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Interactions of 60 GeV/c T -mesons with nucleons of the nuclear emulsion have been studied. Average
prong number in T~ -proton collisions is 6.64 + 0,16. The majority of secondary particles are emitted
into the forward hemisphere in the 7~ -proton CM system especially in low-multiplicity events.

This paper describes some general character-
istics of 7~ -proton interactions at 60 GeV/c ob-
tained by the collaboration organized by the Emul-
sion Committe of the Joint Institute for Nuclear
Research. Preliminary results of this work were
reported in ref. 1 and 2. Coherent interactions of
60 GeV/c 7~ -mesons with emulsion nuclei are
described in another paper [3].

Experimental. Several stacks of N.I.I. Khim.

* On leave of absence from the Physical-Technical
Institute, Dushambe, USSR

Foto Br-2 emulsion have been irradiated by
(60 £ 1) GeV/c 7~ -mesons at the Serpukhov ac-
celerator. The admixture of muons and elec-
trons was about 3%, that of kaons less than 1%.
Typical dimensions of a stack were 20 X 10cm?2 x
X 100 x 0.06 cm. A similar irradiation has been
performed at 45 GeV/c, however, the statistic
obtained was much smaller and the correspond-
ing results will be quoted below only for compa-
rison.

Starting close to the entrance of the pion beam
into the emulsion (~1.5 e¢m) an along-the track
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scanning for inelastic interactions has been per-
formed. Of all the events found during the scan-
ning the following have not been used for the cal-
culation of the inelastic-interaction length A;p;:

i) events with a single relativistic track de-
flected by less than 10 mrad (these are mostly
elastic scatters on emulsion nuclei),

ii) knock-on electrons,

iii) electron pairs on beam tracks.

Scanned length, number of events found and
the values of A;n; obtained taking into account the
correction for the beam contamination are shown
in table 1. The errors shown here are statistical
only while the systematic ones have been esti-
mated to be at most of similar magnitude. A com-
parison of our results with Xint =(40.4 + 1.0)cm
obtained at 16 GeV/¢ shows that there is no con-
siderable change of the inelastic pion-nucleon
cross section between 16 and 60 GeV/c.

Interactions with free and quasi-free nucleons
have been selected as those with at most one slow
charged particle appearing as a black or grey
track in the forward laboratory hemisphere and
without a visible recoil nucleus. Number of
events selected according to these criteria are
also shown in table 1. They represent about 19%
of all interactions in the emulsion. For events
with an even prong number n., ("7~ -p") there
was an additional criterion of the absence of an
accompaning electron. Nearly 40% of them cor-
respond to collisions with free protons (i.e. the
nuclei of the emulsion hydrcgen); the remaining
ones are collisions with quasi-free protons of
the emulsion nuclei. Events with an odd prong
number n.p will be called "7~ -n" and correspond
to collisions with quasi-free neutrons with some
admixture of coherent interactions [3]. There-
fore, in this work we shall deal mainly with
"7~ -p" events which represent a more pure sam-
ple of 77 -nucleon interactions than "7~ -n" events.

Table 1
Primary momentum 60 GeV/c 45 GeV/c 25 GeV/c
Traced length (m) 3147 512 -
No of events found 7012 1196 -
A int(cm) 43.7 £0.6 41.3%1.3 -
No of 7~ -nucleon 1332 233 _
events
uncor-
(O rected  0-41%0.12 4.90£0.23 -
for "p™-n"| cor- g .4.0.15 5232027 -
rected
"= - (foh? 6.64+0.16 6.10+0.28 4.87=0.07
(e /o 2.12£0,10 2.20+0.16 2.30%0,09
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Prong number distribution. Our prong-number
distribution for 45 GeV/c¢ and 60 GeV/c is shown
in fig. 1. The prong number distribution obtained
by Elbert et al.[4] at 25 GeV/c is also shown. In
our distribution an overabundance of n ch = 3
events is clearly seen apart from the fairly
smooth distribution peaking at » h = 5 + 6. This
overabundance is interpreted in %erms of the co-
herent interactions imitating "7~ -n" events [3].
The average multiplicities are shown in table 1 for
"= -p" events as well for "7~ -n" events with and
without correction for the coherent events. The
errors given here are purely statistical and the
systematic ones are of similar magnitude. Since

n-nucleon at 60 Gev/c
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Fig. 1. Prong number distribution for:
a) 7~ -nucleon events in emulsion at 60 GeV/c,
b) 77 -nucleon events in emulsion at 45 GeV/c,
¢) T~ -p events in the hydrogen bubble chamber at 25
GeV/c. After Elbert et al, [4].
Dashed and cross-hatched areas correspond to "7 -n"
and coherent events, respectively.
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in majority of cases we are dealing with bound

nucleons the average values may be slightly over- d s
; i 1s N
estimated. The shape, however, of our multipli- deosd,
- C L dN €M
city distribution appears to be similar to those at dcos S 63stars
lower energy. This can be illustrated by the con- M 2
stancy of the ratio (n.p)/0, where oy is a disper- 40 200
sion ‘of the. prong-number distribution. The values +15 particles 154 stars
of this ratio are also shown in table 1. fen=6
A comparison of our average multiplicity
(cn) in "r” -p" events with the hydrogen-bubble- dN 150
chamber ones at lower energy [4 +9] is shown in d cosdcm M
fig. 2. Our results seem to prefer the (nch)OCEO'?’s 4
dependence but, since they can be overestima?ed, NGstars
. N J Nep=4
the logarithmic dependence cannot be ruled out. 100)
Angular distribution of secondary particles. 100
Th'e ar}gular distribution 'of rela'tlv1st1c sgcogd- +46 particles
aries in cos 8 opy- coordinates is shown in fig. 3.
It is seen that pions are emitted predominantly
into the forward hemisphere in the 77 -nucleon 50 50
CM system. The strongest forward asymmetry +37 particles
is observed at the lowest multiplicities. With the
increasing multiplicity the asymmetry decreases
but remains significant. Only in the highest-multi- 0L . ob—r —
plicity stars (n.}, > 14) is the angular distribution -05 0 +05 -d5 0 +és5
symmetric (but still anisotropic).
Qualitatively similar results were obtained
previously at lower energies (cf ABBCCHW col-
laboration [5]). dN
P, (Gev/c) d cos¥cm
1 dN
3 456 8 10 15 20 2530 40 50 60 200, d30s%m 5 srars
nc,,-10
138stars 60] +18particles
nch‘a
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40{ +7particles
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2 3 4 5 6 8 10 Fig. 3. Angular distribution of secondaries in "7~ -p"
tot interactions at 60 GeV/c for various multiplicities foh-
Ecm(GeY) Only secondaries which are relativistic in the labora~
Fig. 2. Average prong number (%) in 7~ -p collisions tory system have been included in the distribution; the
as a function of the total primary energy EtCOIEI in CM number of the remaining ones is shown in each distri-
system and of the primary momentum p,. bution.

239



Volume 31B, number 4

The authors would like to express their grati-
tude to the whole staff of the accelerator of the
Institute of High Energy Physics at Serpukhov,
in particular to Mr. S.Denisov, Mr. L. Landsberg
and Mr. A.Zaytsev from the Experimental
Physics Department for their kind support and
collaboration without which this experiment
would not have been possible. The authors are
also thankful to Dr. S.I.Lubomilov from the
Joint Institute for Nuclear Research for the ex-
cellent processing of the emulsion. The large
amount of work performed by our scanning teams
is greatfully acknowledged.

References

1. Alma-Ata - Cracow - Dubna - Moscow Collaborat-
ion, report no. 97 at the Lund International Conf.
on Elementary particles, Lund, 1969,

2. Alma-Ata - Cracow - Dubna - Moscow (F.I.A.N,
and M.G.U.) ~ Sofia - Tashkent - Ulan-Bator Colla-

R

240

PHYSICS LETTERS

(31}

16 February 1970

boration, paper HE-26 at the XI International Conf,
on Cosmic rays, Budapest, 1969.

. Alma-Ata - Budapest - Cracow - Dubna - Moscow

(F.ILA.N, and M.G.U.) - Sofia - Tashkent - Ulan
Bator Collaboration,, Phys, Letters 31B (1970)241.

. J.W. Elbert, A.R.Erwin, S. Mikamo, D. Reeder,

Y.Y.Chen, W, D, Walker and A. Weinberg, Topical
Conference on High-Energy collisions of hadrons,
CERN 68-7, Volume II (1968), p. 244.

. Aachen - Berlin - Bonn -~ CERN - Cracow - Heidel-

berg - Warsaw Collaboration, Nuclear Physics, to
be published.

. Genova ~ Hamburg -~ Milano - Saclay Collaboration,

preprint, unpublished, 1965.
J. Bartke, Nuclear Physics, 82 (1966) 673,

. N.G. Birger, Van Gan-chan, Van Tsy-chen, Din

Da-tsao, Y.V.Katyshev, E. N, Kladnitskaya, D.K.
Kopylova, V. B. Lubimov, Nguen Din-ty, A.V.
Nikitin, M, L. Podgoretsky, M. L Soloviov and Z.Trka,
Dubna preprint P-789, 1961.

Aachen - Birmingham - Bonn - Hamburg ~ London
(I. C.) - Munich Collaboration, Nuovo Cimento, 31
(1964) 485, 729.



