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I. INTRODUCTION 

In sea r c he s f or p l au si ble me chani sms t o exp l a i n t he pa r ti c l e 
production i n hadron- nuc l e on co llis i ons, in nuc leorr- riuc Le on col
lis ion s in pa r t i cu l a r , cha r ac ter is tics of the coll i s i on r eac t i on 
produ c t s ap pea r ed af t e r re l at iv e l y l ong time af t er t he col lis i 
on - no t s hor t e r t han th e l if et i mes of r eso nance s - a r e usu a l l y 
a nalys ed . The on l y d i rect ly observa b le quan t i t ie s t hat one can 
ob t ain are t ha t on the fina l sta t e pr oducer:l; us i ng them, ind i 
rec tl y some in f or ma t ion abou t wha t ha ppened in t he ea r l i e r s t a
ges a f te r t he co l l is ion can be ob t a i ned. For examp l e by look i ng 
a t t he corre l a tions be t ween the vari ous par ti c l e s , one ca n dedu
ce i f the part i cl es ar e deca y produ ct s o f so me sys t ems . But , t hi s 
kind of ana l ys is bec omes mor e and ~ ore di f f i cu l t as the ene r gy 
of co l l i ding hadrons an d subsequent number of produced part i c l e s 
i nc rease s . I t c annot be exc l uded a pr io ri that th e knol.'I1 par tic 
l e s a nd r e sonance s are the decay product s of some sup e r - pa r t ic l e 
or s upe r - pa r tic les creat ed firstl y, a s well. 

In the anal ysi s o f the dat a a nd in th e i nve ntion and formu la
t i on o f model s of the particl e pr odu ct i on proc ess , human ima ~ i na 

t i on p l ay s now an import an t r o l e f i r st of a l l , t he r efore . Fa ced 
with new expe r ima n t a l f acts, a physic i st sea r c he s fo r n new mo
del o f t he proc e s s. But , he is s urpris ed a l mos t every da y by new 
expe r iman t a l f a c ts . Moreove r , th e new f act s a r e a ga i n and a gai n 
fr om t he f ina l ou t co me onl y ; the se s omet i mes i nc ompre he ns i b l e 
f ac t s are in addi t i on o f t en i nad equat e for an ex p l a nat i on o f the 
par t i c l e produc t i on proc e s s i ll i t s i Jl i t i a l !;t a ge . The human ima
g ina t ion does no t manage to f ol l ow t he i nfe r nal r nc e. New ex pe r i 
men t a l i nf o rme t i on abou t t he part i c l e produc t i on p r oces s i s ne e
ded, in f orma t i on o f ;) nt'w a nd adcqua t o qua l ity , i n pa r t i c ul a r r e
l eva nt to the t ime i n t e r va l s milc h sho r t e r tha n t he li fe ti me r 
o f th e most sho r t - 1i v i nj; pa rt i c l e s known IIp t o now, and wi t hin 
t he spat i a l d i s t an ces 7. much sma l le r t ha n the pr oduc t r · c . Y. 
whe r e Y ~ E /m -( l-v / c) I I:! nc co unt s t he Lore ntz d i l a t a t i on of 
the l i f e t i me i n t he l a ho r a t o r y . 

The t ypi cal wid th r of the mos t sh o r t - l i v i ng pa r t i c l e s - of 
t he s t r ong ly dec ay ing res onanc es - i s oE t he o r de r o f a f ew hund
red MpV, whi ch corre sp onds t o the s hor tenest dec ay t i me r . of 

1'1' 1 • • s 
s ome , _ .. _.._ ::0 the sma l l es t sp a t i a l d ..s t ance s z of son1e 
10- 13 em i n t he labo ra t or y , whe n Y '" I . \.l i th an i nc r ea se of the 
inc i dent hadron e ne rgy, mo s t par t i c l e !f: ; ,~ql~ r~il1 g f rom a had r on
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nuc l e on co l lis io n b e c ome t o b e r e lat i v i s t ic ; a b ov e ten s Ge V the 
fac t o r y is s ome t ens for the i n c i d e n t p r o t on s a nd some hundreds 
f or th e inciden t pions . It l ead s t o th e in c r e as e o f the 
an d z_ 

So , the q ualitatively n ew and a d equat e exp e r i me n ta l i nfo r ma 
t ion whi c h has t o b e u sed f o r e l uc i d a t i on o f t he pro c es s i n qu es 
t i on s h ou l d b e ob ta i ned a t t ile time s T < 10-2:1 s e c on d s wi t h i n 
t ile s p a t ia l d i stanc es z S 10 - 1a em , Th e ; e s pace d i s t a nc e s a nd 
t i me i nterv a l s we sha l l c a l l " s hort " l a t e r. Expe r i ment a l i nf o r 
mation a bou t the p a r t ic l e p r odu c t i o n pr o c e s s o b t a in e d a t la r ger 
ti me i nt e r v a ls and s p a t i a l d i s t anc e s o n l y m~ y y i 0 1J f a ls e i d e a s 
o f t h e c o l l i s i on r e a ct i on p r od uc t s n nd o f t ile pan i c l e sy s ter-a 
ti c s i n a wh ole a s we l l . 

Th e c o ll i s i on r e a ct i on p r o du c t s a pl"' il r ,-,d i n i t. s i n i t i a l s t a 
ge - wi t h i n th e short t im e i nte rva l s .ui. l : ~ I' :l l i a l d i st anc e s 
s ho u l d i n t eract wi t h a su r r ou nd i ng II l1 'd i 1111 1 .m d til e int er a c tion 
must produc e ob servab l e ef f e c ts , i r n ll l ' w i I I s t ud y t h e se pro
duct s e xp e ri me n t a ll y. Th e s u r r ou nd i d ug II1l:diuP1 may be th e nucl e
a r o r nucl eon matt e r on l y ; we' cal l 1\1' 1', ' " nuc l e a r matter" t h e c o l 
l e cti on o f nu c l e on s k n own i n 11: I U I I' l ' 1I~1 t.lu- atomic nucl eus , t h e 
term " n uc l e o n matter" i s u s r-d Ill' r <' 1'0 1' t lu- i nne r content o f the 
nuc l e on . Th e onl y t ool ava i l n b l e nn w t.o r cn l i z e s u ch e x pe r i men ts 
is to a pp l y mas siv e t a rge t nuc l i- i :1: ; I" i n e d etectors, there fore. 

Th e s ub jec t matt e r i n t h i s p.rp u r i s til present result s o f our 
expe ri me n t a l s t ud y of the s p3 r:f.; - l i nu- d e v e lopme n t of the parti cle 
producti on proc e ss in Ila d r o n i c c il l 1 is i ll ll ~ at it s initi al s t age . 
In the s t u d y , ou r own e x pe r i me n ta l ,J:!t:1 o n pion-xen on nuc l eu s 
c o ll i si ons ob t a i ned a t 2- 9 Gc V/ (' IIIOIII"IIL: Utll /1 - 15/ a nd the we alth 
o f e x pe r i men t a l dat a on h a d r o n- nil( 1 ' ~ lIs / W - ::' :3 ·and had r orr-nu c l e -: 
0\/ 24, 2 51 c o l lis i on s co l l e ct e d in ,'hl' pa s t; by o t he r phy s i ci st s 
we r e u s e d . 

In the s t u d i es we a pp ly ma ss i v e Lnr g e t nuclei a s det ector s 
or indicat or s o f the pr o per t i e s of t lu parti cle production pro
(' ,' S S d evelopment wi t h i n t im e in t.e rvn l s T <; 10 - 2 2 s a n d s pa t i a l 
di s t an c e s z S 10- 12 ern, For s i rnpl i c i r y , we a s s ume t hat the tar
ge t nucl ~ i are a t r e s t i n t h e labo r atory . I t wi l l b e conveni e nt 
I <I def i n e here t h e i nc i d e n t ha d r o n e nergy as " h igh " if it i s 
Ii i l',hcr t ha n the pion prod uct i on t h r e sho l d . 

NE'l' I IOD 

1\:; Ii :,, ; IH·,!n s a i d a b ov e , coll i s i on s o f h a d r on s wi t h at omic 
\III ,' I . , i p ro v i rl« t h e on l y t ool a vai l a b l e wh i c h allows , i n a di r e c t 
' J, ' \' . II ... " xp l"r illlc ntal s t u d y o f t he spac e - t ime de v e l opme n t o f the 
" , 'II i , I . , 1' 1', ,,11 11" 1 i ou p roc o s s wi t h in t i me in t e r v a l -; 10 - 2 2 s .nd 
,,, ,I I i ,I di !': L.IIIl'" . 10 - 1 2 ("111 a nd , t h e r c f o r e , t o s t l~y had r o ns in 

' 1 11 1 11 1I, l t ; (" : l lI t i , TIll" ,-I :, illl t hn t, tn.i s s i v e n ur- l u i may s e r v e a s s u i 
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table fine detectors whi ch c a n in principle provide pl ausibl e 
information about the phenomena in question can b e found in ma
ny p aper s on hadron-nucl eus c o l l is i ons at high energies ! 2 6 - a 9 ~ 

In this s e c t i on , ~e will s h ow h ow the at omi c nu cleus may be 
applied in fact; we start our consideration with a definition 
of th e atomic nucl eus as a d etector a nd then we wil l dis cus s 
shortly a bo u t the method o f a pp l ica t ion of thi s d e t ect or in 
practice. 

2, I. Th e Atomi c Nucl eus a s a Detector 

A massiv e at omi c n u c l e u s , u s ed a s t he t a rge t in hadron-nuc
l eus c o l l i s i on s and trea t ed a s a c o l l e c t ion o f many nuc l eon s 
spatial l y distributed i n a d e fi n ite man ner ' lit h in a d e finit e 
spat ial r egion, may b e i magined a s a l ens- sha ped " piec €''' o f 
nuc l e ar matter wi t h definit e maximum t h i c k n e s s \ na x • mean thi c k
n e ss <A> . a nd t h e th i ckne s s A(b) a t the d i s tanc e b f r om th e 
nu c l eus c e n t e r / aR.4 0/ me a sured i n numb e r o f nu c l eon s p o r some 
a r e a S f m2 - i n un its nu cl / S, f ig - I. Suc h p i e c e o f nuc l ~ n r ma t 
t er i s in f n ct a st a c k o f ax i a l ly c e n te red d isc s of nucl ear mat
t er with v a r i o u s di a meters a nd thi cknes s e s . A had r on , i f f e l l 
o n i t, ma y i n t e r ac t in sid e it and t h e re a c ti on product s ma y 
in t era c t t here as we l I g iv i ng ri s e t o s ome o b s e r v ab l o pb e nomen a 
nu c l e on emi ss ion , p a r t i cl e pr oducti on, nucl e nr fr a gme n t e v a por a 
ti o n , e t c . It h as been s ho wn l38.40- 4:11 t h a t c ha rac teri s ti cs of 
t he o bs e r ved ph e nome na c an v ar y in a d e f in it e ma n ne r , d e p e nd in g 
0 11 th e c o l l i s i on i mpac t pa r a mc t e r b a nd on some r e acti ons oc c u r
ri n g i n si de t h e nucl e ar mat t e r p i e c e . 

I n s ho r t , t h e a t omi c nu c l eu s u s ed a s t h e t a r get i n ha d r o rr
nu c l c u s c o ll i s i o n s may s o r v e i n p r i n c i p l e a s ,l r i n l' d o t c c t.or . 

It s si z e r" can b e ' 4 41 fr om 2 up t o - 10 f m, r ou g h l y 

\ .~ " La AI ' :l fm , ( I ) 

whe r e II i s t he a t omi c ma s s n umbe r. Owin g i o hi g h d c n s i t y p nu c 
l e olls/ f m] o f n u c l eo n s inside t h « at.orn i r 1 1lJ " I ('u ~ ; , t.I u, nu c l e a r 
d e t e c to r i s « x c l u s i v c l y ef f i c i e n t - LIIl' ha d r on- : wh i rh ap pe a r 
i n s i d e it i n r e r a c t i n i t u i th h i vh i'f ri l' i (' I1 " Y lJ~ l ' : I U Sl.: t he mean 

'fU- . 'I'll. at.ouric. nucleus a s 
l iz. I ,/ w Ic,.1! ' tnat.Le r: Its lab " . The 
~ / 'om; l;m' I, i on, i r the t hickneee 

.0 i f; exprecned i n" nur:llfrn 2 - up

;< per; typ7:ea l dependen ce of the
 

nuc l ear' rna t ter- l aye p t lrickneee
 

- ~~ A(h ), ex pY'c s s ed i n nuc l/fm 2,or;
 
o b (n"J the impac t: parame tiev b - lO/JeY' . 
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I r. ' ,· 1';l l h IIIr .my h. rd r on -muc I e on c o l i i s i on is
 
I
 

.\	 (2) 
tr » 0 

101 

whc r o I' = 0 . 108 nuc l /fm:l an d 0 [0 1 - the t otal c ross- s ec tion 
m:!/ nucl . For pro t on-nucl eon co l lis ions ).. .. 1.5 fm, for p i on

nu c l c-o n ).. ." 2 fm . 
'Ml e s i ze ( 1) and the mean f ree path ( 2) hav e t o be disc uss e d 

i n conne c t i on with t he durat i on of the s trong interaction ' s . 
The c ha rac t e r i s t ic t ime of the interaction is ' s = I fm/c '" 

3 .10 - 24 s, and t he c ha rac te ristic spa tia l di st ance z = , · c '" 
- 13 '" 10 cm. It shoul d be borne in mind that wi t h inc rease so f 

t he i nc ident hadron ene rgy , most of part i cl es produced in had
r on- nucl eon co l lisions become to be r el at i v i stic, and the i r 
l i fe t i me s become Lor en t z di lated . 

In any of de t ectors some phy s i cal proces s ac company i ng the 
passage o f part i cl e s thr ou gh a medi unl i s us ed as a basi s of i t s 
ac tion; s uch proce s s shou l d pr oceed i n a st r ic t ly determi ned 
manne r and must be s i mpl y obs erved. In t he case when an a tomi c 
nucleus i s to be us ed a s a de t e c tor t he basic physica l proc e s s 
i s t he emi ssion of fas t nu cle on s - of k i ne t ic ener gy f r om abou t 
20 up t o ab out 400 MeV, r e s ogn i zed as t he s o- ca l l ed g-track l e a 
ving parti cl e s in nuc lear emu l s i ons . We wi ll ca l l these fas t 
nuc leons s i mply as "nu cl eons" l a t e r . 

Our investigat i on s i n deta i l of t he nucleon emiss ion proce s s 
i n haclr on-nucl eous coll i s i ons / I - 15 ,:J8 ,4 1 - 4 :31 a l lowed t o co nc lu
de that / 4 3 ,4 5 / : 

I. Any hadron with a ki ne t i c e nergy hi 8her than the pi on 
production thre sh old causes nuc l eon emission f rom the t arget 
nucl eu s in trav ers ing i t a long a path ,\ fm; t he number UN of 
emi t t ed nucleon s equa ls the numbe r o f nuc leons co nt a i ned within 
the cylindrical volume v = "D5'\ fm:! cente r ed on X in the t arget 
nucl eus: 

" N = " D(j 
<) 

'\ <p > .	 ( 3) 

whe r e 0 0 f m i s t he d i ame t e r o f t he nucl e on and <o > nuc llfm 3 

i s t he mean nuc leon densi t y insi de the vo l ume v ; relat i on ( 3 ) 
Illay be expres sed simp ler and more conv eni ent l y fo r applic a 

i Olls 

liN	 x , S • (3' ) 

who.: n ,\ i s ex pr e s s ed i n nu c l I S and 8 =" O~ fm2
• 

11. In pas s i ng thr ou gh nuc l ear matte r , an y had r on wi t h kine 
i ., cn e r gy l a r ger than the pion produ c t i on threshoul d l os e s 

mono ron i cu l ly i t s ki ne t i c ene r gy; t he e ne r gy I\E MeV o f t he 
h.nlr ou l os t on t he pat h l e ngt h 1\>' nuc l /S equa ls 

h 

ilE h	 = (h • M • 4) 

where ( h MeV/(nuc l / S) de pends on t he hadron i den t i ty . 
Usu al l y , t he mUl t i p l i c i ti e s np of pro t ons are ob ser ve d on l y 

and re la tion (3' ) shou l d be rewri t t en for t he pr otons : 

n = n • ~ == ,\ • 8 • ~ prot 18	 ( 5 ) 
P	 N A A • 

wher e Z i s t he cha r ge numbe r of t he t a rge t nuc l e us . The quan
t ity 1\,\ in fo rmu l a (4) sho u l d be t he n i n pr otons / S and ( h i n 
Me V/(pro t /S) . The qua ntity ( II is measu r ab l e one / ,1:1,4 6 / . 

I t shou l d be ment i oned here that thl' pr o t on-neu tron ra t i o 
wi t hin atomic nuc l e i a l ong hadr on pa t h i n them can be :lc cep t ed 
as amoun t i ng Z / (A -Z ) i n ave r ag e ; a s W' .' c an conc l ude f r om our 
exp e r i ment s th i s r a t i o f l uc t ua t e s i n ,'I de f i n i te manner , an d the 
flu c t i a t ions are mea sur ab l e ones . 

It has t o be borne in mi nd t ha t t Ill' mon o t.on i ca l l y pr oc eed ing 
nuc l eon emi s si on do es not depend on t.he p r os c-n c e or ab sence 
of the pa rt i cle product ion proces s in a co l l is ions ; t he monot o
n ic emi s s ion i s di s t ur bed usua l l y in abou t 10% o f the hadron 
nuc l eus col l isions , it i s t he sma ll e s t one , al mos t n egli~ i b le 

pr act i call y i n ab ou t 90% o f all co l l isi on even ts - whe n Ill" S ~ 

:s Opr ot / S, where Oprot/S is t he di ame t e r of th e t a rget nucl eus . 
I t fo llows , th e r efo r e , f rom what has been sa i d n bovr-, t ha t 

an a tomi c nucl eu s mas s ive e nough may se r ve i n f a c t as :l f i ne 
de t ec t or fo r s t ud ies of e ffe ct s t ak i ng pl a ce wi t hi n s hort ti me 
i nt e r va l s and smal l sp a t ia l d i s t ances. 

2 . 2 .Met hod	 o f Inve sti gat i on s of the Pa r t i c l e Pr oduc t i on
 
Pr oce s s Usi ng Ta r ge t Nuc l e i as Det ecto r s
 

The c larifi ca t ion of t he physi cal mean ing of the observed 
mul t ip l icity np of fas t pro t ons emi t ted i n ha dr on-nuc l eus coll i 
s i on s pr ov i ded new pos s i b i li t i e s fo r a new i n t e rpret a t i on of 
t he da t a obta ined in had ron-nuc l eus col l isi on s t udie s . I n par
ticula r , t he i nf or ma tion abou t t he thicknes s o f nuc l ea r mat t er 
l aye r t he had r on fe l l on in a col l ision g i ves t he possib i l i t y 
of de t e r mi ni ng the col li s i on impac t pa r amete r , wha t in turn a l 
l ows one t o t re a t t he t a r get nuc l eus a s a nuc l ea r ma t te r slab/~O l 
Such a t reatme n t a llows one t o cons id er r e sul t s of i nves tiga 
ti ons o f a s amp l e of ha dr on- nuc leus coll i s i oris a s r esul t s ob
t ai ned in an a bs orp tion experiment i n whi ch a beam of i nciden t 
hadron s fe ll on t he sh ee t s o f nuclea r ma tt e r of de fi nite th i ck
nesse s >. = I, 2 , 3 , . .. , np(O ) p ro tons / S, of def inite mean th i ck
nes s <,\> pro t ons/S; and de fi n it e maximum t hi ck ness Amu pro tons / S , 
whe r e nr ( O) i s the proton mult ipl i c ity when t h~ inci dent had ron 
cour se is a l ong the diame t e r 0 , 
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Obvi ou s l y , de f in i t e re l ations be twee n t he i npu t and ou t pu t 
in hadron- nu c leu s c ol l i s i on s ma y he obta i ne d th i s way ; t he s e 
r e l ations ma y be e xpre ssed i n te r ms o f c o r re s ponding i n put 
ou tput re l at io ns i n ha dro n- nu cl eon co i l is i o ns . 

I n p r a c t i c e , an appl i ca t ion o[ the t a r get nuc leu s a s a d e t e c
t o r wi l l c o n s i s t s i n t he pr e pa rat io n o f v a r ious ou t put c harac
t p r i s t ic s - c h a r a c ter i s tic s o f th p rea c ti on pr od uc t s, o f p r o 
duc e d p ion s p r e domi na n tl y - in dep endenc e o n the thic k ness 
A ~ n / S o I the nuc l e a r mat t e r l a ye r i nvo lved i n t he c o l l i s i o n s 

II . [	 I · Iu nd e r t e s t i ng , a nd a <l s e arc h f a r r e n t i o n s re twe e t th e ou t pu t 
cha r ac t e r i s t Lc s in had r o n-nuc l e us r o l l i s i o n s a nd c o rre s pon d i ng 
c ha r a c t e r i s t ic s o f c o l l i s io ns of th e s a me had ron wi t h nucl eo ns . 

Con t r a r y t o the common l y k ;1OHn op i nio n that 11(:' \" in format i on 
a bou t h a d r on-nucl e us c o l l i s i o ns wi I I he ob t a i ned p r odomi na n t Iy " 
a t ex t remely h i gh e nergies , mu c h h i ghe r t ha n a bout 10 GeV. 
T wo u l d l i ke t o empha s ize t hat jus t a t cn e r gy r eg i on from t h e 
p io n produc t i o n t h r es ho l d up t o abo u t 10 Ge V, when t h e c h a -
r nc t e r is t i c times' s a r e no t Lo ru u rz-id i 1 ~ ] L (' d hy much , the i n f o r 
ma ti o n o b t a i ned i s of d e c i s i ve i rnpo r tn u c e : I S we ll , b ec au se a t 
th e s ma ll e nerg ie s of i nr i don t l r.id r on s th e r e a c t i o n p r oduc t s 
ma y be wi d e l y d i s t r i bu red t h r ougl. t hr- s pace wh a t a l l ows o ne 
to de t e c t t hem si mpl e r hy I11(' UI1 S (I f t he t a r ge t nu c l e u s u s ed a s 
a de tect o r. 

He have st a t e d a bo ve t ha t til e a t omi c nuc l eu s may s erv e as a 
de tec t o r r e s pon s i bl e t o p r ov i d« i n f o r mn t i on a bout s pa ce - Lime 
de v e lopment o f the pa rt i cl e p r llduc tion proce s s wi t h in t he 
t irne s s ho rt e r tit a n 10 - 2l? s a nd s pa t ia ] d i s t ance s smal le r t han 
10 - 12 em. Bu t , s uc h de t e c to r ca nno t wo r k a s one i s ol a t e d nu c l e -: 
us a nd , mor eover, i t i s c omple te ly de s troye d i n a ny of c ol lision 
re ac t i ons a nd i n t he ne xt co l lis i o l1 o t he r i de n t ica l nu c leus is 
us ed . Thi s f a c t , t oge t he r wi t h t he o pe r a t i.on p r inc ipl e o f such 
f i nc de t ec to r , r e q u i r e s s ome e xclus ive c ond i ti on s in wh ich i t 
c a n work s u c c essfu l ly. Na me ly, t he at omi c nuc l e u s mus t he i nsi 
de track-se ns i ti ve me dium of t he 1P i s o lid a ng l e geomet r y, where 
nllr l e o n e mi s si o n a nd produ c e d par Lic le s , p i o ns i n pa r t i c ul d f , 
ma y be ef f ec t i v e ly r e co r ded and i d ent i f i e d . 

3 .	 SPACE-TINE DEVELOPMENT OF TilE PART r CLE PRODUCTI ON PROCESS 
lIj I TS IN I TIAL ST AGE 

Expe r i men t a l i nves t i ga tio ns of t he pa r t i c le p r od uc t i o n nro 
c e s s i n i t s i n i tial s tage - be fo re r es onan c e decays - ha v e been 
und e r t a ke n by u s in p i on- x e no n nuc l eu s co l l isions a t 2-9 GeV/c 
moment um, u s i ng 26 a nd IRO l it r e xe no n bub b l e chambe r s ' 4 7 ,18, . 

I n t he xeno n buhh l e chambers t he massi v e xeno n nu c l ei '1 Xe l :3 1 
we r e u s e d a s f i ne det ec t ors f o r t he s t ud i e s i n q ue s t i o l~); t h e 

c ha mbe r s f u lf il l e d a l l t hc c o ndi t io ns i n wh i vh t he a t omi c nuc 
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leus s hou l d work as such det ect o r . I n th e c hamber s almost a ll 
emi tted p r o t o ns and a lmost a ll genera ted p ion s are regi stered ; 
i n par ticul ar , t he neu t r al p i ons wi t h kineti c e ne r gy E~ ", o equal 

or larger 0 are r e g i st e r ed with a l rno s r 100;: e f f i c i e ncy ami the i r 
energi e s and mome n t a , and emi ssion :lng l.es are measurab l e wi t h 
a n a c curacy high e nough . Because t h e .mgu l a r a nd c nc r gy di stri 
bu t ions o f tl u- nc u t.rn l p i o ns i n c o l I i s i ons un de r s t. udy a rc t he 
s ame a s t he d i s tr i bu t i ou s f o r the c !J;Il"/'.c d pions, as ha s bee n 
proved e xpv r i me ru a l l y , i t i s po s s i h l o f o r I III' s Ludy o f t he p i o n 
gene r a t i o n p r oc e s s t lJ u s c Ch.11-;II"I"I-i st iI'S o f t hr- produ c ed ur -u t r 
ral pi o ns onl y. 

Later, c ha rac t e r i s t ics o f [ he pion I' rllcllll' t j " u i n p ion-xe no n 
nuc leus c o l l i.s i o u s w i l I he n nn l ys c-d i n d"I'l'lIll l'IH'I' o n t he n ucl c-> 
ar rna t t e r I ay c r t h i c kne s s A prot llns/ S i nvo l vvd i ll ,. r-o l l i s i on . 

The mos t l y a ccu r a te aua l y s i s i s minll' or t i ll ' p i o n-xc non nlll 

leu s c o l l i s i o ns a t 3. 5 CeV/c mormn tum; .u r h i n monu-n t um, t lu 
par t i c le c r en t i on oc c ur s i n te us i ve l y " Illlllg h .uu] 1 111 p r orlu c- t-d 
p i o ns a re wi de l y s p re' a d - i n i l' / ("r ;I !' .(' I h r ollg ll t lu - emi s s i o u r1 l1gll' 
of abo u t 70 rle g r os s - which a I l "IV ::; ,1\11' I I' ld ,~ ; , 'rv(' \~ III' tlll 'r t lu
pi on s a ppe a r i uimc d in co l y i n s i d r- LlJ(! pn r ont 11U(, !l' IIS Ill" 11111 . Oil 
th e ba si s o f the da t a o b t a i ne d a t 3 . 5 (;c v / c' monu:11I. lJl11, d. i t n 01 1 

sma l l e r a nd l n r ger rnomc n ta - up teo rnnx i ma l nu-t in c- xpr-r i mc n t s 
ava i l a b l e i n rna ny works may bv an a l ys e d i n t i ll' new 111,11111 ('1-. 

l'h i s way, rh e de vc l o pmen t o f t he pn r r i rl c p r od url i o n prnc l' SS 
c a n he! a nal ys e d wit h i n a l l. t he i ncid en t e ne r gy r , l n ! ~ l' , s t a r t i ru; 
fr om ti ll' p i o n p r od uc t i on t h re s hold . 

l.r- r u s .m .i l v s o in t h i s iI S 1" ' l" l " :-:p,,:- i llll' J' l a l d il-
L ] 1- H••'1 1-'l:l .4 11 fir st ly . 

3 .1. Charac t e ri s t i c s o f t l1l' P,lr t i," I I' I'r(\(ll lC' t i llll I'rll" (' ,;:; 
i n P i o n- Xc' no n Nllc le u s Co l li ,; i l' lls a t 3 .5 cl, v/ (' }lomf'n t llm 

Till' mos t l y in te r e sting alld i n f ormat ive' c ha r n c r. or i s t i c i s ,I 
rha ng e of ti ll' p i o n p r od ucti on me- an i ut e ns i t y , e xp r e s s e d by th 
mea n pio n llIu ltipl ic i t y· II ~ "i n d ,,!,pndl! nCI' p n till' nur l e a r milt 

17 n; 

t.e r l a yo r t h i ck nes s .\ prn t/S invo lved in ,"lie c o il i s i n n o r , in 
o t lu. r wo r d s c o n ,\S ~ u p = 0, 1 , 2 • . . . • :.: 9 prnl/ S: til li p = 0 
r o r r c sponds t he t.h i r kne s s A = I . ~ nc ut rnns/ S i n I he xenon nu c
l vu s , The li p - d v pe nd l' nc l:' is s hown in fi }!,.2, fllr c ol l isi on s at 
3 .) (;r:>V / I' momon t um, Th, ' p r od urc -d p i nn s are wi dc l y s p r e .id , in 
the l abo r a t o r y s v s t oru , f ig . 3 ; t Iu : mr-au emiss ion angle of pi o n s 
i.s <0" ;... 60 d, ~) ~re l! :;. TIll' k i ru -t. i l pn ('r p, i c s o f the pi ons ar e 
within c-ne r ny r e g i on f rom 0 up to abou t 2000 r-leV; th e mean k i 
netic enc r gy is ".I": k" > ~ 330 r-le V. 

I f pions wi t h su c h c ha r ac t erist i cs uppen r e d i ns i de massive 
xenon nucleus, t he mea n t h i ckn e s s of whic h is <A> = 8, ~ nu c l / S , 
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4 Fig . 2. The mean I7TU l tip Li.ci:ty < I1TT > 
of pr'oduced pions i n dependence on 
the nambei - I1p of emitted pro t.one ; 

• •• •• L N =6301 I1p i s connec ted s i mply wi th the 

<n ·n;;.)
3 • t hicknes s A prot./B of nucl-ear mat++ t er Lauev : A8 = l1 p = 0,1,?, ... ,, 

~ 9 pr otione ;	 at u p = 0 pl'o tons tihe 
2 layer' of nuc l ear' mat t e» 1:S of t he 

} t hi cknes s 1.4 nuc l / S, i n t he xe
Ln p ~ 9	 non barqet: mwLeu e , D/ < I1TT > i s 

the normal .i. z ed di spevci.on, ~N i s 
total number' of events analysed . 

I 10 

(n 'Jri) • • ~[ r + 

o5+ .. : : : : " 0 I " JO

0.0 ~-LJ_ 5 10 05f''''- T''-''I'''~l15 N m" .3 5 GeV 
" J ( +Xe '	 ----c'Ylp 04 . 

n p~ o 
F-i a. 3. Anqu l.a» dis t r i but i on of 

OJ r - LN~ ; = 16527pions produced in co llisions with 
any number of emi t ted prot.one ; ---I:N" . = 3584 
di etir i but.i one f or' neu t-r a l. pions 0.2 
i s preeent.ed	 se par ate l-y as l,Je l.l.. 

0.1:£N - numbe» of pions i n a histo
gram, I1p - 1171A lt1:plicity of emi t 
ted pr ot.one , N - number of even t s 
at a gi ven i n t er'va l of cosO IT 

o
- I	 o +1va l ues.	 C051J; 

t hey wou l d p roduce new pi on s i n t urn, and t he pr oducti on i nt en
s i t y woul d inc reas e ma r kedl y . With t he inc rea s e of the numbe r 
o f pi on s t r av ers ing the t a r get nucl eu s , the intensity of t he 
emitted nuc l eons shou l d i nc r e ase ma rked l y as we l l . But wha t i s 
ob s e r ved i s no t th e ca se ( f i g . 2) . The i n t en s i t y of the produc ed 
pi ons <n/7 > i nc reas e s s lowl y , f r om < I1TT> '" 3 a t ,\8 ", I1p = 0 p r o t /S 
up t o <11/7 > '" 3 .3 a t ,\8 = np '" 3 pr ot/ S or a t ,\8 '" 7 nuel/S . 
The i n t ens i t y o f emi t t ed nucl eon s <n p > ~ oe s not i ncreas e wi t h 
inc rea s e o f the mul t i p l i ci t y or produced pion s . 

From wha t is sa i d above, on e c an conc lude t hat the produced 
pions cannot be pr oduce d ind irectly inside the parent nucleus ; 
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some intermediate ob j ec ts mu st be produced whi ch decay into 
obs erved pion s after hav ing left the target nucleus. 

Bu t , the intensi t y of produced pions < I1 TT> increas es wi t h i n
c r ease of the thi cknes s A prot/S of nuclear matter layer invol
v ed i n t he co l l i s i on , fi g .Z, from < I1TT > = 3 at A = 0 prot/S up 
t o < I1 TT > '" 3 .3 at ,\ = 3 pr o t / S , or a t abou t the mean thickne s s 
<A> pr ot/ S of t he xenon nuc l eu s . At l arge r thickn e sse s A prot/S, 
a t AS > 4 proton s , t he mea n int e ns ity de c re ases up t o abou t 
< I1TT > = - Z. 2 a t I1p = 8 . The i ni ti a l i nc r eas e i s du e t o the increa
s e o f t he nu c l.ea r ma tte r l aye r t h i ck ness ,\ p r ot / S involved in 
t he co ll is ion . The de c r ense o f < II TT > at ,\ 2: 4 pro t / S i s due to 
t he ene r gy lo s s of t he i nc i den t hadron and of th e i ntermediate 
objec ts in nu cl ear mat t e r / ·U ,4 6 1 ; a t lip ;::: LI t he mean kinet i c 
en e r gy of produc ed p i ons i s less than the p i on pr odu cti on 
thre sh old .' 15 /. 

The onl y caus e [ o r the < I1TT > increas e wi t h i nc r e a s e 
o f th e nucl ea r matter layer thic kne s s ,\ pro t / S i nvo l 
ved in t he colli s i on may be a sec ondary produc t ion of th e i n
t e rmedi at e ob jec t s i n colli sions o f t he obj ec ts c r e a t ed at 
f irst wi t h the downst ream nucleon s . In ot he r wor ds , a ca scade 
o f t he intermedi at e ob jects s hou l d dev e l op ins ide the t arget 
nucleus ma s sive enoug h . The que s ti on ari s es, therefore : how 
do the i n te r media te objec ts behav e thems elves in pa s sing thro
ugh nuclear matter ? The a nswe r t o it has t o be fou nd expe r i 
ment ally, a nd we try to ob t a i n i t now. In o r de r to do it, we 
h av e prepar ed the - dep endence s of the mean multipl icitiesD TT 
<l1 p > . mean k inet ic ene rgies < Ek P >. mean tran svers e moment a <P '[p> 
and l on gi tud ina l momenta < P 

L 
> . and mean cos i ne of t he emi s s ion 

an g l e <cos Op > of t he emitt ed Pproton s . The mean pr oton mult ipli 
ity i n events wi t h 11 /7 = 0 e qua l s <l1 p > = 7 . 2 , wh a t i s a l mos t 

the s ame a s t he number of protons corre sp ondi ng t he d i ameter 
o f the t arget nuc l eu s D pr o t / S t ime s S . The mean pr o t on mu l t i 
plicity in even ts wi t h 1111 "' 1 equal s <l1 p > = 3 . 2, what i s a l mo s t 
th e s ame a s t he number of protons co r r es pon s i ng t o t he mean 
thi ckn es s <A> prot/S of th e t a r get nucleu s times S . The mean 
pro ton mu l t i p l.i c it i es do no t incr ease w i t h t he inc re ase of the 
mul t i pl i ci ty o f emi tted p i ons • It shou l d be empha si ze d heren TT 
t hat th e me an proton mult ipl i c ity a t inc i dent ha dron ene r gi e s 
h i gh enough , ab ove abou t 10 GeV, i s i n ha dr on-nu cleu s co l l i s i 

s amc / 4 3 1 on s a l mo s t t he a s t he ta r.ge t nucl eu s me an thi ckness 
<A > pro t / S t i mes S. The 11 17 - depend ence s o f t he <Ek p > , < P L p > , 
< PTP>. and < cos Op ' are shown i n f i. g . 4 ; th e me ans a r e 11/7- in
dependent . We kn ow a s wel l t hat the ene r gy spec t r a and angu l a r 
dis t r.i buti ons of t he emi t t ed p r o tons a r e inde pend ent o f t he 
mult i p li ci t y o f emit ted pr o t ons a t hi ghe r ene r gies a s ~" e11, 

a s i t ha s been p r oved expe r imenta11y 11 0 . 1~ 1 up to abou t 400 GeV. 
The ab s ence of t he nucl eon emis s i on intensity < l1 p > increas e 

wi th the inc r ea s e o f the pr oduced pi on multipl ici ty I1TT may take 
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p l ace i n t wo ca s e s : a) when t h e i n t e r mc d i a t e obj ec t s d o 11 0 t ..,i ~Fig . /1. The neru ki.ne t i.» ,?I.t'I'£1!' ' . " 1, ~. ;< Ek p c a u s e t he monotonic nu c l eo n emi s s i on , a s a ny hadro n d llC' S it ;
I	 t ' • ~ .. ~mo"!m l~um < P L p " . l l e ';lIl t 1', ;'I.':1I. • I'd" ,· ,, ~'tl( '~ t t" ~' 'l' P' h ) wh en t he i n tra nu c l e a r c .rs c adc of the i n r e rrnod i a t c ob j e c t s emt.ee t.on ano l.e < ('os Op > . IW I'''h21 L ::, ;' ' !"'i. ) '[ ' . i s D ' < Jo:~I"> 

is a l most 1 i. ne a r - 11 0t spre ad	 wi d c l y • Till ' fi rs t ca s e a ) s hou l d O f <PLr>~ O / <P T P '·· ,0 /< 1:05°1, '" /" Ic pe» tell ", z», , e " TI / Z-
be r e f us e d - bc cau s e the me a n	 int e nsi ty " lI p ' o f e mi tted pr o tip? iC1: t y 11 77 of produced I 1:,)1/:::, 1: " i.i;» -."e . 'n' -tc ' , ,, 
ton s inc:rcases wit h i n ci d en t ha d r o n e n c r~y i nc r e a s e, up t o col.l i ei onc at .3 . •5 GeV/c: nomentun . So l id l inet: - "W Q /,S 

· < n r > ~ S < '\ > . whe r e ', ,\ '. p ro t/ S i s t he mean th i ckness o f t he OVe!' any pion /n·,ltiplieity . 
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1 arge t nucl eus ; when <lip> ar rives t he va l ue S <A> . t he i nc r e a se 
o f the i nc i den t hadr on ene r gy makes not an i nc r ea s e of t he va 
l ue of t he me an int en s ity < lip> . The pro t on mul t iplic ity d i s t r i 
bu t i on i n coll i s i ons o f a had r on wi t h a def i n i te t a r get nuc l e 
us change s i t s sh ape when t he i nc idenr hadr on ene r gy inc r ea s e s 
s t a rt i ng f r om t he ener GY th r e s llol d f o r t he pi on pr oduc t i on , i t 
becomes e ne r gy-i ndep endent a t ene r gi e s above some GeV. 

So , t he i n t r anuc l ear ca s cad e o f the int e r med i a t e ob j e c t s 1 S
 

l inea r , pr ac ti ca l ly wi t hou t t r ansver se spr e ad .
 
The pi on mul t i p li ci t y d istr i bu t ion s in ev ent s wi t h 0 and I
 

emi t ted pr ot on s , wIlen a co l l i sion o f t he i nci de nt ha d ron wi t h
 
a quas i f r ee nuc leon a t t he peri phe r y o f t he target nucl eu s oc

cur s , i s i den t i c<Jl a s the p i on mult i pl ic-it y d i s t r i but ion i n
 
pion- nuc l eon coll i si on s :It t he same k i ne t i c ene r gy o f t he i n

c i den t hadron / 5 1•521 • Be caus e tl u- d i s t r i bu t.i ons o f t he p i on
 
mul t ipl i c i t y a t lip = 0, I , .•.• ....: 'J d o no t di f f e r i n t he ma in ,
 
f ig .5 , we ma y concl ude t hat t he pn r t i r l c-r pr oduc i ng co l l i s i ons
 
o f h ad rons i ns ide t a r ge L nu r- Loi C-:1l1 h e t roa t ed a s t he co l l i 

s i ons o f tlI e h .id r ons wi t h s i ng l« nllc l collS .
 

3 .2 . Chara c t pr i s t i e s o f t he T' a r t i l"l ..· Pr oduc t i on i' r oc es s
 
- i n Ha d r on- Nuc l eus Co l l is i olls a t Va ri ous Ene r g ie s
 

The norma l i zed mu lti pli c i \ y R = <1l> hA/< II>hN i s expr e s s e d
 
s impl y by fo rmul a H ~ < ll1 o > ~ e . whe r e <ll" hA and <1I >hN a r e t he
 
mean mult ipl i c i t i e s of produced p i on s i n hadr on- nucl eus and
 
in ha dr on- nuc l eo li co ll i s i on s corre spond i ng l y , t = <A>I< A ">
 

p
and <A" i s t he mean t hi ckne s s of t he t a r ge t nuc l eus i n nuel/ S 
<Ap> i s t he mea n f r ee pa t h f or par t i cl c-pr oduc i nc co l l i s i ons I n 
t ar ge t nucl e i oh t a i ned ex pe r i ment a l l y a nd conne c t ed t o t he 
c r os s- s ec ti on f o r par t i c l e- pr oduc in g co l l i s i on o f t he hadr on 
wi t h f r ee nuc l eo n I f, :JI . <mo > ha s <J s imple phys i cal me ani ng / ;, 4 ,5 ;" . 

A- depe ndence o f R i. s throug h t he A- depe nde n t me an t h i ck ne s s o f 
the ta r ge t nuc l e lls <,\ > . e nr gy- depende llce o f R is th rough t he 
ene r gy depe nde n t me an f r ee pa th <Ap'"

The e ne r gy- depe lldenc e o f the me an mul ti plic i t y <1I >hA of pr o 

duced p i on s i n ha dr on- nuc l eus co l l i s i on s a t an ene r gy above
 
a f ew GeV obe ys f OrPlI I1a <n ( E »h A= <mO ><II( E / mO» hN ' whe r e
 
< n ( E / m » i s t he mea n mu l t i p l i c i t y of pr oduced p i ons in co l-
o
li s i ons ofINt he s ame hadr on wi t h a nuc l eo n a t t he en e rgy El mo ; 

' A- dependence o f <n (E » i s t hr ough A- de penden t qua nt ity <m > ' hA	 o

4 .	 DISCUSSION AND RE SULTS 

I n r e su l t o f t he abo ve descr ibed d iscu s s i on abou t a phys i cal 
mean ing of t he n rr - dep end en ce s o f t he cha r a c t e r i s ti c s o f emi t t ed 
protons , tak ing i n t o ac coun t the phys ica l mean i ng of the coe f fi 
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c i e n t mo.we can conc lude rhn t : In h adr on-n ucl eus c o l l i 
sio ns particl e s a re p r o d u r r- d v i a s o me int ermediate 
o b je c t s which d e c a y n L tr- r h a v i n g l e ft t h e par ent 
nucleus i n to u su al I y o b s e r v c d r e s o n n n c e s and pa r t i 
c les . The ob j e c t s , p r oclu c cd i n c o l l i s i ons o f the inc ident had
r on s wi t h singl e nuc l e on , C ; \Tl p r oducc n e w in t e rmed i at e ob j e c t s 
i n co l l isi ons wi th dl1wns tre :1m nucl eon s in nu cl ear matter i n 
one s t ur n , a nd t ll i s way an i ntr a nuc l ear cas cade of the i n ter me
d i ate obj e c ts deve l ops ins i de th e paren t nuc leus ; i n most ca s e s 
this cascad e i s colline ar wi t h the i nci den t hadron cour se . This 
co nc l us i on we hav e f ormul ated i n our fo r me r work s a s we l l / 54 •55 / ; 

lYe have ca ll ed there the i ntermedia t e obj e c t s " GENERONS" . 
It is r easonable t o accept t hat t he part i cle product ion i n 

e lement a ty hadron-nucleon co llision s, in nucleon-nuc leon coll i 
s ions in particular, goe s throu gh s uch lon g- l ived inte rmediate 
objec ts a s well; the objects decay into t he commonly obse r ved 
produced r esonances and particl es. In o t he r wor ds , s ame pa r 
ticl e called GENEROtl exist s which i s created in quas i endoer
gic 2 ... 2 t ype collision reaction firstly; the common l y obser
ved r esonan ces a nd part ic les are the decay produ ct o f i t. 

The nature of the GENERON have been a l re a dy d i s cus sed / !l ~ . 56/. 
it s houl d be investi gated exp erimentally more in detail s later 
on , by means of the target nucl ei us ed as dete ctors. 

It ha s been shown / 57/ that the above de s cribed mechan ism of 
the parti cl e production allows one t o der ive fo r mula s fo r frequ
ency distributi on s of various quant it i es des cr ibing hadron
nucl eu s collisions in terms o f f reque ncy di s tribut i on s o f co r 
r e sp ondidng quantities in hadron-nucl eon co l l is ions . Some of 
the r elati ons were tested exper i men t a l l y a t ki neti c ener gy o f 
incident had rons from about 2 GeV up t o ab ou t 2000 GeV; the 
predicted energy- and A- de pende nce s of the d i str i but i on s t ested 
agree well with corresponding exper imenta l data / 54 •5 5 , 58 . 59 / . 

We have a l r e a dy stressed / 551 that the d i s cove r y o f p,ene r on s 
can be r egarded a s a support fo r the V.F.Wei s skop' s concept of 
the na t ure of t he particles produced i n hadr on i c co l lis i ons / 60 
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CTpyraJibCKHH 3. El-85-231 
3KcnepHMeHTaJibHbie HCcJiegoBaHHH npo~ecca po~eHHH 
qacTH~ B cTagHH nepeg pacnagoM pe3oHaHcoB 

Tipo~ecc po~eHHH 4aCTH~ B ero paHHeH CTagHH pa3DHTHH Hc
CJiegoBaJICH C TIOMO~biD Hgpa MHWeHH, npHMeHeHHOr'O KaK npe~e3HOH
Hb!H HHAHKaTOp CBOHCTB 3T0r'O npo~ecca - BO BpeMeHHbiX rrpegeJiaX 
MeHbme I 0-22 ceKyHgbi H B rrpocTpaHCTBeHHbiX o6JiaCTHX MeHbme 
)Q- 12 CM. B CTOJIKHOBeHHHX agpOHOB C HyKJIOHaMH, B 4aCTHOCTH, 
B CTOJIKHOBeHHHX HYKJIOHOB C HYKJIOHaMH, po~eHHe l.JaCTH~ rrpoTe
KaeT l.Jepe3 rrpoMelKyTOl.JHbie 06'beKTbl B ABYX4aCTH4HbiX 3Hg03prH-
4eCKHX peaK~HHX THTia 2 -> 2 • TipOMeJKyT04Hbie 06'beKTbl pacnagaiDTCH 
Ha 06b!l.JHO Ha6JIIDgaeMbie pe30HaHCbl H l.JaCTH~bl. 

Pa6oTa BbirrOJIHeHa B Jla6opaTopHH BbiCOKHX 3HeprHH 0115!11. 

Coo6~eHHe 06~eAHHeHHOro HHCTHTyTa RAep~X HCCneAOBaHHA . ny6Ha 1985 

Strugalski Z. El-85-231 
Experimental Investigations of the Particle Production 
Process at the Sta2e before the Decay of Resonances 

Experimental study of the space-time development of the 
particle production. process in hadronic collisions at its 
initial stage was performed. ~1assive target nuclei have been 
used as fine detectors of properties of the particle produc
tion process development within time intervals smaller than 
Jo-22 sand spatial distances smaller than lo- 12 ern. In hadron 
nucleon collisions, in nucleon-nucleon collisions in particu
lar, the particle production process goes throueh intermediate 
objects in endoergic 2 _, 2 type reactions. The objects decay 
into the commonly observed resonances and particles. 

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

Communication of the Joint Institute for Nuclear Research. Dubna 1985 


