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I. INTRODUCTION 

1t 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
1,21 . 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) 1~c 

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 '3, 4 ' 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
ca-ily 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 /5/ on the target­
nucleus structure 

1
6! and on the structure of th~ nucleon 171 . 

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/S/ 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 I80 litre xenon bubble chamber satisfies these re­
quirements practically. In our experiment this chamber was 
exposed to a beam of negqtively charged pions of 3.5 GeV/t 
momentum. 

The characteristics of the xenon bubble chamber used in this 
experiment and detailed information about the ex2erimental 
procedure can be found in our previous works 11

•
4

•
91 

; we limit 
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: 

rr-+xe ... nP+f (Ia) 

and 

rr-· + Xe ... np+ rr-· + f (I b) 

which could occur in the fiducial region of nearly 42xl0xl0 cm 3 

volume situated coaxially and centered inside the chamber 
of 1.04x40x40 cm3 volume; np =0, I, 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 9f 
impact. We were able to detect the collision events in which 
the incident pion track end~ 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 17 - of the inci­
dent pion track, the number np of the protons emitted - called 
the proton multiplicity, the emission angle OP and the azimuth 
angle </>p, the kinetic energy Ekp' the longitud1nal momentum PL , 
and the transverse momentum PT of each of the protons emitte& 
were determined; the azimu.th aKgle of the proton emission · 
direction is defined as the angle between the pion deflection 
plane and the, proton emission plane. The accuracy in measur,ing 
the pion deflection angle is about I deg;ee; the accuracy'in 

2 

{ 

measurinp the proton emission angle is about 3 degrees, on the 
average. Energies of the protons were measured, using the ran­
ge-energy relation 1101 , with an accuracy of about 4%. The number 
np of the proton tracks, corresponding to the proton kinetic 
energy larger than 20 MeV, was determined with a constant de~ 
tection efficiency c~ose to 100%. 

3. EXPERIMENTAL DATA 

The data, set forth below, are obtained in the analysis of 
972 events of the kind in questi~n (Ia) and (lb) singled out in 
the scanning of about 150 000 chamber stereophotographs. A 
systematical scanning of some part of photographs for 
any type collision events, with and without particle pro­
duction, shows that a sample of 6 301 such any-type pion-xenon 
nucleus events at 3.5 GeV/c momentum contains 848 events without 
particle production; 78 of them are such in which incident pion 
is absorbed in the target-nucleus, in 588 events incident pion 
deflection is observed, and in 182 events pion charge exchange 
is 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. I. Dependences of Various Characteristics of the Emitted 
Protdris on the Proton Multiplicit~ 

It has been pointed out '3 •11 that the proton multiplicity 
np of emitted protons is a measure of the nuclear matter layer 
thickness, measured in units of the proton number per some area 
S, the incident hadron interacted with in a collision event, 
when np :;:np(D), where np(D) is the proton multiplicity cor­
responding to the nuclear matter layer as thick as the diameter 
D of the target-nucleus is. It is reasonable, therefore, to 
~resent various characteristics of the secondaries, of the 
emitted protons in the case, as a function of the· proton multi­
plicity np. 

3. I. I. Proton Multiplicity Distributions 

Proton multiplicity distributions N(np) in the classes of 
events of the type (Ia) and (lb) are characterized by the 
data contained in tables I and 2, and in fig. t; in table I the 
proton multiplicity distribution in collision events without 
particle production, in which incident pion charge exchange 
takes place, is presented as well. 

3 
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Fig. l. Proton multiplicity, 
np, distribution, N(np). in 
pion-xenon nucleus collision 
events at 3.5 GeV/c momentum; 
left - in the sample of events 
of the type (Ia) and (!b) toge­
ther, right - in the sample of 
events of the type (Ia); N­
total number of events in the 
sample. 

3. 1.2. Dependences of the Average Value of the cos8p on 
the Proton Multiplicity np 

The dependences of the proton emission angle ep, in cosOP, on 
the proton multiplicity np are presented in fig.2. In this fi­
gure the normalized dispersion D/<cosOP> in dependence on np 
is given as well. 

3. 1.3. Dependences of the Average Proton En~rgy on the Proton 
Multiplicity 

The average kinetic energy <Ekp> of the emitted protons in 
dependence on the proton multiplicity is shown in fig.3. In 
this fi~ure the normalized dispersion D/<Ekp> in dependence 
on n p 1s presented as well .. 

3. 1.4. Average Values of the Longitudinal Component of the 
Emitted Proton Momentum <P1.p> in Dependence on the Proton 
Mu 1t i p 1 i c i t y n p 

The <P1 rf>-np dependences are chan!cterized in fig.4, where 
the normaltzed dispersions D/< p·

1
P> are presented in dependence 

np as well. on 

IJ I I j~ 
.,-t ,. 
~~ '~ 

::I~.::LL.._,~.w__.~u._._~ 
0 5 I 0 n.p 0 5 I 0 n.p 

ti~lf~tfl 
!t, ,, , .. ,,· J:l~ 

0 5 I 0 r'lp 0 5 I 0 n., 

Fig.2. Dependences of the ave­
rage values <cosOp>. where Op 
is the proton emission angle, 
on the proton multiplicity 
in pion-xenon_nucleus collisions 
without particle production at 
3.5 GeV/c momentum - upper; 
np- dependences of the normali­
zed dispersion D/<cosep > 
lower. Lef- in the sample of 
events of the type (Ia) and (lb) 
together, right - in the sample 
of events of the type (Ia). 
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Fig.3. The dependences of the 
average kinetic energy <Ekp> 
of the emitted protons on the 
proton multi1)licity lip' in pion­
xenon nucleus collision events 
without particle production 
at 3.5 GeV/c momentum. Left 
upper - in the sample of events 
of the types (Ia) and (lb) to­
gether; vight upper - in t4e 
sample of evenrs of ,the ~ype 
(Ia). Lower- lip-depenqences 
of corresponding normalized 
dispersions D/<Ekp >. 
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Fig.4. Average values of the 
longitudinal momentum of the 
emitted protons, <PLp>,in de­
pendence on the proton multi­
plicity np- upper; correspon­
ding normalized dispersions, 
D/<PL >,in dependence on lip -
lower.PLeft - in the sample 
of evertts of the types.(la) 
and (lb) together; right - in 
the sample of events of the 
type (Ia). 

3. 1.5. Average Values of the Proton Momentum Transverse 
Component in Dependence on the Proton Multip).itity 

The <PT?- lip dependences are characterized in 
this figure the normalized distributions D/<PTp> 
on lip are shown as well. 

3.2. Proton Kinetic Energy Distributions 

fig.5; in 
in dependence 

Distributions of the kinetic energy, Ekp• of the emitted 
protons in various samples of events are presented in figs.6 
and 7; the characteristics of these distributions are given 
in table 3. 

3.3. Di~tributions of the Proton Longitudinal Momentum 

Distributions of the longitudinal component of the emitted 
proton momentum PL , in the samples of events of the types (Ia) 
and (lb) together,Pand of the type (Ia) are presented in fig.8; 
the characteristics of·these distributions are given in table 4. 

6 

Table 3 

Characteristics qf the energy spectra of protons 
emitted in pion-xenon nucleus collisions without par­
ticle production, at 3.5 GeV/c momentum. The quantities 
are defined and denoted as usual 113 ~ F and B is for 
"forward" and '!backward" correspondingly. 

The sample of the pion-xenon nucleus collisons 
Quantity 

n ~ 1 n = 0 ,..- :rr-

( Ekp) 87.5 MeV tj'J.9 MeV 

< Ekp} 1<' 96.3 MeV 97.1 MeV 

(Ekp) B '(0.9 MeV '(6. 3 MeV 

r.m.s. 59.7 mev 60.5 MeV 
r.m.s.F 63.4 Me if 61.9 il'ieV 
r.rn.s.B 4'f. e MeV )5.3 l\!eV 

skewness 1. 11 1.14 
skewnessF O.:J2 0.91 
sk:ewnessB 1. 45 1. 76 

kurtosis 0.69 0.86 
kurtosis}, o.oe -0.0';! 

kurtosisB 
I 

2.60 4.23 

Table 4 

Characteristics of the proton longitudinal momentum 
distributions in pion-xenon nucleus collisions without 
particle production at 3.5 GeV/c momentum. <PLp>­
average value of the proton momentum longitudinal com­
ponent. 

Quantity I The sample of the pion-xenon nucleus collisions 
n 11 _:sl n17- = 0 

<p Lp> 96.0 MeV/c ~9.7 MeV/c 
r.m. s. 237.0 MeV/c 242.0 MeV/c 
skewness 0.04 -0.17 
kurtosis 0.04 0.23 

.... 

i 

7 



-- --~--

Table 5 

Characteristics of the transverse momentum PTpdistri­

butions 6f the protons emitted in pion-xenon nucleus 

collision events without particle production at 

3.5 GeV/c momentum. The quantities are defined and de­

no.ted as usuall/131; F is for "forward",, B is for"backward;,. 

The sample of the pion-xenon nucleus collisions 

Quantity 
n· ~ 1 n = 0 .,..- JT-

( PTp) 303.1 flleV/c 299.0 MeV/c 

( PTp) F J0~-4 MeV/c 306.5 MeV/c 

' 
(P,.rp) B 291-4 MeV/c 285.2 MeV/c 

r.m.s. 134-7 llieV/c 132.6 MeV/c 

r.m.s.F 13b.~ MeV/c 134-8 MeV/c 

r.m.s.B 125.6 MeV/c 127.2 MeV/c 

skewness 0.46 0.53 

sk:ewnessF 0.)9 0.41 

slcewnessB 0.59 0.78 

kurtosis -0.25 -0.26 

kurtosisF -0.40 -0.49 

--~urtos~_sB 0.10 O.J6 
-- - - -- -- -

-

Table 6 
Characteristics of the a~gular distributions of the 

protons emitted in pion-xenon nucleus collisions 

without particle production, at 3.5 GeV/c momentum. 

ep- the proton emission angle; the quantities are 

defined and denoted as usual 113/ 

Type of the pion-xenon nucleus collisions 

Quantity n ~ 1 n = 0 
:Jf- :rr-

(cos ~p) 0.1976 0.1898 

r.m.s. 0.5457 0.5578 

skewness -0.4311 -0.4456 

_leur_ t a!3 ill_ '---- -0.8btl9 -0.9300 

8 

----

! 

I 

I 
I 
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~p 
~I 

3.4. Proton Transverse Momentum Distributions 

The distributions of the proton transverse momenta are pre­

sented in figs.9 and I~; 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, 8P,and 

the proton emission azimuth angles, ~P' are presented in figs. II, 

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: 
I) The proton multiplicity distributions in the classes of 

events of type (I a) and (I b), in which the incident pion is 

absorbed and in which the incident pion is deflected, differ 

by much, fig. I. and tables J and 2; the distribution in the 

class of events of the type (Ia) is practically normal, but the 

distribution in the class of events of the type (lb) is not. 

Fig.5. Pion-xenon nucleus col­

lisions without particle pro­

duction at 3.5 GeV/c momentum. 

Dependences of the proton trans­

verse momentum average value, 

<P T >,on the proton multiplicity 

np- tpper; corresponding depen­

dences on np of the normalized 

dispersion D/ <PTp> -lower. 

Left - in the samples of events 

of the type (Ia) and (lb) to­

gether; right - in the sample 

of events of the type (Ia). 

400 

• ~jlttl•"t'.ill ...... • .. I 
j + t 

~or 
200 

100 100 

0t ot~..L.L..L.L-'-'--'--'-.LL! 

0 5 10 rtp 0 5 10 rtp 

t ............. ~~""'""""' 
0 5 10 rtp 0 5 10 rtp 

Fig.o. Kinetic energy spectra 

of the protons emitted in pion­

xenon nucleus collisions at 
;{ ,,,~,~~~·:~~ 

oz, I 11 I 1 if Ill] 1 llijl II lj I I I 11 

3.5 GeV/c momentum in which par­

ticle production does not occur; 

left - in the sample of events 

of the type (Ia) and (lb) toge­

ther, right - in the sample of 

events of the type (I a). L -
number - of protons in the sample. 

z~ 
01 

0. 0 100 

Ull-
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1~~-I> 682 

-~ 

200 
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100 200 E 300 
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9 



I 

2)
1
Average kinetic energy <Ekp>and average, transverse momen­

tum <PTp> of the emitted fast protons, of kinetic energy from 
about 20 to about 400 MeV, do not depend practically on the 
multiplicity np, at np .:::;,n(D)=8; the Ek and PT distributions 
. . h . . IP. 'd P 1 f' 3 d 1n events w1t var1ous np are pract1ca ly, 1 ent1ca , 1g. an 
fig.5. 

'lf"'"' r nl _, ~ ..J. -r•IOJO ~ :. -r- 21s 
'Z 
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0 I 01 

0 '""'" ,, ,, "'''""'I 0 ~ .. '" ,,,,.JIJ~ 
. 0 100 200 300 . 0 100 zoo 300 

E,, M.V E,,M.V 

- I'Ln -~ I 

0 

N(~,) 

0 

0.2 

N(~,) 

-r'\~ = 0 

10 

L:N = 2973 

P MeV 
lp- c-·-

IN= 682 

+600 Pcp~ 
c 

Fig.7. Kinetic energy spectra 
of the protons emitted into for­
ward F and backward B hemisphe­
re, in pion-xenon nucleus c~l­
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 
type (Ia) and (lb) together; 
right - in the sample of events 
of the type (I a). I- number of 
the protons in the sample. 

Fig. 8. Distributions N(P Lp) of 
the longitudinal momentum PLp 
of the protons emitted 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 (Ia) and 
(lb) together; lower - in the 
sample of events of the type 
(Ia). IN- number of the pro­
tons in the sample. 

L 

I 

I 

,.1 i 

~. 

3) The energy spectra of the emitted fast protons are 
almost identical in both type13 of events, ,( Ia) and (!b), fi'g. 6 
and table 3; the ~ne~gy spectra of the protons emit~ed 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 (!b) and ,the -spectra of the protons emitt-ed into 
backward hemisphere are identical in events of the type (Ia) 
and (lb), fig.7 and table 3. 

4) The longitudinal momentum spectra N(PL ) of the fast pro­
tons emitted are practically identical in bo~h the samples 
of events- of the type (Ia) and (lb), fig.8 and table 4., 

5) The transverse momentum spectra N(PTJ of the protons emit­
ted in events of the type (Ia) and (lb) 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 in both the types of 
events (Ia) and (lb), fig. 10 
and table 5. 

6) Practically, there are 
no differences between cosep 
distributions of the proton 
emission angles ep. in the two 
samples of e~ents of the type 
(Ia) and of the type (lb), 
fig. II and table 6. 

7) An anisotropy is observed 
in the proton emission azimuth 
angle distribution, fig. 12; 

Fig.9. Transverse momenta PTp 
of the protons emitted in pi­
on-xenon nucleus collision 
events ~ithout particle produc­
tion at 3.5 GeV/c momentum. 
Upper - in the sample of events 
of the type (Ia) and (lb) toge­
ther; lower - in the sample 
of events of the type (1a). 
IN - number of the protons in 
the sample. 
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Fig. II. Angular distributions, 
in cos ep. of the ·protons emit ted 
in pion-xenon nucleus collisi­
ons w'ithout pa,rticle production 
at 3.5 GeV/c momentum. Upper -
in the sample of events of the 
type (Ia) and (lb) together; 
lower - in the sample of events 
of the type (!a). :kN - numbers 
of the protons in the sample. 

Fig.tO. Transverse momenta PTp 
of the protons emitted into 
forward F' and backward B 
hemisphere in the pion-xenon ' 
nucleus collision.....eve,nts w:i­
thout particle productiop at 
3.5 GeV(c momentum. Upper -
in the sample ~f events of the 
type (Ia) and of ,the t'ype (lb) 
together; lower - in the samp­
le of events of the type 
(I a). :2-N- number of the pro­
tons in the sample. 
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this anisotropy decreases with increase of the incident pion 
deflection angle fJ

77
• fig.l2. 

The existence of the pion-xenon nucleus collision events 
without particle production, in which 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/. 
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Fig. 12. Distributions N(L'.¢p) of the azimuth angles ¢ p 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 angle~ 8 77 of the incident pion. The pro­
ton emission azimuth angle ¢pis 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 <Ekp> and the <PT > of the proton multiplicity np indica­
te that the protons maypbe 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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CTpyranbCKHH 3., naanRK T., nn~Ta ~. E1-82-718 
3KcnepHMeHTanbHWe HCCneAOBaHHR CTOnKHOBeHHH nHOH-KCeHOH 6e3 PO*AeHHR 
~aCTHq npH 3,5 r3B/c: ~He xapaKTepHCTHKH 

C~eCTBY~T cny~aH nHOH-KCeHOH CTOnKHOBeHHH, B KOTOpWX HHTeHCHBHOe Hcnyc­
KaHHe 6WCTpWX npOTOHOB C KHHeTH~eCKHMH 3HeprHRMH OKOnO 20-400 M3B npOHCXO­
AHT 6e3 PO*AeHHR ~aCTHq. npHBOARTCR pacnpeAeneHHR nPOTOHOB no 3HeprHRM, 
HMnynbCaM H yrnaM HCnycKaHHR. 3TH pacnpeAeneHHR aHanH3Hpy~TCR B Knaccax 
co6WTHH C pa3HWMH HHTeHCHBHOCTRMH HCnycKaHHR npOTOHOB. AHanH3 3KCnepHMeHTanb 
HWX xapaKTepHCTHK npHBOAHT K 3aK~~eHH~ ~TO! a/ HCnycKaHHe HYKnOHOB npoTe­
KaeT He3aBHCHMO OT npoqecca PO*AeHHR ~aCTHq; 6/ Ha6nDAaeMOe HHTeHCHBHOe HC­
nycKaHHe 116WCTpWX11 npOTOHOB Henb3R C~HTaTb peaynbTaTOM npRMOrO BW6HBaHHR 
HyKnOHOB H3 RApa-MHWeHH HaneTa~HM aAPOHOM. 

Pa6oTa awnonHeHa B na6opaTopHH BWCOKHX 3HeprHH OH~H. 

C~eHHe 06~eAHHeHHOro HHCTHTyTa RAePHWX HccneAOBaHMH. AY6Ha 1982 

Strugalski Z., Pawlak T., Pluta J. E1-82-718 
Experimental Study of the Pion-Xenon Nucleus Collisions without 
Particle Production at 3.5 GeV/c Momentum: General Data 

There exist pion-xenon nucleus collision events in which intensive emission 
of fast protons, of kinetic energy of about 20-400 MeV, is observed only 
without particle production. Energy, momentum and angular distributions 
of the emitted protons are presented and analysed in classes of events with 
various proton emission intensity . It is concluded that: a) The nucleon 
emission proceeds independently of the particle production process; b) The 
observed intensive emission of the "fast" protons cannot be treated as 
a result of a simple knocking-out of the nucleons from the target by the 
incident hadron. 

The investigation _has been performed at the Laboratory of High 
Energies, JINR. 
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