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I . I NTRODUCTION 

It is cOlllDonly known tha t when atomic nuc l e i a r e bombar ded 
by high ene r gy hadrons, of ene r gies above the pion product ion 
t hr eshold, the partlc l e production and t he emission o( nuC
leons from the targe t nuc l ei t ake place. The presence o( events 
in which intensive emission of nucleons appears without pa r 
t icle pr oduction /1,2/ l eads t o t he conc l usion that the nuc l eon 
emission pr oces s can proceed independently of t he part icl e pro
duction. 

Data on the hadron- nucleus col lisions obtained dur ing ten 
last years in our experiments per formed by means of the 26 and 

( 3U .
180 litre xenon bubble chambers ' , and t he wealth of data ava1
lable / 1,2,5-9 / , we r e laid the fo undation o( new picture of the 
col lision process wh i ch eme r ged i n the attempt to understand 
these data, The xenon bubbl e chambe r s ser ved as 4P i detectors 
i n which almos t a ll emitted pr otons and produced par t icles, in 
particular el ectrical ly cha rged and neutral pi ons , were regis
tered , and ene r gie s and emission a ngles of almost all pro t ons 
and pions were measur ed with an accuracy h igh enough in o rder 
to obtain a conc l usive information abou t a collis i on process, 
The well-known in f ormation about t he nucleon density distribu
tion in nuclei/IO,ltl with addi t i onal data on the neutron- proton 
r atio at t he per i phery of t he atomi c nuc l eus 1 12,13/ a l lowed to 
t r eat t he target nucleus as a nuclear matter slab, a nd a sample 
o f hadron- nuc l eus coll ision dat a to treat as a result of in
teract i on of a monoenerget i c hadron beam wi t h the nuclear mat
ter ;. labs of various thickness . 

In systematizing the data by a scien t ist a creation of new 
additional i nformat i on occurs as well . Al l these resu l ts of ex
per i ments and of th e systel'l3tization of them can be sUrnrn.::lrized 
in a f ew basic laws. But, when we arrive at scientific laws, 
another element is i ntroduced: the effect of reflection . The 
scient i fic law is not only the express i on of a certain qtJantity 
of empirical facts, including the facts obtained in systema
tizing of them, but t he thought of the scientist interveoes 
selection of facts , comparisons, imagination / 14 / Ihese ingredi
ents wi ll be taken into account as we l l here in our atte~pt to 
formulate the laws of the nucleon emission in hadron-nucleus 
co l lisions. The nucleon emission proces s can be t reated separa
tely , because t he influence on it by other processes taking 
pl ace in the collision i s negligible/ lSI 
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This work is arranged as follows : afte r introduction in sec
tion I , we present the more important definitions in section 2, 
and we formulate the laws in section 3; the arguments for the 
laws are presented shortly in section 4; in section 5, conclu
sions and remarks are given. 

2 . 	 DEFINITIONS, DENOTATIONS, AND UNITS 

It is desirable to have a special set of definitions, deno
tations and units for formulation of the laws in the next sec
tion 3 . lve shall begin our considerations ,,,ith the short pre
sentation of the set in this section. 

lJe call the kinetic energy of a projectile hadron "high" 
when it is larger than the threshold fo r the pion production . 
The collect i ons of nucleons met in the nature as aLomic nuclei 
we will call "nuc l ear matter" sometimes. 

High ener gy hadrons, in colliding with atomic nuc 1ei, cause 
emission of nucleons from the target nuclei, as we can conclude 
from the usually observed emission of the protons . The nucleons 
are fas t, with kinetic energies from about 20 up to abo ut 
400 NeV. Later, we will call them s i mply protons or nucleons; 
the protons are distinguished us ually as II g-t r ack leaving pa r
ticles" when the emulsion technique is appli ed. In any of ob 
served hadron-nuc l eus colli s i on events n N;: 0, I , 2, ... nucleons 
are emitted, and usually we observe n p ;: 0, I ,2 , ... protons on
ly . The number " N of emitted nucleons in a collision event ,...e 
cal l th e multiplicity of emitted nucleons ; the number " I) of 
emitted protons we ca l l the mulliplicity of emit t ed pro t onR . 
The mean multiplicity of emitted nuc l eons per an event in 
a samp l e of collis i on events we denote by <" N", th e mean multi 
plicity of emit ted protons we de note 'correspondingly <n ">. The 
multiplicities liN ' n , <n N> ' and <n > we use later as Pthe 
measures of the nucleog or proton emi/s i on intens ity. 

Any atomi c nucleus can bE' r ha ra r teri zed by its maximum thick
ness ""max' mean thickness < A'> , and by thickness "" (b) at any 
distance b from i t s cent ~ r - a t any impact paramete r b. It is 
convenient t o express the thickness in uni ts : nucleons pe r rm 2 
or protons pe r fm2, s i mi la r ly as the thickness of the Earth 
atmosphere can be expressed in gr ams per cm 2. It i s na t ura lly 
cO llveni en t to express the thicknesses of an atomic nucleus in 
nucleons or in protons per a spec i a l area S -= lTD~, where Do ;: 
;: 1.81 fro and S ;: 10 . 30 fm 2. \Ie will exp r ess , therefo r e , the 
thicknesses of the nuc l ear matte r laye rs in unit s : nuc l eons/S , 
pro t ons / S or, silor tly, nu c l /S , pro t/So 

High energy hadrons in col l i dinc wi th a t omi c nuclei may be 
s t opped i n them or deflected through va r ious angles witho u t 
pa r t i cle p r oduction but accompani ed by nucleon emiss ion ; we 
cal l l ater t he events " stopped" and "deflected"co r r espondi ngly . 
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1 . 	 THE LA\~S OF NUCLEON EMI SSION 
AND NUCLEAR FRAGMENT EVAPORATI ON 
FROM NUCLEI llOMBARDED BY II IGH ENERGY HA DRONS 

Now, let us formulate the l aws of the nuc l eon emi ssion and 
fragment evapora t ion from Il uc l ei bomba r ded by high ener gy had
r ons . 

Law 1. 	 Any hadron of k i ne ti c ene rgy highe r t han t he pion p ro
duc tion t hresho ld causes nuc leon emi ss i on from t he 
t a r ge t nuc l ei i n t r aver s i ng them a l ong cJ. path A fro ; 
the number n N of emit ted nuc l eons eq ual s the numbe r 
of nuc l eo ns con t ained wit hin the cylindrica l vo l u~e 
v ~ 1TD~ ~ fm:1 cent er ed on A i n the targe t nu c l eus : 

., 
" N: " D ~A <P> . 	 ( I ) 

wh ere Do fm i s t he diame t er of the nu c l eon and o"' fJ · 

in nucleons/fm 3 i s t he mean dens ity of nuc 1eons ins ide 
t he vol ume v, 

Re 1a t i on (I) can be expressed s i mply .lnd more conven i ently [ or 
a rpl i ca t i ons: 

A . S 	 (2) " N 

\,...hen A i s exp ressed i n nucl/S uni t s, where S " D ~ , Re l a ti on 
( 2) a l l ows t o cO llc l ud c additionall y tlla t t il e nuc l eon emi ss i on 

rroce ed s monotonically along A nue l /S . 


Law II. 	 In pas s ing l il r ouch nuc lea r ma t t e r, any hadron of ki 
net i r ene r gy large r than t he pi on pr oduct i on t hresho l d 
l osc~ mo noton jc~ n y i t s k inet i c ener gy ; the ener gy
'Eh MeV of the had r on l os t on lhe pa th l ength
' A nuel/S equals: 

\1': " , \ .\ 	 (3)h h • 

where 'h· t-1eV/ (nucl / S) depends on the hadron identity . 

From expe r i men t s ! 16 . for the pions # 'f1 = 180 HeV/(.,ucl/S) and 

fo r the protons II = 360 t-1eV (nuc l/S) .
I 

Independently of t ile interactions of t he incident hadron 
inside nuclei ca using t he monotonic nucleon emi ssion and ene r
gy l osses , its intcracLi.ons may occur there wi th nuc l eons l ead 
ing to sing l e deflection of the inc i dent hadron through angles 
l arge e nough and Lo appea r ance of the knocked-out nucl eons of 
ki net ic ene r gy at Wllicll tlley can cause the nucl eon emiss ion in 
passage throup,h th e nucleus in ones turn , Th is process may dis 
tu rb ~arkedly th e monotonically proceeding emi ss i on of nuc 
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leons c aused by t he i nc i dent hadron. Fr o~ t he analys i s of expe 
rimen t a l data , we conclude that t he distu r bance takes place 
in about 5- 10 pe r cen t of co ll is i on event s . 

Law I II. 	Ene r gy and momen tum s pect r a and angula r d is t ribu t ions 
of nuc l eons appea r ed in the monotoni c nuc l eon emission 
process a r e indepe nd en t of the proj ectile ener gy a nd 
identity , in the ta r ge t nuc l eus sys t em of refe r ence , 
and o f t he numbe r n N of emi tt ed nuc l eons and o f the 
numbe r nrr of produced pions i n hadron- nuc l eus coll i 
si ons . 

In o the r wo r ds , t he nuc l eon emi ss i on process is no t e f fecte d 

by th e parti c l e produc t io n proce s s. It l eads t o the next L:H ... . 


Law IV . 	 Any hadron of ki ne t i c ene r gy lar ge r than the p i on pro
duc tion thre s hold causes nucleon emi s sion f r om t he 
t a r ge t nuc l eus i n a ny-type collis i on with it; t he 
emission goes on in any case mono t on ica ll y a l ong t he 
hadron co urse t h r ough t he t h i ckness A nucl/S of nuc 
l ea r ma tte r l aye r th e hadron in ter acted with and its 
i n tensity i s cha r ac t e r ized by 

n 	 = A. S (4)
N 

and 

<nN> .. <.\> 5. 	 (5 ) 

Result s o f i nves t igations of t he rela tion hetwee n the pro 

t on multipl i ci t y and the mUl5 ifli ci ty of t he f r agment s evapo

rated from t he t a r ge t nuc l e i 1 / a llow t o fo rmulate nex t law. 


La w V. . The re l a tions be twee n the mean mul t ip l i c i ty <111 > of 

evapo r ated cha r ged f r agment s a nd th e mul tip l ic ity n 

'. 	 po f 	 eml tt ed p r o t ons eX l s t : 

< n > = 1.25 (.\ . S + A - Z) (6 )
b 	 Z 

and 

< n b>/ «nb > + <n p»'" <n b> I< nb > = 0 . 4 , ( 7) 

whe r e /\8 = np and ~ i s the t h ickness o f t he nuc l ear 
ma tter l ayer i nvo lved i n the had r on-nuc l eus co l li sion , 
meas ured i n pr o t /S uni ts. 

Rela t ions (6 ) and ( 7 ) we r e der ived in one o f our p r ev ious 
work s /17/;3 particula r cas e of t hese r e l a t ions was fo und abou t 
20 years ago / 5/ . 

The above fo r mula ted laws a l low t o derive s i mple fo r mulas 
for the intens i ty di str i bu tion of nu cl eon emis sion; t he fo r mulas 

i.nc lude the A - de pendences o f t he cha r ac t e ristic s of nuc l eon 
i ntensi t y ::md th e i.r dependences on incide nt hadron ene r gy and 
i de nt ity / 1f1 , 171 

4 . 	 snORT ARGu/>IENTATION FOR THE LAWS 
OF NUCLEON EMISSION AN D FRAGHEtIT EVAPORATION 
FROM TARGET NUCLEI BOMBAR DED BY HIGH EIlERGY IIADRONS 

Let us present new shortly main a r gumen t s fo r th e l aws f or 
mul a t ed in foregC'ing sec t ion. The argumen t a t ion i s ba s ed on 
few f a cts stated experimental l y in s t udyi ng hadron- nuc l eus col 
lis ions , i n studyi ng pion-xe non nuc leus co l lision s in pa r t ic ul ar. 

Following f ac t s are of a bas ic impor t ance : 
I. Among pi on- xenon nuc l eus co l li sions at 2. 304 -9 . 0 GeV/c mo

mentum a r emarkab l e large sub-class of events can be di s t i n
gu i shed i n T.-lh i ch incident pion does not cause partic l e produc
tion , pion production in particular , but i t underwen t a deflec 
tion only i n its passage thrDl}Yh t he targe t nucleus, accompa
nied by fast nucleon emis sion . :a!. 

2. 	 The mean multipl ic i ty <n > of prot ons emi t ted in s uch 
ll P"project i le deflection events a t momenta P ~ 3 .5 GeV/c i s rr 

almost constant and e~ua ls t he mean t h i ckne s s o f the ta r ge t 
nucl eus <.\>, de r i ved 18/ f r om t he distribut ion of nucl eon den
si t y i n t he xenon nucleus/ ll l and express ed i n uni t s prot / S, 
times S: <np> "" <.\> .8. 

3 . Among the pion-xenon nuc l eus colli sion events withou t 
particl e pr od uction at momenta of the inciden t pions smaller 
than abou t 3. 5 GeV/c the cases occur in which i nc ident pion i s 
comp l e t ely stopped and depos i ted it s ki ne t i c energy in the tar 
ge t nucleus, accompan i ed by intensive nucl eon emiss i on. The 
probability of the occur rence of such stor ped events decreases 
with t he incident pion energy increase/ Ie - from abou t 12% at 
2. 1 GeV up to abou t 1.5% at 3 . 3 GeVand to about 0% at 9 GeV . 

4. The proton multiplici t y np distri bution r (np) i n t he 
stopped events a t inciden t pion energy 3 . 3 GeV is almost symme t 
r ical distr ibution with sharp maximum at the mult iplicity n I) 
equal"'16/ to the number of pr otons contained in the xenon t arge t 
nucleus within the cylindrical vo lu1!le SO centered on the nuc
leus diameter 0 expressed in units prot/S: n = SO and <n > = 
= SO ; this distribution differs markedly fro~ the distribJtions 
when n rr = 1,2 , 3, . . . pions are produced, fig . J . 

5. The mean proton mult i pl i city <n > i n the stopped events 
a t smaller i nc ident pion energy E =1>2. 1 CeV equals t he multi , 
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Fig. 1. FTot on muUiplicity li p' distributions f'n ,) = .'\N / " , 
in pion-xenon nucleus coL lisions with various ,mlltiplicit1ies 
"11= O,1 , 2.J •• . .J6;~ a of secondaru pions, at 3.5 GeV/c momentwn. 
:!: N - nwnber of protons in a di stribution . 
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plici ty <n > e which i s pred i cted . The predic tion has bee n made 
by mean s o¥ s imple relat i on <np>o '" Es /c rr , whe r e <n,}>e i s now 
the unknown quantity . 

6. Th e mea n mu lt iplicity <II _> of pro tons emitt e d i n a ny

I 
type hadron- nuc l eu s collisio ns I~t e ne rg ies above t e n GeV is 

a lmos t ene rgy- i ndependent and a l mos t the s ame as th e mul t i pl i 

c ity obtained wh en the average t arge t nuc l e us thi ckn es s < >" > 

oro t/S i s mul tipli ed by S: <np > = <.\ >S : in other word s ~ the me an 
proton mult iplic i ty <n > i s almost equ a l fa th e numb er of pro
t ons contained within ghe cy lindrical volume v centered on 

/ 151the hadron path ins ide the nuc l eus 

7. At small e r ene r g i e s o f th e inci dent hadron, s ay at small er 
than about 10 GeV, the mean pro t on multipli c ity i s ene r~y-d e-
oendent IJ5 ,19/ . ' 

8. Ene r gy and momentum s pec tra , and angula r di s tr ibutions 
of emitted pro t ons are identi cal in the s ampl e of eve nt s with 
~ar tic l e produ c ti on nnd in events without particl e produc tion 
i n whi ch inc ident pion i s de fl ec t ed or ab so rb ed in t he ta r ge t 
nuc l eus /20/;the e ner gy s pec tra in pion-xenon nuc l e us co lli s i ons 
a t 3. 5 GeV/ c momentum a r e th e same a s t he ene rgy s pec tra of 
emitted pro t ons , or ~ - track l eaving par t i c l es , in pro t on-emul
s ion nu c lei co lli sions a t 4 . 4 and 400 GeV/ c momentum/ 201 Th e 
angular distribution o f pro t ons in pion-xenon nuc l eus colli 
sions at 3 . 5 Ge V/ c momentum i s the same a s tha t o f pro t ons emit
ted in pro ton-emul sion nu c lei co llisi ons at 400 Ge V/ c momen
tum /2 1 ~ The s pec tra a r e the same for events with different mul ti 

f 221pliciti es Tl 
l 

= 0, 1, 2 , . . . of th e emitted pro tons 
Faced wiih the [ac t s whi ch have been writt en above a bout, 

a nd taking into account ma ny newly di scovered proper ties of the 
hadron-nuc leus coIli s i ons / 1.2,22 / . 1 was in a position t o s t a t e 
tha t: a) Th e emi t t ed pro t ons ca nno t be the kn oc ked-out pro t ons ; 
i t conce rn s the emi t t ed nuc 1 eons a taI l, th e knocked- au t nuc
l eo ns arc me t with rare l y among the emitted nuc l eons . b) The 
nucl eon emi ss i on process proceeds inde pendently o f o th er pro
cesses i ns ide t he ta r ge t nuc l e u s~ in particular of th e partic l e 
production pr ocess ; mor eove r~ th e nuc l eon emission process i s 
t he bas i c one and agains t th e backgr ound o f i t t he partic l e 

'\ ~roduc ti on process goes on. It i s beca use we ca n treat the 
nuc l eOli enJ is s i on process s e-par a te I y from o the r pl ocesses occurr

J ing in hadron-nuc leus co l l isions . 
In my opinion , the obse rved nucl eon emi ss i on i s a seconda ry 

phe nomenon due to fol l owing proce s s : The inc ident hadrons , in 
pas sing through nuc lear ma tt er , cause the app earance o f s econda
r y l ow energy pions or maybe kaons which, as of low energy 
a few or a fe w t ens MeV , a r e absorbed by s ystems~ o f two or more 
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nuc leon~ ins ide the t a r Ae t nuc l eus a nd t hese systems o f r ela 
t i ve ly 1 0\,,7 e ne r gies decay i n to t he ob se rved nuc leons a fte r hav
i ng l e ft t he pa r ent nucleus. The l ow e ne r gy pions may be pulled 
out f r om nucleons me t ins ide the t arge t nuc l eus by t he projec
t ile hadr on a r ound its path, l i ke e l ect rons a r e pu l l ed out fro rr. 
a toms by char ged p r o j ect ile in its pa ssage t hrough mate ri als. 
The a ppea r ance o f the " slow" pions a round the inc i den t hadron 
cou r s e i n nuc lea r matter we ca ll the " pionizat i on" or the nuc
leons , pe r ana logy t o the i on i ~at ion o f at oms by fas t charged 
part icles. 

Let us d i s cuss now how the l aws a l low t o e xp l a i n va r i ous cha
racterist ics o f the n ucl eon emi ss ion process . '~e start wi th 
the proton mul ti plicity di s t r i bu t i ons. Th e mu} t i pl ic i ty n p of 
emitted protons, when t he nuc l eon emi ss ion proceeds i n iLs pur e 
fo rm, s houl d be d i st rib ut ed , accor ding to law I , as the dist r i
bution WoC.\. · S) of the quant i ties 1\. S for a target nucleus, 
whe r e ).. is t he t a r get nucleus thickness exp res sed in prot/S 
un i t s. Th i s mul t i pl icity ca n be evaluated practically for any 
o f a t omi c nuc l ei/18~ Bu t, the nuc l eon emiss i on in its undistur
bed form i s r a r e l y occurr i ng phenomenon, the distri bu t i on 
Wo(.\. " S) shoul d be transformed t o dis turbed form met in expe
r i ments, t her efore . There are obse rved col li sion events i n 
whic h the nucleon emiss i on i s minimally di sturbed . The cases 
s hou ld be , f or example, the ha dron-nucleus col li s ion events 
without par t i cle production i n which inciden t hadron is def
lected only thr o ugh a small deflection angle, say 0h < 30. deg
r ees, accompanied by nucleon emi ss i on. The proton mul t iplicity 
d i stribution in s uch cases selected from any-type collision 
even t s shoul d be: 

-A lA _ A lA 
\ III r

f ( n ) = Wo( A S)e e (8) 

where "in pr l)t / S is the mean free path for the partic l e pro
duc i ng hadron-nucleon coll i sions connected with the hadron
nuc l eon inelas t ic colli sion cross-section 123/; the Ar is t he 
mean f r ee pa th for incident hadron deflection t hrough angles 
l arger t ha n a given deflec t i on angle in its passage through 
nuclear matter, it i s expr essed i n units protls and connected 
wi t h corr espond ing c r oss-section or for hadron-nucleon elastic 
co l 1isions leading to def l ections of the projectile through 
angles la r ger than 0h' Res ul t of the comparison of the predic
tion given by formula (8 ) wi t h corresponding experimental dala 
for pion- xenon nucleus col l isions at 3.5 GeV/c momentum i s shown 
in f i g.2; agreement well enough is stated. 

I t i s worth-while to emphasize that the A -dependence of 
the r( n ) dist r ibution is t h rough A-dependence of A and the 
energy~dependence is through energy-dependence of Ar and .\. 111 

Hhich a r e connected with the energy-dependent corresponding 
cross- sections 0 and 0 , '" 

~ig . 2 . Proton rrruZti plicity np 
distribut i on f(n p) i n pi on
xenon nucleus collis ion event s 
without parti c le production i n 
which i ncident pion i s def
lected through t he def l ecti on 
angle not larger t han 30 deg
rees, at 3. 6 GeV/c momentum. 
• - experimenta l data, 
~ - predi ctions gi ven 
by f ormula (8 ) , 0 - predic t ions 
given 9u i ntranuclear cascade 
mode l . 241 

A-dependence and projec t i l e identity-de pend enc e wer e obser
ved at 37.5 GeV/ c momentum hadron-nuc l e i co ll is i ons!25/ . The 
pr edi c t ed pro t on mult i plic ity dis tribu tion fo r these any- t ype 
hadron-nuc l e i collisions s hould be: 

-A l A . _ Al A 
f(np) = WoP •. S)( l- e ,ole '. (9) 

wh e re the denota tions are as i n f ormula ( 8 ); Ar in thi s ca se 
can be eva l uated exper imentally . Formula ( 9 ) is va lid only f o r 
th e A ::; D or fo r n ~ DS. Th e compari son o f predi c tions g iven by 
f o rmul a (9) wi th e~perimenta l data / 25! i s s hown i n f ig.3 ; a sa
ti s fa c t ory agr eement i s s tat ed a t proton multip lic ities np 
wh er e formula ( 9 ) is appl icable , at n < DS . 

Ene r gy-depende nce o f t he mean mult~pl ici ty <n > of pro t ons 
emit ted in pro t on- tungs ten colli s ions may be deslr ibed / 15/ 
a pp lying laws I a nd II, by fo rmula 

- <.\.>/ "- to t 
<n p> = < A>(l- e ) . (1 0 ) 

whe r e Atot is the mean free path f or any-type collision of t he 
i nc iden t hadron with a nuc l eon i n nuc lea r ma tter, it is de te r
mined b y corres ponding cr oss- section 0to t as Atot '"" 1/ 0 1.ot , 
<A> and "-tot a r e in un its pro t/S o The ener gy dependence in 
f ormul a (to) is through,\, tot and through <"- > as we l l - because 
the mean t h i ckness <A> of nucl ea r ma tte r l aye r t he pr o j ec ti l e 
i nt eracted with depends on the pro jec til e ene r gy E h when 
Eh$( bD,due t o ener gy loss . The A-dep endence is through t he 
A-dependent < .\. >" The dependence of <np > on th e inc i den t ha dron 
identity i s through the proj ec t i le identity-depend en t A t 

and (11 " Compari son of ap propria t e experimen t a l da t a/26-2g? a t 
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normalization flrY 
I (N.) 

pOint 

slow 

37,5 GeV/c 

, 

pa r tlcle s 

10'10' 

37 5 GeVI 

I 	 --:1 10' 103 l:- \ \ \ \ \ \ "Cu4-\ 

\ "" 'O'Pb 
, A}

qa) \ \ 	 b). \ \ r , 	 ,\ 
12C ~r~1 64c u l08Ag 207p b (pPb) 

10 2 I I I I I I I I I I I I I I I I I I I I I I I I I I I I 110' 
o 	 2 4 6 8 ' 10 12 N, O Z 4 6 8 10 12 Ilf' 

17i(1 . • ). Proton mu~tiplieit7f II = N . diRt}~ibution.c; in 
pioH- mwlei Glui in antip},>otog- PI; collisions at 
,;7- 5 GeV!c momentw.1 : aJ e,cl'eY'imentaZ data /25/ /;) pY'e
dieted b1l [oT'<mda (.9; faY' ~ 5 D. 

~nc rr.ies rrom about 4 up t o aholll 2000 GeV with pr edic t ion s r, l 
ve n by formu l a ( 10) shows qll <1 I1Lica t ivc a greement ' 1;" ' , 

Re l<l t ion s (6) ':1nd (7) ca n be tes t ed us ing corre s pond inr. ex 
reTimen ta l data If-l.28 . 29 .' a t incid~nt pro t on ene r r.~ ' interval 
f rom abou t 6 lip to abou t 3500 CcV; quantitat ive a greeme n t is 
sta t ed 1 17 1 

\~e have seen a bove that th e la\-,ls 1 , 11 , IV and V help to 
d iscove r s i mpl e phys i ca l meani ng o f the charact e ri st i c desc
ribing the nucleon em i ssion inten!iit i es and t arr.e t fragmen t 
evaporat ion int en s i tie s in hadron- nu c leus collisions. In new 
exper iments mo r e data ,... i l l be obtained ,... h i.c h will proba bl y 
support the formu l ation of t he la,..s I-V. 

I n the light of what has been sa id above, it i s possible 
to es tima te the co l lision imp.1ct parar:lc t e r pract icall y in a1
T10 st a l l coll isions of a hadro n with a taq~et nucleus applyinr. 
informat io n abou t t he proton multipl icity n) obtained i n 
a coll ision event. 1 
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o. 	CONCLUSIONS AIID RlmARKS 

It ha: been proposed above how the experimental information 
.1bout the nucleon emission and ta.rget frar.mcnt evaporation in 
hadron-nucleus collisions at hi~h energies can be sUrrDllarized 
in a few basic laws. The laws were deduced for the case when 
purely nomotonic nucleon eMission occurs. But, such pure emis
sion is a rare phenomenon and we observe usually results of 
a disturbed nucleon emission process . Luckily, the marked dis
turbance appears in a small portion of collision events, no 
Illore than 5- 10 percent and it ,anifests itself clearly in col
li sion eVents with the tTlultiplicities of the eroitted protons 
np -.... DS, where the dia.meter 0 of the target nucleus is expres
sed in units prot/So The limit of validity of the laws I , II , 
TV, and V in applicalions, is then determined by the re l ation 
np ~ DS, ,...here D in prot/So 

Relation (6) is for the emitted protons onl y , and it pre
sents a particular case of the general relation between the 
fTlean multiplicity <nr )o of evaporated fragments of any electric 
charr,e and the multipl i city n N of emitted nucleons 

( I I ) <lIf ' 1,25 ~ , S. 

where A is in nucl/5. The term (A-Z)/ Z in r elat i on (6) vanished 
because it represents the ratio between the neutron and pr o t on 
numbers within the target nucleus~ uhen on l y protons were ac
counted in the nucleon emission . 

The l aws were t ested exper imentally within the in c ident ha d
r on energy i nte rval u p to about 2000 GeV, where the nucleon 
ef!lission intensities wer e under studies ; the constancy o f the 
e llergy and momentum spectra , and a n~u l ar di s lribu tions of the 
efTIitted nucleons wa s tested up to about 400 GeV. Nevertheless, 
,...e hope that the above formulated 1a\15 are va l id through the 
total r egion of pro j ectile energies above the pion production 
thresho ld. 
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CTpyranbcKHfI 3. EI-84-853 
3aKoHoMepHocTH lIpou,ecca JlcnYCK.111110 l-lyKIJOHOU 

Ii HcnapeHHfl flAepllhlX 4lparMcllToo I I') RACP, 

6oMGapAHpoBcUIHhiX ilAPOII<UtH UblCOKItX :JlleprHi"1 

Cq,Opt-tYflHpouaHbI ']flltOllOMepIlOCTIl IIcnYCK.1.HItH lI yKJlOIlOn II nJ.~cp

1If,IX I\lparMeJlTOB B CTOflKI10UellHnx a,u,pOIiOD lU.ICOKHK "WCpl'lln c :1TOM

1lbll-1H flApaMH flPl1DOAHTCfI KpaTKiU1 :1prY~leHTal~HfI npHUCACHllJ.lX cjJop-
MynHpoBoK Ha 6a3e IiMeflX!{HXCfI 3Kcncput-IeHTtlllbllblX ,Q<1IIHbIX . 

PaGoT<l DblnOnlleJ-la B naGopaTOpHYl BblCOKHX 3HeprHH OIDlH. 

Coo5.eHHe 06benHH eHHoro HHCTHTYTa RQepHYX HccnenoB8HKA. ny5H8 198 4 

Strugal ski Z. EI-84-853 
The Laws of Nucleon Emission and Targe t Fragment 
Evaporation in Coll isions of High Energy Hadrons 
wi t h At omic Nucl ei 

Laws o f nucleon emission and t arr,e t fra~ent evaporation 
i n col l isions of high enerp,y hadrons with atomic nuclei ar e 
f ormul ated . An argumentation fo r these l aws is short l y presen
ted on the basis of available exper i men t al data. 
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