Batyunya B.V. et al. 

Charged Multiplicity Distributions 
in iip Interactions at 6 GeV/c 

El - 80- 164 

Inelastic topological np cross sections at 6 GeV/c 
have been determined from 12 GeV/c dp data with identified 
antiproton spectator. The data were obtained in an exposure 
of the JINR 2m hydrogen bubble chamber Ludmila at the Ser
pukhov accelerator . In np interact ions average cha~ged mu l
tiplicity < n > and its ratio to dispersion, <n>/D, were 
found to be 3.32 + 0.13 and 1.86 + 0 . 16, respectively. Com
parison with pn ,- pp and pp data was made. 

The investigation has been performed at the Labor~tory 
of High Energies, JINR. 

Prepri nt of the Joint Institute for Nuclear Research. Oubna 1980 

The first results are presented on antineutron-proton in
teractions at 6 GeV/c based on a study of the charged multipli
city distribution in antideuteron-proton_collisions at 12 GeV/c. 
Up to date the total cross sections of dp interactions have 
been measured only at 13. 3 GeV/c 1 11 • The presented investigati
on is based on approximately 40 000 pictures from an exposure 
of the 2 m HBC Ludmila t o a 12 GeV/c RF-separated antideuteron 
beam at the Serpukhov accelerator with a mvmentum spread of 
+ 1%. The intensity of the antideuteron beam was equal to 
-::. 0. 85 d /picture and the total hadron background I rr- , K- , 
p I was equal to - 50%. 

The films were scanned twice. Discrepancies between the two 
scans were resolved in a thiEd scan. The amount of np inter
actions was extracted from dp events having a forward antipro
ton spectator . 

The selection vras made on scanning table providing the scat
tering angle of the forward antiproton spectator does not ex
ceed + 2° . 

In order to estimate the amount of negative particles, which 
re semble the antiproton spectator and are not it , pp interac
tions at 22.4 GeV/c (data are described, e . g. , in ref. 121 ) were 
used. Among the geometrically reconstructed pp interactions 
only - 3% of events were f_Qund to have a track resembling an 
antiproton spectator from ~ interactions. 

Theref~re we conclude that the contamination of p p interac
tions in ~ reactions does not exceed 3%. The total amount 
of n p interactions was determined using the obtained scanning 
efficiency 0 . 98 .:t_ 0 . 03. The np data presented here {topologi
cal c r oss sections, normalized multiplicity momenta, correlati
on parameter and their errors) were obtained using the system 
of programs described in ref. 131 • 

Analogously to the method used in the 22.4 GeV/c pp experi
ment 121, the scanning loss, a

1086 
, of events ~ith 2 prongs 

was estimated to be a 1088 = 3. 9 .:t_ 0. 4 mb for np interactions 
which corresponds to a minimum effective proton range of 
- 1, 5 em. 

The iip data of this experiment were normalized to the total 
and elastic cross sections from counter experiments: a tot (iip) 
= 59 . 0 + 3.0 mb {1} and aef (np) = ael. (pn)= 16.5 ,:t 2.4 mb 141• 
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The number of interac tions as a function of charged multi
plic ity and the corresponding topological cross sections , on, 
are given in table 1 with errors that include the statistical 
and correction errors. The inelastic one-prong cross section, 
presented in table 1, was corrected for the scanning losses. 
About 500 events had secondary interactions on the possible 
antiproton spectator track close to the primary vertex. These 
events were assigned to an uncountable category and were ex
cluded from the data in table 1. Some other correcti ons were 
also made , for example, -1\ of even prong np events were 
shifted to the next higher class of topology. Obvious Dalitz 
pairs were eliminated at the scanning level. 

In .!!.i:..!. we compare our iip topological cross sections, o , 
with the available pn data in an incident momentum region o~ 
5- 15 GeV /c I &/ . One can see from this figure that these o A ar~ 
in reasonable agreement with the pn data. Figure 2 presents 
on as a function of multiplicity n • For comparison the to~
logical cross sections from pn interactions at 5.55 GeV/c l 1 

are shown. The pn data weakly differ from the hand-drawn cur
ve connecting our points. It should be noted that the pn 
cross sections at 5. 55 GeV /c are normalized to o 

14
, (pn) = 

.. 55+ 3 mb 141 • 

Table 2 gives the average charged multiplicity <n>,, the 

dispersion D = [ <n ll> - <n > 2 ] ~ , the ratio <n> / D, the hig

her multiplicity normalized momenta C q .. <n q>/<n> q ( 11 ""' 
= 2, 3, 4) and the Mueller correlation parameter r; '" 
= <n/ 2(n / 2-1) > - <n/ 2>11 for inelastic events. In !..!.9..:.1. we 
compare our value for <n> with the average multiplicities for 
pn , PP and pp interactions at different inc ident beam mo
menta Plab • 

The dispersion D determined in this experiment, plotted 
as a function of <n> , is compared with the pn and pp data 
in ~· We observe that for a given <n> the d i spersion o f 
the iip charged multiplic ity is c lose t o the pp one. 

The ratios <n>/D a!!d C q = <nq >/ <n > q ( q = 2 , 3, 4 ) 
are compared with the pn dat a at different P lab in fig . S(a,b). 
One can see from this plot that t he values of Cq and <n>/D 
depend on Plab only weakly as expected if the data obe y the 
early KNO scaling / 6/ . In f a c t, plotting <n>on / o

10 
vers~s 

n / <n > in fig . 6, we can see a concentration o f our and pn po
i nt s around the universal KNO c urves . Note that t he deviation 
o f high multiplicity pn points from the f itted pp 111 and pp 181 

curves can be explained as a consequence o f the empirical 
Wroblewski-Malhotra rule / 9, 10/ . 
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Table 1 

Number of events and topological cross sections for the 
np -reaction at 6 GeV/c. 

Multiplicity 

inelastic 

3 

5 

7 

9 

11 

Total 

Total inelastic 

Number of weighted 
events 

1445 + 5l 

1210 + 41 

640 + 30 

186 + 16 

20 + 6 -
1 + 1 

3502 + 75 

Table 2 

Topological cross 
sections (mb) 

(normalized to 
59 + 3 mb) 

26,61 !:. 1 110 

10,11 !:_2,90 

19,05 !:_1,23 

10,07 !:. 0, 74 

2 , 93 !:. 0,31 

0,32 !:. 0,11 

0,016 !:. 0 ,016 

59,0 .!. 3,0 

42,5 !:. 3 , 8 

Statistical moments for inelastic events calculated from 
the charged multiplic ities obtained in np interactions 
at 6 GeV/c. 

<n> D <n>/ D c2 c a c4 r 2 

3.32 ±0.13 1.79±0.15 1.86 ±0.16 1.29±0.05 1.95±0.19 3.32 ±0.59 -0.36±0.14 

5 



101 • Pn 
• np THIS C1VCifiHCNT 

101 3 .! --- -· - - ---- - t 5.,----.- -------
--·-- - - - - ·---. 7 • ._-

e~c .._ .... -," 

____ .... 

c: -.o 9•r' -_ .. 
~ .. ........ -, 

,.. I 
~ 11!} 15 

10 S 10. P. (G~V !C) 
!AI 

Fig . l . Comparison of the topologi
cal np cross sections at 6 GeV/c 
with available pn ones in an in
cident momen tum region of 5 - 15 
GeV/c as a function of incident 
momentum P 1ab . The dashed lines 
are drawn to guide the eye. 
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Fig . 2. Comparison of 
the np topological 
cr oss sections plot
ted versus mult ipli
city n with the pn 
data at 5.55 GeV/c . 
The dashed line is 
drawn to guide the 
eye. 

Fig . 3 . Average multiplicit y 
for I>P, pp , pn and np in
teractions as a function of 
incident momentum Plab • The 
full curves are drawn to gu
ide the eye . 
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Fig . S. Dependence a) of 
the ratio <n>/0 and b) 
of Cq = <n q>/< n> q on 
incident momentum com
pared with analogous pn 
data . 

Fig.4. Dispersion 0 
of the charged multi
plicity versus its 
average <n> for our 
resu 1 ts and pn and pp 
interactions . The 
straight line is ob
tained by fitting the 
liP data in t he <n> > 
> 3 . 5 region. 
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Fig . 6. Scaling quantity 
<n>o /u 1 ver~us n/ <n > n n • . 
for the iip data .l.n th1.s 
experiment compared to 
other pn data . T;,e cur
ves are the fit of 
Slattery 171 to pp data 
(full line) and of Dao 
et al. 18 1 to pp data 
(dashed 1 ine). 
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