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INVESTIGATION OF CORRELATIONS OF GENERATED NUCLEAR
ACTIVE PARTICLES IN pp- EVENTS ENRICHED BY ANNIHILATION

AT MOMENTA 22.4 GeV/c AND 32 GeV/c

Abstract. Extraction of Pp - events, enriched by annihilation, allowed to carry out the analysis of
multiparticle correlations for the generated particles. The correlation function R, (G) is characterizing the ratio of
experimental differential distribution of quasi-rapidity  intervals to differential background distribution

F (G
Re(G)= )
¢ (G)
boundary particles in the interval with k - 1 charged particles.

—1, where G =1, —n, - quasi-rapidities intervals, 77, and 77,,, - quasi-rapidity values for

The analysis of R, dependence on G was carried out on events enriched by annihilation and non —
annihilation pp - interactions at momenta 22,4 GeV /c and 32 GeV / ¢, and also inelastic pp - collisions at
momentum 69 GeV/c.

In interactions with “annihilation” more weak correlation of charged particles is observed, than in non-
annihilation pp - interactions. In proton — proton and non - annihilation antiproton — proton collisions similarity of

correlation functions is observed.
Key words: annihilation, proton, antiproton, interaction, reaction, interval, correlation.

I. Introduction

The multiple production of hadrons in the interactions of elementary particles, in accordance with
modern views, are results from hadronization of quarks and gluons [1-4], which are the parts of the
interacting particles.

Investigation of secondary charged particles correlation in the multiple production processes at high
energies gives the possibility to understand the internal dynamics of the studied processes. Just for this
reason it is interesting to study particle correlations and to search non-statistical fluctuation effects in the
processes of multiple hadron production.

It is known that antiproton — proton interactions include inelastic collisions with nucleons in final
state (i.e. the baryon number conserves), and also annihilation events where the baryon number does not
conserve. Information on events of antiproton — proton annihilation can be received by an exception of the
inelastic non annihilation pp - interactions from all data set.

Usually information about pp - annihilation at sufficiently high energy (£, >10 GeV) has been

obtained by indirect methods [5-8]. In this regard the technique was developed [9] for division of
“annihilation” proton - antiproton pair and non - annihilation processes in pp - interactions.

Distinguishing by inverted commas of pp - annihilation word everywhere in article authors mean the
set of pp - events enriched by annihilation.
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Experimental material on pp - interactions has been obtained using 2 metre hydrogen bubble
chamber (HBC) «Ludmila» [10] (22.4 GeV/c) and HBC «Mirabelle» [11] (32 GeV/c), and on pp -

inelastic event - HBC «Mirabelle» [12] (69 GeV/c). The bubble chambers were exposed at Serpukhov
accelerator.

2. The procedure of extraction of pp - “annihilation” events at 32 GeV / c.

Extraction of antiproton — proton “annihilation” events was carried out in two stages.

At the first stage events with identified proton or an antiproton were excluded. The interactions,
remained after procedure of exclusion of events with protons and antiprotons, can be divided into three
groups:

(I) - the group of annihilation reactions, in which neutrons (antineutrons) are absent in the final state
Dp = k(77 )x", where k is the integer; x°- neutral system;

(1) - the group of non-annihilation reactions, containing neutrons (n) and antineutrons (7) in the
final state pp — k(77 )nix" ;

(IIT) - the group with non-identified protons and antiprotons among charged particles.

At the second stage in mentioned three groups the values of missing masses were calculated on the
charged particles

M, =[(Ey =2 E)" = (R -2 P)]"” (1)

Corresponding distributions are shown in Fig. 1.
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a) 2-prongs; b) 4-prongs; c) 6-prongs; d) 8-prongs; e) 10-prongs; f) summary distribution.

Figure 1 - Distributions on M. Unshaded histograms — distributions on M . The shaded histograms — distributions on the

miss.

effective mass M ( pﬁ) , which have to be similar to missing mass of neutron — antineutron pair
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During separation on M it was considered, that presence of a neutron and an antineutron among

secondary particles should sharply increase the value of missing mass. For each multiplicity selection of
antiproton-proton interactions, classified as annihilation events, began with events having smaller missing
masses and stopped, when the total number of selected events corresponded to evaluate antiproton-proton

“annihilation” cross-section [11,13]. Chosen boundary values of M . are shown by arrow in Fig. 1.

The final distribution of all antiproton-proton interactions on different channels at 32 GeV/c is given
in Table 1.

Table 1 - Distribution of number of events on channels of reaction and boundary values of M miss. (0 GEV/C).
Multiplicities
Reaction 2 4 6 8 10 >12 All
mult..

1 - -~ . 1 — 0 8553 | 15080 | 6781 | 3291 | 927 | 150 | 34782
M pp —> ppk(z" 7 )x

2) ﬁp N piZ'ik(IZjﬂ'f);lixo 9087 11369 7303 2001 386 63 30209
3) pp > ﬁﬁ+k(7z+7r_)nx0

4 ijp N k(7Z+7Z'7)nl7x0 8891 18054 | 19504 | 8555 1809 0 56813

®) op = k(z" 77 )x°

9335 11914 | 7354 1973 281 53 30910

6616 9140 14134 | 10266 | 5251 | 1969 | 47376

Total 42482 | 65557 | 55076 | 26086 | 8654 | 2235 | 200090
M 6,5 4,4 3,4 3,0 3,0 3,0 -

miss. (boundary values)

To confirm the correctness of the described approach for separation of “annihilation” interactions with
small missing masses, the effective mass distributions M ( pp) (shaded histograms in Fig.1) in events with
protons and antiprotons (reaction 1) were compared with missing mass distributions (unshaded
histograms in Fig.1), assuming that possible contribution of neutron-antineutron pairs is imitated by
distribution of effective masses for proton-antiproton pairs.

It can be seen from Fig. 1 that in six-, eight-, and ten-prong events the admixture of non-annihilation
processes into reactions corresponding to “annihilation”, is practically absent. This admixture equals to
about 40% for 2-prong events, < 3% for 4 - prong events and ~ 12% for the total distribution.

3. Comparison of correlations in antiproton-proton “annihilation” events with corresponding data
for inelastic pp - and non-annihilation pp - interactions.

Separation of the events corresponding to antiproton-proton annihilation gives the possibility to carry
out the analysis of multiparticle correlations for generated particles and to compare them with
corresponding data for inelastic pp and non-annihilation pp interactions.

The correlation function [14, 15]

F.(G)
FL(G)

where G =1,,, —1, - the interval of quasirapidities; 77, and 77,,, - quasirapidities of boundary particles

R (G) = L, @

of the interval with (k - 1) charged particles inside it; F,(G) - measured differential distribution;

F, k¢ (G) - expected differential distribution in the absence of correlations (background distribution).

The statistical error in finding of R, (G) is calculated according to formulae

F(G),, , I (O)

R, (G) = (R, (G)+1),/(— G) F9G)

). 3)
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In Fig. 2 the results of R, dependence on G for inclusive analysis of non-annihilation pp -

interactions at momenta of primary antiprotons 22.4 GeV/c (Fig.2a), 32 GeV/c (Fig.2b) and for inelastic
pp —interactions at momentum 69 GeV/c (Fig.2c) for k = (2 + 5) are presented.

It is visible, that in the region of small rapidity intervals (0 + G, ) and in the region of large rapidity
intervals (G > G, ) positive correlation Rg (G) > 0 is observed, and in the region of (G, > G > G,) the
value of Rk (G) becomes negative for all considered values k=(2+5). Here G, - the left point of function

Rk (G) crossing with axis G; G, — the right point of function Rg (G) crossing with axis G.
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Figure 2.Rg dependence on G in non-annihilation channels
{ Pp at22.4 GeV/c—a); pp at 32 GeV/c —b)} and in pp at 69 GeV/c —c).

In Table 2 the values of G, and G, and also the maximal value of R (G) inside region 0<G<G; are

given. The quantities G; and G, displace towards the larger values with increasing of primary particle
energy (at the fixed value k). At the same time the mean quantity (AG) =(G, —G,) atk = (2 + 5)
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remains approximately the same in non-annihilation pp - interactions at 22.4 GeV/c, 32 GeV/c and in

inelastic pp - collisions at 69 GeV/c and equals correspondingly to (AG)= 1.8; (AG) =2.0; (AG)
=2.2.

Table 2 - Values Gy, G, u Ry, for non-annihilation interactions
(in brackets corresponding values for “annihilation” are resulted)

pp 32 GeV/e pp 69 GeV/c

K G 1 G2 Rmax G 1 GZ Rmax G 1 GZ Rmax

2 0.4 22 0.06+0.02 0.6 2.6 0.07+0.01 0.8 3.0 0.13+0.03
(0.2) (1.2) (0.01£0.02} 0.2) (1.4) (0.02+0.02)

3 0.6 32 0.12+0.07 0.8 3.4 0.20+0.03 1.0 3.2 0.32+0.08
(0.6) (1.6) (0.00+0.02) (0.4) (1.8) (0.10+0.03)

4 1.0 2.6 0.21+0.08 1.0 2.8 0.34+0.09 1.2 3.4 0.65+0.30
(0.6) (2.0) (0.02+0.04) 0.4) (2.0) (0.35+0.10)

5 1.4 3.0 0.3140.19 1.2 32 0.29+0.08 1.2 3.6 0.630.30
(0.8) (2.0) (0.00+0.01) (0.6) (24) (0.40+0.25)

In Fig.3 the results obtained for dependence Rk on G at the analysis of reactions of antiproton-proton
“annihilation” for k=(2+5) at momenta 22.4 GeV/c (Fig 3a) and 32 GeV/c (Fig.3b) are presented.
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Figure 3 - Rg dependence on G:
a) ﬁp -“annihilation” at 22.4 GeV/c; b) ]N?p - “annihilation” at 32 GeV/c.

From comparison of Figures 2 and 3, and also the data in Table 2 can be seen that in non-annihilation
pp - interactions the correlation is more noticeable, in comparison with “annihilation” events, the

correlation of particles from non — annihilation events and qualitatively coinciding with correlation of
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particles in inelastic pp - interactions at 69 GeV/c.

The effect observed could probably be explained by the assumption that the mechanism of meson
production goes mainly via intermediate creation of nucleon isobars, which contributes both to non-
annihilation channel of pp - collisions and to the inelastic pp - interactions.

In antiproton-proton “annihilation” events at 32 GeV/c the positive values of Rg(G) in the region of
small G at k=(3+5) are observed (Fig.3b), whereas at antiproton — proton interactions at momentum 22.4
GeV/c (Fig.3a) such correlation is absent.

In Fig.4 the dependence of Rx on G is presented for each multiplicity at antiproton-proton
“annihilation” at momentum 32 GeV/c with the purpose to find out the connection of observed
correlations with multiplicity. In the region of small values G (G <G;) correlation of particles is not
observed for multiplicities 4 and 6 (the figures are not shown), but it is appreciable (Rx(G)> 0) for 8-
prongs events at k =3 (Fig.4a) and is absent for the same 8-prongs interactions at k=4 and k=5. For events

with multiplicities 10 (Fig.4b) and 2 12 (Fig.4c) the positive values of Rg(G) are observed at k=3,4,5.
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Figure 4 - R dependence on G for }N?p -annihilation at 32 GeV/c:
a) 8-prongs; b) 10-prongs; c) 2 12-prongs

Thus, observed correlations of particles in inclusive channel of antiproton-proton “annihilation” are
seen in interactions with multiplicities 8 and more. From here it is possible to make the conclusion that at
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momentum 32 GeV/c there is a new reaction channel with creation of meson resonances decaying onto 4
and more charged particles.

Summing up the results, we note the following.

In processes of anti-proton — proton “annihilation” at momentum 32 GeV /c the new reaction channel
appears with formation of the meson resonances, decaying up to four and more charged particles.

In interactions of antiproton — proton “annihilation” the observed correlation of charged particles is
more weak, than in non-annihilation interactions.

In proton — proton and non-annihilation antiproton — proton collisions similarity of correlation
functions is observed.

The authors are sincerely grateful to participants of international collaborations «Ludmila» and
«Mirabelle» for fruitful joint work in obtaining primary experimental data.

Bb.0. Kayreixos, M. U36acapos, H.C. Ilokposcknuii, B.B. Camoiisios, , P.A. Typcynos

CorbaeB YHuuBepcureti, Ou3nka-TeXHUKAIBIK HHCTUTYThI, Anmatsl, Kasakcran

22,4 I'3B/c ’KOHE 32 I'B/c UMITYJIbCTA AHHUTWISIIUSIMEH BAUBITBLIIFAH pp-
OCEPJIECYJEI'T AAPO-BEJICEH/AI BOJIIEKTEPAIH KOPPEJIALUACHIH 3EPTTEY

AHHoOTANMs. AHHUTHIALMAMEH OaWBITBUIFAH PP - ocepiecyll aHbIKTay OHAIpPUIreH OeIiexTep YILiH

KOnOeNeKTi Koppe/nsuus TaljayblH OKyprisyre Mymkismik Gepai. Koppemwsmsueik R, (G)  dyskumsicst
KBa3KbUIIaM HHTEPBAJIBIH TOKIPUOCTIK TapanyblHbIH Au((epeHIInAIIBIK R (G)= L(G)_l asIBIK Tapallyra
FY(G)

KAThIHACKIH cUMaTTaiinpl, mynparel G = M;+x — ¥, KBa3IKBULTAMIBIK MHTEPBANBL, l #; M #;+; MOHmepi k — 1
OeJIIeKTep MHTEPBAIBIHAAFHI IIEKTIK OOIICKTEP YIIiH KBa3MKBUIIAM/IBIK MOHI.

R x OyHKIMACHIHBIH G TOyeni Taniaybl aHHUIHIIALUAMEH OalbITEIIFaH OpTa/la KOHEe aHHUTMIIALUANIaHOaraH
PP -ocepnecyne 22,4 ThB/c xome 32 I'B/c mmmynbera, compaif-ak, 69 I'aB/c mMmymecta ceprimcis pp -
acepIecy e Xypri3inmi.

AHHUTHIANUSUTAHOAFaH pp-dcepiiecyieri Koppenamisara KapaFaHua «aHHUTWILIMSIIBED) dcepiecyne Oiprrama
anci3  koppemsiius  Gakanasl. [IpOTOH-POTOHABIK — JKOHE AHHUTWIALMIIAHOAFaH  AHTUIPOTOH-TIPOTOHIIBIK

COKTBIFBICYJIap/ia KOPPEALIILIK (GYHKIMIIAPIbIH YKCACTHIFE! OaliKaI bl
Tyiiin ce3aep: aHHUTWIALUS, IPOTOH, aHTUIIPOTOH, ACEPJIECY, PEAKIIHS, HHTEPBall, KOPPEIALUS.

Bb.0.Kayreixkos, M.U306acapos, H.C.Ilokposcknii, B.B.Camoiisios, , P.A.Typcynos

CorbaeB YHauBepcureTi, OHU3NKO-TEXHHUUYCSCKHI HHCTUTYT, AnMarthl, Kazaxcran

UCCJIEJOBAHUE KOPPEJISILIUIA SIIEPHO-AKTUBHbBIX YACTHIL B 5p -B3BAUMOJIENCTBUSIX,
OBOTALEHHBIX AHHUTWISINUEN ITPU UMITYJIbCE 22,4 T3B/c u 32 TB/e

AHHOTaIIHH. BLIJIGJ'IGHI/IG pp -B3aHMO)IeﬁCTBHﬁ, O6OFaHIeHHI>IX aHHHFHJ’IHHHeﬁ, IMMO3BOJIMJIO TTPOBECTU aHAJIN3

MHOTOYAaCTHYHBIX KOPpeNsuuii 1iisi TeHepupoBatHbix dactuil. Koppemsuuonnas ¢pyuxuus R, (G) xapaxrepusyer

OTHOHUICHUEC JSKCICPUMCEHTAJIBHOIO paclpeacICHUsA KBaSI/I6I)ICTpOTHI)IX HUHTEPBAJIOB K )II/I(l)(l)epeHHI/IaHBHOMy

(hOoHOBOMY pacHpeAeNeHUI0 R (G)= L@_l ,tne G =19, —1, KBa3UOBICTPOTHBI MHTEPBANL, & 7; U 1k
F¢(G)

3HA4YCHUA KBa3I/I6BICTpOT JUIA TPAHUYHBIX YaCTHUIl B UHTEPBAJIC C k-1 ‘laCTI/II_[efl.

Amnanmuz (byHKHI/II/I RK B 3aBuUcHMOCTH OT G MpOBOAWJICA Ha O601"aHIeHHBIX AHHUTWIANHEH U He

AHHUTWIALMOHHBIX PP - B3aMMOACHCTBHAX IpH umityibee 22,4 I3B/c u 32 I'3B/c, a Takxke Ha Heynpyrux pp -
B3aMMOJICHCTBHAX MPpH uMmyibce 69 ['B/c.

Bo B3amMmopmeiicTBuAX ¢ ‘“aHHUTWIANNEH” HaOmomaercs Oonee crmabdas KOppesmus 1O CPaBHEHUIO C
Koppelsiiuell B HEaHHWTWILHMOHHBIX PpP-B3aUMOJCHCTBUAX. B IPOTOH-IPOTOHHBIX W HEAHHHTWIIALIMOHHBIX
149
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AHTHIIPOTOH-TIPOTOHHBIX CTOJIKHOBEHHSX HAOIOIAETCS CXOJCTBO KOPPEISIIIMOHHBIX (DYHKITHI.

KiroueBble ci10Ba: aHHUTWIIALNSA, TPOTOH, AaHTUIPOTOH, B3aUMOJIEUCTBUE, PEAKLIMSI, UHTEPBAJ, KOPPEJALUS.
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