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.1. INTRODUCTION 

• Th~ subject matter of this work. is to pr~sent experimental 
charac·t~risti.~s of th~ neutron emission from nuclei, induced 
by high ene~gy hadronic projectiles. This ·paper is a. sequel. 
to the author. s last paper: Neutron emission from target nuc:: 
lei, induced by high energy ha.dronic projectiles.'~':· It is ba
sed on' .the newly ob_tained experimental, datafr,om the 180 ·~litre 
xenon. bubble; 'chamber I 2 I, exposed to 3.5 GeVF:. momentum negati
vely charged, pion beam' 31 from· the accelerator of. the',Moscow ·. · 
Institute of Theoretical and Experimental Physics. · · ;: •.: 
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2 ... EXPERIMENTAL PROCEDURE 
\ • ~ .; . \ .. . . ' ,' . ' ' : : .:~ ~. . • _.. ' i 

Neutrons·· are registered in the ·bubble .·chamber, by means of 
"neutral stars" recorded on photographs;. in' the i80 litre chinn
ber the registration·effici.ency111 is about 28% •. 
, For a simplicity, ~iri the''analysis of the events :recorded·:~ 

on. the stereophotographs, the . single hadron;-xenon',nucleus; col
lisionc;event photographs. were analysed ofily. The .. plctt.in~~ ~se-. 
lected; in ; ~uch a .• manner. were . clear . ancL ,without .. backgrpul!d , ·· .•.... _ 
frdm-

1
other. collision events inside· the· chamb~~< Thecneut.I:(;ns' 

' • • ~··.·. , •••• <. ·• •·· ••••• ; •'- ·"·' ""'"" ~.·l;l.'~ • ~·.-· 

emitted in the hadrori-xenon nucleus collision reactions cause 
characteristic ,•~neutral stars~· in coil is ions~ of 't:h.~. neutro~~. 
with the downstream .xenon, nuclei. "7 ._obseryed·p'rotons:,are .'em'it
ted from the nuclear targets radially; the pro"ton~ t~acks: .. fo·r~ th II II . . . ' . - ... • ... • . ,•· ' 

e stars. . ·;; ;_._. : .~.· .. :·>· 1 •. ,,l 
. . Information about the' experimental procedure,; and, especial
ly aboutr; the. photograph, scanning and meast.ire~Emts,o~~ the j_se~ . 
lectedi pictures! can .be. found in. our. former. .wor~s 1}:• 41:t'an~, if1~ 

'the papers.· cited· in them. .. .. . '- .· · .: t:t::,;:: ·; 
The neutron-emission· intensity we determine._as th~ riumper_, 

I\,· . o~ ·. t'?e. emitted neu_trons, or, as ; the, neutron.>emi~s_ion' I?~~E:~T 
pl1c1ty. n .• L·. . • · ,· . -... ~ , , , .,., '--n . " ~··- ' ~ ..... .•.---.rJ..-

,.? ~I ·.i . / 
',(, 

3. EXPERIMENTAL. DATA ,· 

·-' About :40000· photographs,were scanned and rescanned.: .-1.12~ 
single event pictures were recorded on them. The'number n ·, 
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·or multiplicity n , of the tracks caused 'by the .protons emit
ted in neutron-xe&on' collision reactions are from n = 1 up to 
n = 7; the "stars" were observed with n prongs thJ'refore. p p 

3.1. The Background Neutral Stars 

On the ·chamber photographs, there are recorded" not only.·th'e 
stars produced by the neutrons emitted !n the collision reac
tions of the incident hadroris with the xenon nuclei inside the 
chamber. Some of stars are produced by other neutrons'.:.' from 
other various'sources, from some.kind of reactions outside the 
chamber. Such .stars form the background··against which the neut
ral ·stars which we are' looking for are iegis.tered. · 

In order to't~ke irito account the background.neutral 'stars 
per one picture, 2237 chamber 'p'ictures were singled ()ut' ori''. -~, 
which no any collision reaction of the beam hadrons':with' the 
xenon nuclei inside the·chamber were registered. In· this sample 
of photographs, 294 were found on which ne~tral stars are re
corded; in total, 379 such neutral stars are seen on them - we 
call them_the background stars later. And so,· the percent'a'ge · 
of the background stars on the photographs is k = 379/2237 
,;. 16 :9±0. 2%, per a photograph;' · •\ · 

,, i' ~< ;; ' ·• ;. '~ ~ ·' \:. i 

• 3. 2. ChaJ;acte:ristics of the ~eutral .Stars 
~ n,! 

, The characteristics of neutral •'stars ·:are presented· in Tab;;. 
les 1+5~ 1The d~ta presented-in Table 1';are based on the: sample 
of 684'·pi()fi2X:e~on· nucleus collision events; in total 2341 'pro
tons and 3339 neutro~s are emitted in them. The neutroti 1regist
ration·:effiCiency111 i~ ··taken into account. The ratio between 
the·number''o:f the emitted protons and of the ·emitted neutrons, 
in the totaFsample of events, is' 0. 70;· it is as•. large as the 
ratio···. Z/ (A-zHc'where 'A =' 1-31 and z = 54 are the mass· and char
ge numbers of the Xe nucleus . 

. The dist:dbutiori of the neutral·· stars with various·niunbers 
.of the emitted protons• in them is :chanicterized·:in:Table 2.~r·; 
In' about I 95%' 'of· the stars, the': pion-ximori nucleus: collision· ... ; 
rea~tions.at.3.5 GeV/c momentum are accomparii'ed.tby, multiplici
ty's>f'the•emitted protons"is no more' than n 1= 3~·The proton 
multiplicity 'distribution: in the background pneutral stars~ is 
similar, Table 3. The distribution of the proton multiplicities 
in the neutral stars when the background stars are taken into 
account is shown in Table 4. 

Th.e background neutral stars could be recorded when the niul- . 
tiplicity n·P ·· of the emitted' protons: at least: equals .to l. Let 
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us suppose ,then that the photographs without the background 
neutral st~rs 'are.'in. fact the photogrci'phs with the' 0 prong 
neutral· stars~ Then~· iilstead of th~ n. distribution presented 
in'Table 3,·the proton multiplicity np distribution in.the 
background neutral. stars-will be as p~esented in Table 5. In 
the light of· such iriterpretation,the relatively significant 
number of the background neutral stars .is when np <: .. 3·, Table 5. 
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10 

Table 1. General information about·the intensity of.the neutron 
emission from target nuclei, in pion-xenon nuclear collisions at 
3.5 GeV/c-momentum. Designations:'n -the number of protons emitted 
in a colli~ion event, N ~ number gf collision evei1ts with a given . ev . . . . 
n , N b - the number of neutrons observed in collisions with a 
g~vennn°,sN -the number of neutrons in all collisions with a p n cor . .... ·. .. . . 
given n after correction·for the neutron registration efficiency, p . . . .. . . ............. ._ ___ , ·-· . . . ... . ........... . 
< nn >/ event - mean multiplicity of the emitted neutrons per colli-
sion eventwith.a give~,.np' / nN}Ie,_~e.r:tF,~!~'!ffi~.erot,~ucl;o~s 1 elllit
ted ~er ~~e~t w1th a g~ven,.np•.~,.nN :~·;=.< -~ri >·+ < np,> .. ;;lf;~~~~~.lue 
obta1ned by extrapolat1on ' · 

~ ~ .. ··; .O""!C! 

Nn obs· -.. N n··~or -- ... ::..::n.r?levent~:.::~n r[ /.event 

,. 
· ... 

122 ; . l 185 
98' 172 
81 \. .. 142 
76 123 
78 129 
70 106 
48 72 
45 . 73 
36 56 
12 18 
11 21. 

; 

: .. :) 

557 5.4)'~ 

518 5.3 
428 5. 3 
.370 -·· .... _ .. 4.9. 
388 5.1 
319 4.6 
217 4.5 
220 ;· -.4; 9 \ 
169 4.7 
_.52:~!:•·r ·"' .· 4. ~ . 

5.4)'~ ~ 
-l<• 

6.3 . 
7. 3 -~ 

··--7 ... 9 .. -· 
9:1 
9.6 

10.5 
· .. 11;9 

12.7 
13.3 
-15.8 

11, ., . 4 !0: ., ; 
63' .. ; 5.8 
30.· .-.~ 7.5 . 18.~. 

;.,15.0. 
~19.0 

12-,, .. ;. ;,1 . ;· .. :1 
13~ 2, 2 

;~ .. ·3·., 3.0. 
;r ; 6 ~~ 6: b ~ :~ '·, . . ' 

· .. I." ''·. ' ~ ;-. . 
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_Table 2. Characteristics of the rieutral stars 'registered 'in .the"'" 
1ao litre xenon bubble' dLiimber exposed to negatively charged pion • i: .. - <'i 
beam ~tr3.5 'GeV/c moment~. :Denotations:·tnp'-~ ~he number,of protons ,, 

-emitted in' the· star or the number of s'tar prongs;- N -.-:.number of,, , . , . . .. ev 
the pion'-xenon nucle~ 'coll_ision events•with np-prong -stars, Nn "";;--
th,e number of ··the' neutral· stars; Nev<np) -, the 'percentage of; t?e' -:;._;! 

11p -prong stars 

N -ev 

695 
269 > ,:: 

. f' -·~~~ , '90' .,. l•• 

•1' 

49 ,, 16 ·, ' ;... ~ ;. 

· .. t . ,t·,. 

7 .. ' ( 

2 ' .. 

~'! ::' 

N ±l\N · -n n 

1036 ,.J 33 
.·401 18 
'134 10 

73 ~f 
24 •. 4 
. i'o 3 

3 i 

. -~ •. 

N ev(np ) % 

61.6 
23.9 
•8:0 

. "4:3 
1';4 

T,a,?le_;~_,· P~ong multiplicitVhp ~.fstribution Nn(np) in _the back:: 
ground neutral stars;''Nn - the number of the neutral stars with 
the np prongs 

np -··-·-·-' --N n N (np·) % n . 

1 
2 
3 
4 
5 
6 

" ~ \ . 

,\. 

n 

'305 
.63 

5 
:4 
'1 
1 

80.5 
16.6 
1.3 
1.1 
0.3 .; 
0.3 

4. 'DISCUSSION AND RESULTS 
t)':: ,-

On-the basis of experimental data presented above, it may 
concluded that: ·- .·- ._ ~ · · .. · _ ' . 

-1 ·: The mean number < n >' of the ·neut~ons emitted in pion':-xe-. . .-. n . . . . ,. . .. 
nucleus collisions at 3;. 5 GeV I c momentum is alinost cons-~ 
! -','it does not depend on the multiplicity n of the emit.:.. 

:protons in .. the collisions; < n >.::: 5.1±0.9Pneutrons .. 
2. The . rati~ betwe-en the number nof the emitted protons l:np 
of the emitted neutrons l:n n in total sample of the pion-

4 

:~ 

iJ 

np 

1 

· Table 4. Prong multiplicity distribution ·in neutral" stars ·which 
the pion-xehon _ilUclear.collisions at 3.5 GeV/c mimentum' are accom
panied by; the _background _sta:rs,are taken into account: • Denotations: 
n '- the prong'inultiplicity·, N ,- :the;number of the neutral stars, . 

~(n;)} - the' p_e~c'~n.tage of --~~e 1 star~ with a given number: I}~ of. 
prongs' ' .. ' · · · ' · · · . -· 

' " ' : ~ . ;. ; 

-
, •• < 

: ; · ~ ri ± t.~ n . ,·· 
;-: . ,,;,·-

·N~(np) % 
f' 

; ""\ !: 

~-- - ~ ' : 
807 33 l. 

2.'. ' ~·-· -- ······-·"'"" '<! "· 354' ' 18 
57.7 
25:3' 
'9.3 
5.0 
1.6 
0.7 
0.2 

3 
.4 
5 
6 

:7 

n. p 

1 
2 
3 
4 
5 
6 
7 

130 10 
70 9 
23 4 
10 3 

,:.. ~ 
3 1 

Table 5 .. The distribution N (n ) of the b~ckground neutral star~ 
with various numbers; np of -:1/protons e~itted in them'· ' 

.. .,..,.;;. ..... 

Nn··-

1858 
305 

63 
5 
4 
1 
1 

,' ,, 

,. 

'i ;~ 

N''(n·· ),_-%· 
n p - ' 

83_.1 
13.6 
2.8 
0.2 
0.2 
0. !-
0;1 

xenon :nu~leus collisions is Ln /Ln = Z/ (A~ f)·;:' where A.-:. and z ._ . p n 
ar'e the mass and charge numbers of the xenon nuclei. 

:-·: •. 3._ Th~ ~e~nn~mbe~s.< nN > = < np >}.~_nn> of the nuc~~?ns 
·em1tted 1n ·the p1on-;-xenon.nucleus coll1s1ons··at 3·.-5 GeV/c mo
mentum is < n > =·8~3±o;9;·:·the··value 'of the'<''ri >is froin''our 
forn/er _ w?rk ~ 5 Ji.; ;~orrespofl.d.~~g'vkl~e .o: :.<~n N;,>: ~x~eCted :·~~\ou: 
calc,ulat1ons 1 ~'- ·1~.~:nN ~ =:= ·8.52.~~It 1s JUSt a~ l~rge <[iS the; 
value 8 ~3±0. 9 obta1ned here exper1mentally. Th1s agreement · 
means that the 1inimber. ~C~ucleoris emitted-'in' hadron-nuCleus·~·· 
collisions equals the number of nucleons met by the;'projectfle 

_-:, 
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100 ... . •. t~- .~ 
ni% 
-o n 

0 

10 

.. '1 

Fig.l. The percentage nn•Jn0 % distribu

'tion fo~ neutral stars with various num
bers t of'prongs, in pion-xenon'riucleus 
~~ll~si~ns at 3._5. GeV/c_ momentum. nn. -
. . . . ' ' .; . . • • 1 
number_of stars with ni.prongs, n 0 - to-
tal number of neutral stars in the samp
le under .. investigation •. The line super
imposed on the experimental distribu-· 
tion is fitted to the experimental points, 
with the parameters a = 158, a.= 0.92 ± 

. ± 0.02, x2 = 10.6, ndf ~ 5. . 

..J ; 100 
. z % ··z- .0 

0 

\ '-- ~ 

Fig.2. The per6entage Z/Z 0 % distribu
tions for the background neutral stars 

-with various numbers .t.of prongs. :z·~::. 
the number of stars with 'a given prong 
number t, Z 0 - the total number of 

. stars. in the samp1e under study. The· pa-· 
.r~ete~s for the fitting linf are: a= 

0.011 I I I I I l I 

=. 78.7, a.= +1.83 ± 0.4,~ X = 144, 
ndf = 4. 

.. o. 1 ~2-J. ~ t 
,_ ' ~- { 

hadron.'ar~und. its course in the intranuclear maHei:-, ai the dis-
tance as the nuclear force, range is 1 5 .' ~: 71 • :· · · . · ·.·• 

.. 4. The prong multiplicity .distribution' in the background 
neutral stars differs markedly from the distribution in.the 
·neutr~l stars produced by neutrons emitted,in the pion-xenon 
nucleus collisionsunder.the irivestig~t:ion, Tables 2::5, and 
figs.1· ~nd 2. · 

6 

5. The information about the dependence < nN >/event on the 
multiplicity n of the emitted protons in the pion-xenon nuc-. . ~P . . 
leus·collisions at 3.5 GeV/c.momentum contains the data on the 
matter den~ity distribution in~ide the target ~uclei 181 • 

6. The prong multiplicity n distribution N(n ) in the 
.neutral stars, the pion-xenon tfucleus.collisions lre accompa-
. nied by, can be described by.~ s'imple formula a·e -a. lip, where a =· 
= 158, .. a. ~ +0.~2 ±·0.02, x2 ~ 10.6, ndf.= 5, .fig.1. 

Shortly, we aie': in' t.he position to state 'that::• the neutron 
emissi~n fr.om target nuclei, induced by high energ.y hadronic 
pro'Jectiles proceeds according to the laws known 15 ' 71 for the 
proton emission . 

. ' . ""~. -,: .. ~::' 
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