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SUMMARY 

An investigation of the characteristics of rr0 -mesons, slow 
"+-mesons and protons emitted in rr+-Xe. interactions at 2.34 GeV'/c 

and in rr-- Xe interactions at 3.5, .5 and 9 GeV/c has been made. 
The results on the "0 -meson and charged particle emission 

multiplicity as well as the angular and momentum distributions 
of rr0

• - mesons, slow rr+ -mesons and protons were obtained. 
·It was observed that the average multiplicity of rr 0 -meson 

production decreased with. increasing the'number·of secondary 
charged particles, Nch , in "- Xe interactions at 2.34 and 
3.5 GeV/c and was constant at 5 and 9 GeV/c. 

At all energy values studied the class of "- Xe interactions 
with small N ch , in which the angular and momentum char.acteristics 
of rr 0 -mesons do not differ from the corresponding pion characteris
tics produced in " - nucleon collisions at the same energies is 
clearly observed, A simple statistical interpretation of these 
phenomena is given. An average value of kinetic energy of protons 
emitted in rr -Xe interactions at 2.34 GeV/c does not depend on the 
number Nch and is equal approximately to one half of the pion mass. 
The neutral boson resonance production (~0 ~ 2y, 3rr0

; .,o ~ rr 0 y) 
is mostly, observed only in "- Xe interactions with small secondary 
charged-particle numbers. 
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In this paper we·present the main results obtaibed in an 

investigation of the characteristics of 1r 0 - mesons and charge?

particles emitted in 1f -xe interactions at 2.34, :3.5, 5 and . ) - ,, 

9 GeV/c. The experiment has been carried out usinE(a xen()n 
; 

bubble chamber. 

1. Investigat.ion method 
·.;: 

,. 
The xenon bubble chamber makes it possible to,.cietect 

f - quanta at an energy above a :few MeV with an :efficiency of 
~ ' .. 

about 100% and to measure their energy with an accuracy of'.-1o-
. .. ' , . .. 

20% at a whole solid angle of their emission •. It. is .also· possi-
r 

ble to identify and measure the energy of slow ~1o-70 MeV 

·'ff+_ mesons and "' 15-220 MeV protons within ~ 4.'R" ~gle. ~: - . . ' , 

The precision in measuring the point coordinate's of tlie 
• > • s. . ~ • . • 

primary interaction and '( ·- quanta conversi~n i's_ · i;X :::::' · i;Y :::' 
-::: .0.1 mm , and KZ :: 0~ 5 mm. The accuracy in d~te~ining the,, 

angles is eql1al to .v o. 5 - 2° •. 

2. Experimental results and their discus.sion ··· · · ·: 
. ~~~ --

General information on .the obtain.ed eipex'i:inenta~ mate-

rial is presented in Table I • 

2. I. ii' 0 
- production 

c>.··· 

.\ '· '• 

A mass spectroscopic analysis of the k ~ 2 '( ;-quanta 

systems accompanying the 1f + - Xe interactions at 2.34 ~eV/c 
as well as the 1f- - Xe reactions at 5 and' 9iGeV/c :5hows that 

Tf 0 - .mesons are a main and almost unique source of '( -quan- . 

ta/1-4/. Wevertheless,in the interactions with a saall number 

of secondary charged particles. Nch ~ 311 ~31, a ~0- meson 
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was observed decaying into 2 '( and-~3 'If 0 • This. is particularly 

true for the i~t.e~act'i~ns with Nch":'·,o·;·1. Thu~~:·~'t:t:e--lf++ xe· 
. • ~ • ~ , r • . ~ •· .• . • 

reaction with the IN~):>er of r - 'l:~~t~ . k .. =.} and . Nch := 1 

N ° ~ 2"" .. R 11o = __ : t'l,: • .. =. (24.2_::!; 2~7)%. 

N'lr~ •. '. 
A simil~ value for the . 1f- - Xe ~-~ction -with.: N~fi =: 0 at 

9 GeV/c ls" ~qua<to R'},o~ 14%. As !ich' ine;e~~~e, R'l,o markedly 

diminiShes. The production of other'p~icles ~.fudied,whlch · 

decai _lot~. -wo..: m'esons D.Dd '( - qJ~~~. is much small. 

Table; II cpres~nts the mean multip;ic.ity of Jf0
- prod~ction 

in 1f -· xa. _inte:ac~ion~~-with di;fferent_ numbers _ :tf~h a;t: 2.34; 

~.5, 5 and 9_GoV/c. 
, • ., ... r- . _r-· .• 

Table :q:,-, " . •. 

Me.an m~tiplic1,'fiY <S. n.r'::>:- of_ 1f;.0~ p~ductio~ in, 
1f- Xe i~teract_ions :!fith dif~ez:ent numbe~_s · ~ch ,o_f _ 
secondary charged particles at' 2.34, 3~ 5,· 5 and· 
·•· .. ,· ''.c 9 GeV/c. :. ·:· ··, 

--~, ~ -·,"-

• :t ~ 

!': .- •. : 

~-· -~ 3f··· ....... 6 :- :;?!7· Total .;~; 

2.34, .. , o.50.+0.04 .~ :6.63 + o.04. o.39 + o.o3. o.51.:+ o.o2 
. ' ~ ~~.. ..- . -.:.- ~ - - . ~-. ... ·: . - -. ,_. ! . J ;; •. - • 

3.5 

5 

9 

1.12 :!: o.p_?: .~ 9·.9t. ~.9,-06: o •. ?G -:!:: o~qG., .o.aa ±.: o!q3. 

1.2 + 0.2 1.2 + 0.2 1.2 +.0.2. 
'1".'1·-~~ _;;_~.'<-'~·_ .{ ';:-;.:..:.~ -~;/::":._ •. ::..- ,;~- '~- ~,_-·_· 

1.5 + o'.2 . ---1;6 -+ O • .J; ·: 1.4:+ 0.2: - : :·· -- ~· - .. ·. ·-~ - ~·-:~ ..... ~ 

1.2 ... ~ 

1.5 

:!; 0.2 

:!; 0.2 

:-;~ .·;~ ~ ·-·~,:! .,_, ~:-~~~-~ ?-· ::.:~.·r· .. ~ ;.· .... : ~.~·. :·~. 

Table III is the distribution of the 1f+ . .,._:Ie interactions 
;., ~ . :, ·. ":" -~ .. , .. ' -~ -~' _."' .-. ~ .:; .. { --~ ·._·. ( ; ~ ~-

at.2.3~ GeV/c and ·'1('..;.,.., Xc ii1tcractions.at 9 GeV/c via the. 
• •. ~- .• !- ~ -(~ .;."" ..•. .:~• ... ··.~,. '·--. ' ·.' .• -. . , ... j:• .... ,' ... ;, ' . -.-: .·~;.c. 

ntllllber .. of p~'d;~~d ~1f~ : . .aeso~s., ' ~: ... · .. . . : . . . 
~:-,. · .~ · ,__ .~ ..... "'f,, :r~-~~r! .- ··.i.! .- ~- ._,.. : • 1 • • .. • • ; ·_ 

< / ... ~ <\, ~ ~!-· ... ~ .·. .. - ...... ~;; -~ ':.::.~-: 
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Table III 

Distribution of the ~+ - Xe interactions at 
2.34 GeV/c and lf -xe interac'liions· at 9 GeV/c 
vi~ the• number of produced 'W 0 

- mesons 

2.34 GeV/c 
(1T+ + Xe) 

... 9 GeV/c (lr- + Xe) 

• ('77.1. :!:: 5.8) " (45~5 :!:: 4.0) % . 

(18.0 '+ 2.4) " 

, .. (4.5 ~ 1~1) " 

(36.5'+' 2~0)" 

(10.1.£ 1.~) " 
( 0.4:!:: 0.3) " ( ?.4 :!:: 0.8) % 

0 ( 0.5:!:: 0.4)% 

" 

From the presented data one should conclude that the mean 

multiplicity <. nrro7 of Tf 0 
- production in 1f + Xe interactions 

decreases with increasing Rch at 2e34 and 3.5 GeV/c andre

mains constant at 5 and 9 GeV/c. It is ·of interest to note that 

in the 1f p and pp rea~ti~na ~- n ii 0 7 is also constant with 

increasing Nch at energies above 10 GeV but below 20 Gev/5/ 
. ·' . ~-·- . ""'"- .•. - . " . ._.. ~. ,. -· '"'' ... - ., . . ~ 

while. in .lr- - C interactions a.J; ~ GeVIc <.. n 'lro7 grows with 
u /6/ 
"'ch • 

The rate of a larger nuaber of 'If 0 
- mesons emitted increa-

ses with increasing the interaction energy. 

2.2 Interactions accompanied by a saall nuaber 
of charged particles lich · 

_Those of a large number of.the interaction channels of fast 

:Pions with Xe nuclei a.re· of especi;u-- :l..ziterest which. result in 

a small .. number of secondary charged parti.,;.les t:llli tted. At the • 

same energies these interactions do'not differ :trom'the corres

ponding pion-nucleon ones in the characteristics of secondar,1 
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particles: angul.ar and momentuJil di'stributions of n- 0
- mesons. 

average numbers of secondary particles. and proton momentum dis

tribution. The D~~er . ~Ch·. is a selecti~n. crit~rion, of these 

so..;called quasi~free inte:l-actions: H~h:~· 3 'iD TF + '+ xe interac-

tions at 2. ~ GeV /c and H
0

h _f: 4 in , Tf- + x;e interactions at 5 

and 9. GeV/c~ In Table IV one can se-e the pBrts of quasi-fre~ 
- ·-· ·~ - -- . --- "' ' .. 

interact~ons rel;ativel;y all the inelastic_ reactions lT + Xe at 

various energies. The same table presen_ts similar data which·were 
' •" '' ' "< • ', ," L ~ 

obt~ed _us~g .nuclear pho~oemulsiOIJS•. 

Table·IV 

Fraction .p of quasi-free interactions in different 
reactions and at various energies. 

Reaction, 

lf + + Xe 

Tr- ~ Xe 

-·lr::.. +'xe 

p +'emiil.~ion nuclei 

< lf- ~· e~sion nuclei 

1f- + e~sion ~uclei . -~, 

Jlomentuni 
(GeV/c) 

2.34-

5· 

9 

. 8.7 
_ ... ~ 

16.3 

67 

p (%). 

33~6 ± 3.0 

27.2 :!:: 3.2. 

27.2 :!:: 3-'7 
'2.5/7/. 

.(39181 

~~7/9/ 
~. 

From the 'presented data one can conclude that the fraction 

P of quasi-:-free. interactions via. the reactions· of .lf -aesons with 

Xe nuclei ;s ~ inde~~ndent; within._errors, of the.- energy 8nd is 

equal appro:rlmatel;y:to 30% of. all If+ Xe inelastic reactions. 

This conclusion doeJ:!·not· co-ntradict the correaponding!data obtained 

by ..leans. of nuclear em.ulsions/'?~9/ ~:The perfo~ed analysis of · 
-~ . 

· tl!e;probabilit;y-:tunction of meson production ·on sin&le intra~ 
' . ·-. -

7 
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nuclear nucleon, when secondary inelastic interactions !U'e:· 

absen~, ~ho11is/11/ t~at a. similar pictur~ shci;;_ld hold for ~eMum 
and . heavy nu~l~i at higher- en-er~ies as well~. The calcUlated 

fractions of quasi-free interactions in the 'Tf + + Xe reaction 

at 2.)4 G~V/c is equal to 29%1111. This is in good agree~~nt 
_with experimental data. 

2. ). Charged particle. emission 

Table V is the Nch distribution of IT-- + _Xe interactions 

with an arbitrary number of r ~ q~anta and with k = 0 at 

3.5 GeV/c. 

I 

Table V 

Ncb-distribution of 1f+ + Xe interactions-at 
~·5 GeV/c. k• is the number of f- quanta -

2 3 4 5 6 ? 8 9 10 11 .. 12 13 14 To-
tal 

0 8 230•) 206 213 217 209 196 218 169 145 93 50 21 10.9 1994 

.A.ll 72 462 598 668 64-5 608 488 466 334- 264 166 82 35 11 9 . 4908 . 

Taking. into account the peculiarity· of' quasi.;.free. interac

tions (2.2), the following probability density function/10/ was 
. ". . - . 

proposed for describing the obtained_e~erimental dat~: 

r(rwi) = (0.3· ~: ~:~rO:(i,_ ~).,_)(l-~ )+' ~:J;.~:, ; ~I) 
wb:ue d1 n. is the :rti;onekker syaool:· ~ additio~, lt ~as s._li.p~o
~ed -~hat -~he particle emiasioJ in If;;. +. Xe interactions ~itll a 

~ • ~- ; \ , . ~: ·-: .I ; ·.y\ 

•) Events in which the scattering• angle .projection .of a charged 
particle onto the photograpllf.ng plal1e is not 'less than 5°. 

8 

large number of secondary p_articles is also described by the 

Poisson function. The coefficient cL takes i.Dto account the 

elastic.scattering events,at an angle of ~5°. 

Function (I) satisfactorily describes the distribution ~f 

the 1f+ + Xe interactions studied via the summary number of par

ticles at different k. Except for the case with k = 0, the 

agreement is .nch worse for the corresponding Nch distributions 

of secondKr,1 charged particles. 

2:4. Proton emission 

Table VI presents the mean values of the momenta and for

ward-backw~ aaymmetry coefficient of proton emission in the 

Tf+ + Xe interaction~ at 2.34-GeV/c. 

Table VI 

Mean Talues o_f the proton momenta P. in the Tf+ + Xe 
inter~ctions at 2. 34 Ge'V/e and the ratio of the forward (11') 

to the backward (B) emission rate. . 

•eh ~ 3 4•6 7•9 ~10 ,._ 

11 KeV/c 360 ± 20 ).a± 17 350 :!: 15 322 ± 20. 

11'/B 2.4 ± .0.2 1.6 :!:·0.2 .. 2.0 + 0;;2 
- ·!r 

The mean momentua .of protons ,emitted does not depend on Nch 

and corresponds to the kinetic energy of protons appro::dmatel;r 

equal to one half the pion aass~ The.proton emission rate strong

ly grows with increasing Nch. The simplest explanation of this 

phenomenon.lies in the assuaption that the nucleon emission in 

the considered interactions occurs mainl1 due to two-nucle~n absor

ptioD of slow ploDs inside the nucleus. That the emission rate of 

7T 0 -mesons does not increase and their energy aarkedly diminishes 

with increasing N
0
h is not in contradiction with this assumption. 

,!;9 
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