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THE MULTIPLICITY AND THE SPECTRA OF SECONDARIES
CORRELATED WITH THE LEADING PARTICLE ENERGY

Neho.Kruglov, A.S.Proskuryakov,
L.I.Sarycheva and L.N.Smirnova

Institute of Nuclear Physics, Moscow State University,
Moscow 119899, USSR

Abstract. The spectra of leading particles of different na-
Yure in pp-collisions at E, = 3% GeV are obtained. The mul~
tiplicities and the spectra of secondaries % 77, £* -me~-
sons, J-quanta, A and A -hyperons and protons for different
leading particle energy ranges are determined.

The interactions in which the leading particle conser-
ves a great fraction of the initial energy are essential
for the development of nuclear cascades in the atmosphere.
The leading particles form a deeply propagating part of the
cosmic rays. The accompaniment of these particles is deter—
mined by the peculiarities of the lowinelasticity interac-~
tions. Besides, the events with a leading particle are re-
liably identified in the cosmic~ray detectors.

The main information on the multiple production of par-
ticles obtained from sccelerators, is averaged over all ty-
pes of events. This paper reports the multiplicities of ort,
=, ¥, K*, A and A -particles, the partial coefficients of
inelasticity and the spectrs of particles in pP-interacti~-
ons at Eg = 33 GeV in the lab.system that are correlated
with the origin and energy of the leading particle.

The experimental conditions

The experimental material consists of 200 thousands of
inelastic interactions of antiprotons with the momentum
32 GeV/c observed in the liquid hydrogen Mirabelle bubble
chamber. The large dimensions of the chamber provided high
detection efficiency of photons, K’-mesons and A/A ~hy-
perons. Ve use the events where all charged tracks are mea—-
sured.

For the particles with the momentum pjgp < I.2 GeV/c
the protons were discriminated from the o+ -mesons by com-
varing track ionization. Neutrons and antineutrons are the
only unobservable species in the chamber. Their mean cha-
racteristics are restored proceeding from the condition of
energy balance /I/. In the present paper all inelastic in-
teractions are analyzed in the system of an incident anti-
proton which will be mark in following as lab-system. This
choice of system enabled us to establish the nature of a
leading particle with the fraction of initial energy

Classification of events

The particle carrying away the maximuu, as compared
with other particles, fraction of energy in the lab.system
in an event is assumed to be the leading particle. When
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the total energy of unobservable neutral particles exceeds
the energy of the leading particle, a neutral system A? is
regarded to be the leader. Table I presents the cross sec—
tions of the events with the leading particle of different
nature in different ranges of % jggq-

Table 1
The cross sections oi‘é‘ theépicked out classes of interactions
, 7
leader leading energy ranges % lead
004 hand 006 OQ6 bt 008 .008 -— Ioo
P, 2.83 £ 0,03 | 3.43 I 0.03 3055 T 0.I5
e I.23 L 0.02 0,23 = 0.0I 0.0I5 T 0.002
A 10,591 0,01 | 0.0847% 0,005 | 0,007 T 0.002
A .46 £ 0,04 6.78 t 0.03 4,49 * 0,03
1 0.35 £ 0,04 0424 1— 0.0% 0.07 5 0.02
7, 0.I5 % 0,09 0.0I7 ¥ 0.0I5 0,004 ¥ 0,004
Ks 0.09 £ 0,02 0.007 * 0,005 -

8Ly (32%%)- 45.6 £ 0.3 mB, BT = 37.2 £ 0.5mé, G =

rronann=
= 30.7 £ 0.5 m& /2/. _

The events with the leader p , I*, 7™ and W 1egd 2 O.4
make up I2 mb, i.e. (32 * 0.4)% of the inelastic pp-cross
section. The events with the leaders A , )’,/i"' (= K° + K9
at W 1gnq = Oes with the cross section I.04 = O.II mb are
observed.

The total energy of the particles attending the charged
and neutral leader is presented in unites of % =£E,;/Eo in
fig.I. It is seen that the taking account of<% jgzq>in the
events with the charged leader permitted the compfete re—
covery of the interaction energy. The measured fraction of
energy of the attending particles in the events with the
leader A® is higher as cowmpared with the events with the
P and 7¥-leader. In this case according to the selection
criteria a fraction of energy of the neutral leader A° is
carried by photons and the mean value of this energy is me-—
asured in the chamber for each group of events. The unobser-

vable energy is carried away by an outgoing neutron. The
mean fraction of this energy is indicated in fig.I. Conse-
quently, the class of events with the leader 4° contains
mainly the events with a leading neutron. The groups with
#1ead ( #°) & 0.6 correspond to the events with 2 1ggq(/2)
2 O.4, since the mean value 0f ely in these events 1s £ 0.2.
The events with the leader X% and jg,9 & 0.6 are conside-
red in what follows as two groups of events with a leading
neutron: < ¥j1gq > = 0,78 £ 0.01  and 0.50 * 0.04_ . The
cross sections of the events with a leading proton and neu-
tron with 2 jegd = O.4 are actually the same. This means
that the leader in (68.8 L 0,5)% of the nonannihilation
pp-interactions is a nucleon with 2€jgap3 >0e4.

In fig.I there is no evidence for a fast neutron in the
events with the sr¥-leader and we therefore conclude that
these events are mainly due to the pP-annihilation. The

cross sections of the events are in accord witi this con-
clusion.
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BExperimental Results

The spectrum of leading protons is uniform within ¢4
= 0.5 + 0.9 /2/. The spectra of leading Z* and K™ -mesons
with % 1¢ad > 0.5 decrease with incregsing % j1gg3 a&nd are
described by the function Agxp (-B u% nss wi%h the parame-
ters Ba+ = I2.4 = 0.9 and Bax~-= I2.6 f. 8.4. To the spectrunm
of leading A with Y 31ead 2 0.5 there corresponds the para-
meter BA = BOI + 0050

The total multiplicity of tThe particles attending the
leading p, n, 7*, =, A is shown in fig.2a. The right sca-
le shows the ratio of the observed multiplicity to the es-
timated total multiplicity <Ry =- 12 for pp-interac-
tions at 32 GeV/c /3/. It is seen that at % l1egd close to
0.5 the multiplici¥y reaches the mean value.
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Fig.I. A fraction of Fig.2. Total multiplicity (&) and mul-
. the measured energy tiplicity of the attending particles
in the events with of species ¢ (b) for different lea~-
different leaders ders

Phe multiplicity of ¢ and A" -mesons and photons at-
tendi the léading nucleon is shown in fig.2b. The total
multiplicity of»?¢ -mesons is similar in the events with a
leading proton and “neutron". The value of </,> proves
to be higher for a leading "neutron" which can be connected
with the identification procedure used.

The mean fraction of energy carried away by the attend-
ing o+ , 7, K*, ¥ is shown in fig.5. The mean fraction of
energy per ¥* and ) is the same whether the leader is a
proton or a "neutron". The total fraction of energy carried
away by these particles is plotted in fig.4 versus jead
of a proton and "neutron". ‘

The spectra of the attending particles are rather com-
plex and concentrated in the region of low ¥ for high Ujgan4.
The parameters of the function describing these spectra are
listed in table 2.

In the events with a leading proton a greaf, fraction of
the "invisible" energy carried away by the photons. In this
case S Eyx BEy-ZEg -3 Exg,ax and the spectrum of photons
can be obtained from the variable Uy = E /Z By used in the
cosmic rays. The spectra d&/dUy are prestnted in fig. 5
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Por the events with a leading proton at aiead:’o‘s and
ule&d = 004 - 008-

Table 2

Parametrization of the spectra of the particles attending
the leading protons and "Heutrons" by the function # =
zwvex7>ﬁ-8f26-'52272j

Type oI a '
leader| 31 cad|secondary N BI B2
particles
0.4-0.6 Y It |-1.00%0.01 |-5.5 £0.3 | 22.6%0.6
‘N -I.6I$o.ox -7.512;-0.07 24.63:-0.5
¥ 0.027£0,014| 34,3 22,6 | -9.0f1%.6
y-) 0.6-0.8 ar¥ ~I.5170.06 [-II.07I.3 4T T2
= ~I,85-0.0I ~7+9170.08 3205704
4 0.027L0,0T4f 44.I =2,% |-28 =10
0.8"'100 7’+ "OQZIEOOOI 51.0% 09 -1506}:‘5.4
g "'2.62;0.01 IO.S ;002 -607;104
Y ~I1.I5%0,05 {3245 £I.8 | 58.3%6,3
0.6=0.8 ’ =1.2570.02 [~I&,970.5 | 55487047
e |qu3=0,50 = ~1.2020.05 |=2,3 TI.I | 59.8%2.3
H200d| ¥ w2 450,02 | =20,25I.3 | 83.4=8e4
(n") 048=I,0 N aa ~2.6650,0L | 64.070.1 |287,420.9
” 2, 9=0.78 | T~ -1.98%0,0I |-20.ITI.0 | I79 +7.8
S ro0ll ¥ —2,3 10,1 |~I7.274,% | 83.478.4
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