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COBITHE ABYXCTPYHHOR T'EHEPAUMK YACTHL,OBHAPYXEHHOE
B AIEPHOR QOTOSMYIABCHH.

B AzepHo#f PoTOaMyABCHH, OOAyYeHHO# Ha YCKODNTONAE HNPOTCHA-
un 200 I'ap, ofSuapyxeHo B3aHMoZeiicrBue TAma (2+0+2I)p ¢ RBHO

* BHpaxXeHHHM XABYXCTDYHHHM DOXAICHKOM POJATHBMCTCKEX yactuay. Pac-
CMaTPHBANTCS PAsSAMYHHO MHTEpPNpeTAUMM STOrO colurHa. Muxpoporo-
rpadua colurTHs, No Bcell BOPOATEOCTH, HATAAAHO XEMORCTpUpYe?

caeAcTBHe "xeCcTKOro" aApoH-~-amPOHHOrO CTONKROBOHHA, KOIZA B3au-
MOAG#CTBYDT KBApDK# CTANKMBADHMXCH aAPOHOB, YTO BeneT, B yacT-

HOCT™M K O0pasaoBauun crpy® (¥3 6 4YacTHm) nox GOZbARM .yTAOM OT~
HOCHTENBHO HANpaBNOHUS ABMXGHMA NOPBAYHON, C CYMMADHHM RONEpeY~
Hu uMmyascom 7~ 3 TI'as/c.

EpenaHcKkait dyswueckuit MHCTHTY?T
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. AN EVENT OF TWO~-JET PRODUCTION OF
PARTICLES OBSERVED IN NUCLEAR
PHOTOEMULS ION

A (2 + 0 + 21)ptype interaction with evidently expressed
two~Jjet production of relativistic particles is observed in
| nuclear photoemulsion exposed to 200 GeV proton beam, Various
interpretations of this event are considered. The event mizro-
photography shows clearly the consequences of a hard hadron -
hadron collision when the interaction between the quarks of col-
1iding hadrons resulted in a jet (6-particle) production under
large angle with respect to the primary particle direction

with a total transverse momentum a3 GeV/c,
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Recently there is a great interest to the multiple particle
production processes in high energy hadron collisions with nué-
lei. The experimental results on the general characteristics
of proton-nucleus interaction obtained with-the help of nuclear
emulsion exposed to 200 GeV protons at Fermilab as well as their
somparison with various theoretical models cre given in the
works [ﬁ - Z].

A part of the nuclear emulsion stack exposed to 200 GeV

protons has been kindly given to us by the Alma-Ata-Leningrad-
Moscow-Tashkent (AALMT) collaboration.

Among a great number of nuclear interactions observed by
us following along the tracks of beam particles a (2+0+21) type
event with clearly expressed two-jet prodvction bt particles
has attracted our attention. The microphotography of the svent
is given in Pig.1. Since the presence of a jet under a large
photography is takgn focusing the particle tracks of this cene,.
In thin sideral jet under a mean angle ~7° with respect to
the primary ﬁarticle thero are six (NN12 = 17, msee the Table)

particles. In the certral Jet which is much nearer to the
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primary direction there are 12 (NN1 ¢ 11,20) particles. The
most striking feature of the event is the large space between
the jets.

The ahgular distfibution of the charged particles presen-

ted in the form of azimuthal-rapidity plot is shown in Fig.2.

"Such a8 form of presentation of the data seems to be suitable

since it gives a possibility o characterize more completely
the angular distribution of the secondary particles in indivi-
dual interactions and demonstrate the observed azimuthal angle
and quasirapidity grouping of particles. The values of the
quasirapidity 3: &7@9/9_ are given by the magnitudes of
the radiuns., As it is seen from Pig.2 the sideral Jet particles
again show a grouping as in the case of the microphotography
while the centrsl jet particles are distributed in a wide in-
terval of azimuthal angles in a semisphere cpposite to the
one containing the sideral jet. It is worthy to note among
them the presence of a narrow pair of hadron2 (particles 8 and
9) around which egain some particles are grouped.

Naturally, it was of interest to study this interaction
as much as poagible in order to make clear sare there other
characteristic features allowing to obtain additional infor-
mation on the process resulting in such an angular distribution
of particles. Besides the angular measurements we have
a) examined all the particle tracks up to the interaction point
or the stack boundary, b) estimated the momenta of secondary
particles using the muyltiple scattering measurements, c) mea-

sured the relative ionization of the particles the momenta

dpm




of which allowed to identify heavier particles among pions,

d) examined the regions of the both jets and the space between
them up to distances 3 c¢m from the interaction point looking
for eiectron—positron pairs. Let s note that only two pairs
have been revealed in the region of the centralfjet.

The charcteristics of the charged secondary particles are
given in the Table. In: the total 165 cm of secondary tracks
have been examined, three secondary interactions and two events
of large angle scattering (breaks) have been found. The average
transverse momentum has appeared to be equal to (365%16)1eV/c
according to all meashrements excluding the particle W6 having
a transverse momentum > 1.5 GeV/c.

As the analysis carried out by us shows it is difficult
to explain the observed jet of six particles having very close
polar and azimuthal localization and produced under such lerge
angle with respect to the primary particle direction by angular
distribution fluctuation. About 800 events with /% > T have
been examined in order to find out grouping with particle num-
ber 72 >3 at polar angles 9 5° and azimuthal angle inter-
val A‘é < 30° g8 in the case of the obs-rved event. Six events
have been found in which three pariicles in each event satis-
fied to the above mentioned ccnditions. Assuming that in the
event under consideration it is also produced a three particle
localized group while the remained three particles occaszianally

appear in the same angular interval for an isotropic azimuthal

angle distribution one obtains an upper limit for such a
probability 1072,
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One cannot explain the production of the sideral jet by a
secondary interaction inside the target-nucleus for the fol -
lowing reasons. Firstly, the interaction has taken place in a
light nucleus slightly exciting it, secondly, the measured and
calculated momenta of the particles of the siderai Jet differ
each from other by an order. The calculated momenta have been
cbtained assuring that all the six particles of the sideral jet
are produced in a secondary interaction and the commonly accep-
ted mean secondary particle traneverse momentum equael to 350
MeV/c, In these assumptions for the transverse momentum of
the particle giving the secondary interaction inside the tar-
get-nucleus we have obtained a value > 20 GeV/c. According

to the experimental data the particle producing the sideral

Jet should have a transversal momentum >» 1.5GeV/c. In both

cases e sign of inequality is conditioned by the absence of
experimental data on the contribution of neutral particles,

In order to explain the observed charged particle angular
correlation one must,most probably,take into account the expe-
rimental fact that in the interaction there is a particle with
large transversal momentum (particle N.6). Naturally in such
interactions the remained particles must be produced with such
parameters which provide the mbmentum balance of all the event.
As the results of the work fe,q]show in the average the compen-
sation 1s provided not by a single particle having a large and
opposite transverse momentum but by a group particles. The ex-
perimental data showing that the number of the particles emitted
into the azimuithal hemisphere opposite to the detected particle
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‘with large transverse momentum increases is in favour of such

a fact. The observed event is a result of such &n interaction.
It is of interest to note that in our case ithe large trans -
verse momentum is compensated not by a grour of charged par -
ticles but by two groupsthe particles of one group (sideral
jet) being localized in a small rapidity and azimuthal angle
intervals.

Let us note that the total missing transverse momentum
of charged particles is ~1 GeV/c and it iy directed toward
the sidersl jet. Most probahly this fact shows a surplus of
neutral particles in this region and allows to increase the
lower limit of the total transverse momentum of the sideral
jet up to the value 2.7 GeV/c which in its turn shows that
nore tham 10% of the incident proton momentuw is transferred
to this jet. '

The study of the characteristics of the interactiomns with
secondary particles having iarge transverse momenta is of great
interest,However, due to the small cross section for the produc
tion of such part?cles (though at '2 >5 GeV/c it is some or-
der larger than one expects from the exstrapolation of the ex~
perimental data at small ]3 ) the study of the characteristics
of th2 appropriate interactions is hardly realizable by the
nuclear emulsion method. The possibility to separate visuslly
the events by the prezunce of particle grouping, in particular,
under large angles makes much easier this problem, In this
connection let us note that the experimental data obvained

studying tne interaction of 200 GeV protons with beryllium
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miclei [ﬁo] show & large prodnction cross section for jets with
large transverse momentum compared with the production cross
section of single particles with the same f% . This is in
agreement with the theoretical prodictions of the models E1-1ﬂ
in which the hadrons as well as the jets with large transverse
momenta are produced in an elementary act of hard collision of
quarks of interacting hadrons with subsequent "cascading" of
quarks into hadrons.

For the average value of the transverse momentum cof the
particles of the jet with large transverse momentum (with res-
pect to their center of gravity) we have obtained about T70ieV/c.

‘fhe authors are very grateful to the Nuclear Physics Sec-
tion of Academy of Science of USSR, to the management and col-
laborator of FNAL for the support during the experiment, to

AALET collaboration for the assignment of a part of the irradia-
ted emulsion stack to us, They also thank A.P.Garyaka,
S.G.Matinian, M.I.Tretyakova, N.L.Ter-Isaakian for discussion
and Kh,P.Babajan and collaborators of our laboratory for help

during this work,
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Table

P R o>
N. degee degree cg GeV/c YeV/c degree comments

1 0.50 122.64 8.1 35.0%(5.2 350 10.1 inter(11+1+14)p
'2.33  384.91 16.2 10.0%0.8 420%34 45.8
2.70  67.60 10.2 7.5%0.7 350%35 72.9 "break" 1.5°

2,91 316,40 7.2 6.70.7 340%35 56.7

3.00  93.80 13.3 9.4%0.9 492%50 63.6

3.50 287.60 5.1 25 1570 66.0

3.56  35.47 14.1  6.1%0.5 355Z29 65.5

3.70 60.80 12,3 6.9%0.6 327i28 81.1 inter(5+1+2)p
3.75  59.50 13.0 4.7%0.4 306%26 71.6

10 4.16  103.30 7.0 6.1%0.7 445%51 .76.3

11 4,41 91,25 7.5 2,7%0.3 208223 86.9

12 6.20 192.32 10,2 1.6%0.1 174%¥11 15,5

13 6.50 211.20 5.3 3.9%0.3 498%43 102.8

14 17.00 182.10 1.5 1.1%0.2 134%24 132.5 (7+1+0)p
15 7.30 206.90 5.3 3.9%0.4 495%50 108.0

16 7.80 193,00 12,7 1.1%0.1 142%12 133.6

17 8,50 188.90 12,0 3,5%0.4 520%60 116.3

18 10.30 31440 1.8 2.2%0.3 392%54 127.8

W ® N o v & w N

19 18.10  43.00 0.5 - - 153.3 "break" 41°
20 34.42 270.50 0.2 - - 163.8
21 36.15 350.00 1.3 1,3%0.2 5%0%91 164.0

# is the polar angle, Y is the azimuthal angle, £ is
the examined length, p is the particle momentum, }3 is the
transverse momentum , 69* is the ems polar ancle, Comments
deacribe the seéondary processes observed .- «mining the length

of tracks.
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Pigure Captions

#4g.1 Hicrophotography of the event (2 + 0 + 21) p.
¢ig.2 Azimuthal-rapidity plot of the event (2+0+21)p.
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