


1. INTRODUCTION

Tt was already communicated some years ago that we have ob-
served such collisions of pions with xenon nuclei, at 3.5 GeV/c
momentum, in which fast protons, of kinetic energy from about
20 to about 400 MeV, are intensively emitted without particle
production’1:2/  In the events the protons are recorded simply
with an efficiency of about 100%, neutrons of any kinetic
energy are not observed practically. It is reasonable to think
that fast neutrons, of similar energy spectrum, are intensively
emitted in such kind of events as well.

Among the pion—xenon nucleus collisions without particle
production two classes of events can be distinguished: a) The
class of events in which none of secondary pions is emerged/]/;
the incident pion is absorbed in the target-nucleus accompanied
by fast nucleon emission. b) The class of events in which the
incident pion underwent a deflection only in its passage through
the target-nucleus accompanied by fast nucleon emission. Ad-
ditional investigations of the hadron-nucleus collision events
without particle production 34’ allow one to conclude that the
ratio between the number of events in which incident hadrons
are absorbed in the target-nucleus and the number of events
in which incident hadrons are deflected decreases to zero with
the incident hadron momentum increase and with the target-nuc-
leus mass number A decrease; at small-mass-number-targets,

A <6, the events belonging to the class a) do not occur practi-
cally at any incident hadron momentum over the pion production
threshold; at incident pion momentum larger than about 4 GeV/c
the projectile absorption in the target-nucleus does not

occur practically in collisions with the most heavy target-
nuclei. But, events without particle production in which inci-
dent hadron underwent a deflection only, accompanied by fast
nucleon emission, should occur in collisions of hadrons of any
kinetic energy over the particle production threshold with

any target-nuclei.

Investigations of such a type of events without particle
production may provide new and original data on the nucleon
emission process in hadron-nucleus collisions/sc on the target—
nucleus structure '/ and on the structure of the nucleon’? .
During the last three years a special additional investigation
of the events in question has been performed using photographs
from the 180 litre xenon bubble chamber “8 exposed to 3.5 GeV/c
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momentum negatively charged pion beams. A description of various
characteristics of these events is the task of the present
paper.

2. EXPERIMENT

The hadron-nucleus collision events without particle produc-—
tion could have been discovered when all the secondary pions,
charged and neutral, all other produced particles, and the
emitted protons were registered with an efficiency of about
100%. The 180 litre xenon bubble chamber satisfies these re-
quirements practically. In our experiment this chamber was
exposed to a beam of negatively charged pions of 3.5 GeV/c
momentum.

The characteristics of the xenon bubble chamber used in this
experiment and detailed information about the experimental
procedure can be found in our previous works 497 e 1imit
ourselves here, therefore, to the presentation of the most
important information about the experiment.

The photographs of the chamber were scanned and rescanned
for pion-xenon nucleus collisions of the type: !

7™ + Xe » n, + f (1a)

and

77+ Xe > np+ 77+ f (1b)

which could occur in the fiducial region of nearly 42x10x10 cm3
volume situated coaxially and centered inside the chamber

of 104x40x40 cm® volume; np=0, 1, 2, ... denotes the number

of emitted fast protons and f denotes residual nuclear fragments.

Any sharp change in the straight-line track of any beam pion
was considered to be an indication that this pion underwent
the interaction with the xenon nucleus; the end- or deflection-
point of any beam pion track was accepted to be the point of
impact. We were able to detect the collision events in which
the incident pion track ends off or deflects at an angle of
no less than 2 degrees, accompanied or not by any number of
the proton tracks outgoing from the interaction place.

In any of the events the deflection angle 0 ,~ of the inci-
dent pion track, the number n_ of the protons emitted - called
the proton multiplicity, the emission angle 6  and the azimuth
angle ¢, the kinetic energy E, , the longitudinal momentum P, ,
and the transverse momentum PT of each of the protons emitteﬁ
were determined; the azimuth angle of the proton emission
direction is defined as the angle between the pion deflection
plane and the proton emission plane. The accuracy in measuring
the pion deflection angle is about 1 degree; the .accuracy 'in
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measuring the proton emission angle is about 3 degrees, on the
average. Energies oﬁ the protons were measured, using the ran-
ge-energy relation "1%/, with an accuracy of about 4%. The number
n, of the proton tracks, corresponding to the proton kinetic
energy larger than 20 MeV, was determined with a constant de~
tection efficiency close to 100Z%.

3. EXPERIMENTAL DATA

The data, set forth below, are obtained in the analysis of
972 event§ of the kind in question (la) and (1b) singled out in
the scanning of about 150 000 chamber stereophotographs. A
systematical scanning of some part of photographs for
any type cpllision events, with and without particle pro-
ducticn, shows that a sample of 6 301 such any-type pion-xenon
nuclgus events at 3.5 GeV/c momentum contains 848 events without
Part1cle production; 78 of them are such in which incident pion
is absoFbed in the target-nucleus, in 588 events incident pion
?eflec?lon is observed, and in 182 events pion charge exchange
1s registered. Thus, the pion-xenon collision events without
particle production occur, at 3.5 GeV/c momentum, in about
(10.6+0.5)% of all pion-xenon nucleus collision events.

3.1. Depegdences of Variocus Characteristics of the Emitted
Protdns on the Proton Multiplicity

It has'been pointed out ¥ that the proton multiplicity

"p_ of emitted protons is a measure of the nuclear matter layer
thlckne§s, measured in units of the proton number per some area
S, the incident hadron interacted with in a collision event
whenx”)ﬁlﬁ(D),where np(D) is the proton multiplicity cor~,
responding to the nuclear matter layer as thick as the diameter
p of the target-nucleus is. It is reasonable, therefore, to
present various characteristics of the secondaries, of Ehe

em}t?ed protons in the case, as a function of the proton multi-
plicity np.

3.1.1. Proton Multiplicity Distributions

Proton multiplicity distributions i
events of the type (la) hathcterized by the
! yp a) and (lb) are characterized by the
data contalved‘lg tables 1 and 2, and in fig.}; in table 1 the
proton multiplicity distribution in collision events without

particle prod?ction, in which incident pion charge exchange
takes place, 1s presented as well.
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3.1.2. Dependences of the Average Value of the cosfp on
the Proton Multiplicity n,

The dependences of the proton emission angle 6, , in cosf,, on
the proton multiplicity Dy are presented in fig.2. In this fi-
gure the normalized dispersion D/<cosﬁp> in dependence on n,
is given as well. N

3.1.3. Dependences of the Average Proton Energy on the Proton
Multiplicity

The average kinetic energy <E,> of the emitted protons in
dependence on the proton multiplicity is shown in fig.3. In
this figure the normalized dispersion D/<Ekp> in dependence
on n, is presented as well.

3.1.4. Average Values of the Longitudinal Component of the

Emitted Proton Momentum <P; > in Dependence on the Proton
Multiplicity np

The <Pz —n, dependences are chardcterized in fig.4, where

the normalized dispersions D/<PLD> are presented in dependence
on n, as well.
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Fig.2. Dependences of the ave-
rage values <cosfp>, where 8p

s 105t - is the proton emission angle,

on the proton multiplicity

in pion—-xenon_nucleus collisions
without particle production at
3.5 GeV/c momentum - upper;

ny, - dependences of the normati-
zed dispersion D/<cos@,> -
lower. Lef -~ in the sample of
events of the type (la) and (1b)
together, right - in the sample
of events of the type (la).
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average kinetic energy <E, > . Sxp . e 89.9  leV
. . p
of the emitted protons on the Flg'[f' A\_rerage values of the <B > . 96.3  MeV 97.1 MeV
\ . . . longitudinal momentum of the kp” ¥ ‘ ve
proton multiplicity n,, in pion- {red <P. > in de- 3 <Ek > 3 70.9 MeV 6.3 MeV
xenon nucleus collision events emlg © protoEs, Lp~»1n ce P
without particle production pendence on the proton multi- .
at 3.5 GeV/c momentum. Left plicity mp = upper; correspon- TelleSe 59.7  NeV 60.5  MeV
upper - in the sample of events le/nanorrflallzed dispersions, ‘ TeieS. 63.4  MeV 61.9 eV
of the types (la) and (Ib) to- 1 < LD?“E dfpgnde;ce on ftp = TelleSap 47,8 eV 55.3  MeV
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kurtosxisF 0.08 ~0.09
3.1.5. Average Values of the Proton Momentum Transverse kurtosisy, 2.60 4.23
Component in Dependence on the Proton Multiplieity ]
The <Pp>-n dependences are characterized in fig.5; in
this figure the normalized distributions D/<PTp> in dependence
on n, are shown as well. Table 4
3.2. Proton Kinetic Energy Distributions ((jll?aracteristics of the proton longitudinal momentum
. - : ‘ ‘ ) - . ‘ istributions in pion- isi i
Distributions of the kinetic energy, E,,, of the emitted ' - _plon~xenon nucleus collisions without
: : P . c particle production at 3.5 GeV/c momentum. <P;_> -
protons in various samples of events are presented in figs.6 average value of the proton m c 1 : L
and 7; the characteristics of these distributions are given ponent. P omentum longitudinal com-
in table 3.
, Quantity The sample of the pion—xenon nucleus collisions
3.3. Distributions of the Proton Longitudinal Momentum ) n__<1 )
- = Ny
Distributions of the longitudinal component of the emitted N <P > 96.0 MeV/c 89.7 Mev/
proton momentum PLp' in the samples of events of the types (la) r.m s 237.0 MeV/c .2-42'0 ev/ic
and (Ib) together, and of the type (la) are presented in fig.8; skewness 0:04 _0.17Mev/c
the characteristics of -these distributions are given in table 4. Kurtosis 0.04 0'23
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Table 5 \

Characteristics of the transverse momentum PTpdistri—
butions Of the protons emitted in pion-xenon nucleus
collision events without particle production at’

3.5 GeV/c momentum. The quantities are defined and de- i
noted as usually'!®/; F is for "forward", B is for'backward".

The sample of the pion-xenon nucleus collisions
Quantity
n - < 1 n = 0
" n-

P 03.1 lieV/c 299.0 MeV/c
(Prp > ?

P 09.4 MeV/c 306.5 MeV/c
< Tp>.F 3 \
<PTP> B 291.4 MeV/c 285.2 MeV/c
TeMoeSe 134.7 KeV/c 132.6 MeV/c
TeMeSep 138.9 MeV/c 134.8 MeV/c
r.m.S.p 125.6 MeV/c 127.2 MeV/c
skewness 0.46 0.53
skewnessF 0.39 0.41
skewnessy 0.59 0.78
xurtosis -0.25 ~0,26
kurtosisF ~-0.40 -0.49
kurtosisB 0.10 0.36

Table 6

Characteristics of the angular distributions of the
protons emitted in pion-xenon nucleus collisions
without particle production, at 3.5 GeV/c momentum.

05~ the proton emission angle; the quantities are
defined and denoted as usual 713/

pype of the pion-Xenon nucleus collisions
Quantity = =7 o -5 .
xn- " x-
{cos \3}) 0.1976 0.1898
T.M.Ss 0.5457 0.5578
skewness -0.4311 -0.4456
kurtosis ~0.8689 -0.9300
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3.4. Proton Transverse Momentum Distributions

The distributions of the proton transverse momenta are pre-
sented in figs.9 and 10; the characteristics of these distribu-
tions are presented in table 5.

3.5. Angular Distributions of the Protons Emitted

The characteristics of the proton emission angles, 6,,and
the proton emission azimuth angles, ¢p,are presented in figs.1l1,
12, and in table 6.

4. CONCLUSIONS AND REMARKS

From the analysis of the general characteristics of the
pion-xenon nucleus collisions without particle production, at
3.5 GeV/c momentum, presented in this work, it can be concluded
that:

1) The proton multiplicity distributions in the classes of
events of type (la) and (Ib), in which the incident pion 1is
absorbed and in which the incident pion is deflected, differ
by much, fig.!. and tables 1 and 2; the distribution in the
class of events of the type (la) is practically normal, but the
distribution in the class of events of the type (1b) is not.

Fig.5. Pion-xenon nucleus col-
lisions without particle pro- M o MeY
duction at 3.5 GeV/c momentum.
Dependences of the proton trans-—
verse momentum average value,
<Pqﬁgon the proton multiplicity
n,= upper; corresponding depen-— ooy
dences on Ny of the normalized

dispersion D/<Pqy>-lower. N IIS‘HlWHIHPGBIH‘QIH‘hllnp
Left — in the samples of events

of the type (l1a) and (Ib) to- A 7
gether; right - in the sample g eoretatesattat H*+H’°'”’ij
of events of the type (la). TN PR ST

2001 + 200 1

=)

Fig.b. Kinetic energy specira

of the protons emitted in pion-—
xenon nucleus collisions at

3.5 GeV/c momentum in which par-
ticle production does not occur;
left - in the sample of events

of the type (la) and (lb) toge-
ther, right - in the sample of
events of the type (ta). X -
number - of protons in the sample.
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2)'Average kinetic energy <E,,> and average transverse momen-
tum <Pp,> of the emitted fast protons, of kinetic energy from
about 20 to about 400 MeV, do not depend practically on the
multiplicity n,, at “pSFWD)=85 the Ekp and Py distributions

é? egents with various n, are practically identical, fig.3 and
ig.5.
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Fig.7. Kinetic energy spectra

of the protons emitted into for-

ward F and backward B hemisphe-

1 re, in pion~xenon nucleus col-

1 lision events at 3.5 GeV/c mo-

{ mentum in which particle produc—

] tion does not occur. Left - in

] the sample of events of the

e ﬁg type (la) and (1b) together;
B,  right - in the sample of events

of the type (la).y - number of

—T = 444
-z = 238

Lo
100

0 - the protons in the sample.
NR,)
—-1,-< | ZN= 2973
0.4
Lty s gl dy 1111l
-600 0 +.600 R, Mev
02 ’
N(R,)
—n,;:=0 SN = 68 Fig.8. Distributions NP ) of

the longitudinal momentum Py
of the protons e€mitted in pion-
xenon nucleus collisions at

3.5 GeV/c momentum in which par-
ticle production does not take
place. Upper - in the sample

of events of the type (la) and
(1b) together; lower - in the
sample of events of the type
(1a). 2N - number of the pro-
tons in the sample.
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3) The energy spectra of the emitted fast protons are
almost identical in both types of events, (la) and (Ib), £fig.6
and table 3; the éneyxgy spectra of the protons emitted into
forward and backward hemispheres differ evidently in both
the types of events, but the spectra of the protons emitted
into forward hemisphere are identical in events of the
type (ia) and (Ib) and the spectra of the protons emitted into
backward hemisphere are identical in events of the type (la)
and (1b), fig.7 and table 3.

4) The longitudinal momentum spectra N(P. ) of the fast pro—
tons emitted are practically identical in both the samples
of events - of the type (la) and (1b), fig.8 and table 4.,

5) The transverse momentum spectra N(P. ) of the protons emit-
ted in events of the type (la) and (1b) are identical, fig.9
and table 5; there are some small differences between the spect-
ra of protons emitted into backward and forward hemispheres, but

these differences are almost iden-—

tical 1in both the types of
events (la) and (1b), fig. 10 N
and table 5. C ]
6) Practically, there are [ —Ng-¢1 ZN= 2973 ]
no differences between cosfp - oSt ]
distributions of the proton Z I ]
emission angles 6, in the two - 1
samples of events of the type 0.l N
(1a) and of the type (1b), L ]
fig.11 and table 6. r 7
7) An anisotropy is observed S 1
in the proton emission azimuth L ]
angle distribution, fig. 12; KIHIHH‘“lHHIHAL|Hnlhlnn1;
' %0 " 500 600 900, May
Tp [
0.2IlllllI||]|1|TT|I|I'l|II||||l]llIT i
. —Ng=0 IN= 68 .
Fig.9. Transverse momenta Pg, asr 1
of the protons emitted in pi- ZL ]
on—xenon nucleus collision =~ r | ]
events 'without particle produc- o= Y, ]
tion at 3.5 GeV/c momentum. L : ]
Upper - in the sample of events r ]
of the type (la) and (1b) toge- Con ]
ther; lower — in the sample - i
of events of the type ({a). r ]
3N ~ number of the protons in 0.0 “‘”';66"'“46‘60 ““‘é")b’;'}:q_‘sy

the sample. Tp
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in the sample of events of the

type (la) and (lb) together;

lower — in the sample of events

of the type (la). 2N - numbers 0.
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of the protons in the sample. cos U

this anisotropy decreases with increase of the incident pion
deflection angle 6,. fig.12. y

) The existence of the pion-xenon nucleus collision events
without particle production, in whiech intensive emission of fast

protons occurs, forces us to think that the proton emission
process in hadron-nucleus collisions proceeds independently of
the particle creation process, as it was pointed out in our
works many years ago 12/,

12

l
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Fig.12. Distributions DKA¢p) of the azimuth angles ¢, of
the emitted protons in pion-xenon nucleus collision events
at 3.5 GeV/c momentum in which particle production does

not occur, in classes of events of the type (1b) with
various deflection angles 6, of the incident pion. The pro-
ton emission azimuth angle ¢ is defined as the angle bet-
ween the point deflection plane and the proton emission
plane.

The characteristics of the proton emission process, presen-

ted in this paper, show that the observed proton emission is
not a result of a simple knocking out of the protons from the
target-nucleus by the incident hadron. The independences of

the <Ek > and the <Py > of the proton multiplicity np indica-
te that the protons may be emitted in result of decay of some
many-nucleon systems formed in the target—nucleus when an
incident hadron passes through it.
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