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3 Introduction . 

It is now generally recognized that interactions of high- 
-energy hadrons nfth nuclear targets give a unique possibil- 
iQ of stud;ring the hadronic interactions over very short 
time after the collision. The extensive discussion of this 
problem was given in several reports at previous multipar 
title meetings k-43 ( h w ere also earlier references can be 
found) so there ir O no necessit;r to repeat it here in detail. 
In this talk I shall thus concentrate on OX&J one aspect: 
the information one can obtain on hadronic structure from 
high-energy nuclear experiments. 

The main idea here is that, by studying the behaviour of 
hadrons just after the collision took place (mhici: is pos- 
sible by.using nuclear targets) one learns about interaction 
of hadronic constituents (which were present in the incident 
hadron and "shaken off" during the collision) before they 
have time to change again into.ordinar;r hadrons. Such a pic- 
ture of hadronic interactions v;ith nuoloi does indeed get 
support from the data. There are other possibilities of ex- 
plaining data [I- 5 out I shall not discuss the;; here. 

As is clear iron the preceding remarks, in this approach 
the nucleus is treated as a part of apparatus, a Und of de- 
tector which helps to observe phenomena non-accessible to 
ordinary detectors used in high-energy ph;ysics. !Ye ars thus 
interested in details of nuclear structure on17 as far as 
the7 are necessaqJ to understand our detector. In most ap- 
plications is seems justified to treat nucleus as a collec- 
tion of quasi-indesendcnt nucleons. This description shall 
bs used here unless stated othcrzise. It is true that this 
is not the only possioilitJ [3], [6J and tha.t there are in- 
dications for collective phenomena inside nuclei [?'I, but 
we shall not enter into these problems. 

The subject splits naturally into tzo ports: 107: ;lonentum 



transfer anti high zonentuc? transfer phenoaen&. In lor: pt 
interactions one studies the collective interactions of 
groups of hacironic const$tuents travcllirq through the nu- 
clear natter. One thus learns about possible forces and 

, correlations between them. In high-transfer interactions 
usua.11~ DIE or tea constituents are kicked ofl from the 
projectile and/or target. One has thus a chance to study 
their individual interactions in nuclear aatter (hopefulljr 
before the confinesent forces start to operate and change 
then into nornal hadrons). 

In the next section the low nomentus transfer colli- 
sions are describe& High transfer phenomna are discussefi 
in Section 3. 

2. Len p+ phenomena 
2.1. Brief suaum~ of the oresent status 

(i) It is cxperisentalla established that there is very 
little (if axxv) intra-nuclear cascading b:: the fast hadrons 
produced in the hadron-nucleus collisions. This conclusion 
folloLvs fro= the experimental observation that the miiti- 
olici+q of particles produced in collision=. cith heav uu- 
clei is O&J slightly higher t&an the one observed in h-y- 
drogen [8]. The.ratio RA = nA/nI, can be reasonably parane- * 
trized b;r the form& [9] 

a(+ = $0+X) ('2.1) 

nherc TL is the average number of collision; of the inci- 
dent hadron It inside the nucleus 

Fie%e nl, an5 ni: me multiplicities in r,ucl<.uo azZ in hT$ro- 
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cre corresponLin; k:ias-tic nondiflrac- 

-: u LC " *;:le inci&p,; &d,-r~n >:. >iIlallj, A 
is the nuclear ko3ic number. 

&ace jh, Iever exceeds ; even for Lcavjl nuclei(see 
Fig. 1 zhere qb is plotted against .4 for different inci- 
dent hadrons), ::e see from 3~. (2.1) that the nultiplica- 
tion parameter )A is indeed a rather snail number, .and 
thus the cascadiq is excluded. 

(ii) Theabsence of intra-nuclear cascadiq implies that 
production of hadrons js a rather length] process, i.e. 
that the,isyktem going throuqh~ fhe nucl_eus ie,juite~~-.~. ~_ ~. 
different from tke one observed in final state. .In other 
mords, the observed ?ast liadrons are created zostlv outside 
of the nucleus. This situation is illustrated in Figure 2: 
An intormediato state created in the first collision lives 
10% enough to travel through the whole nucleus and to in- 
teract nith other nucleons. This interaction, does not 'create 
immediate17 fast hadrons but it can excite intermediate 
state and perhaps produce some slow hadrons at large angles [IOJ in tne laborator;l frame. After leavinz the nucleus the 
intermediate state decays into observed hadrons. 

(iii) ,Thc theoretical discussion has to confront IXJO 
ijrobleqs: (a) the ori;;in.of the loqz~-tine character of the 
production of high-energ hadrons and (b) the nature and 
properties of the intermediate state travelliq throwh the 
nucleus. The first of these problems oas discussed exten- 
sivelJ in recent years in the context of man7 different the- 
ories and models b-Wl]. A general conclusion reached in 
these investigations is -that the long-time character of "ha- 
4rqni-,c-;i3;-L-." ti-~;z :: -:ztural explanation as being a general 
feature bf field theory. Actually, its origin-is even more 
fundamental and can be traced to the uncertainty principle 

[l, 101. The time scales for production of hadrons suggested 

,by such arguments can be estimated from the f0rmul.a 
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(2.3) 

t is ver3 10% for the,Qpical high-energ lop: transverse 
momentun secondaries. Thus the hadrons are created well 
outside the nucleus and consequentlji do not cascade. 

As to the specific nature of the intermediate state, the 
problem is still open and this is in fact a S1hot" issue at 
the moment. It nil1 be discussed in mre detail later in 
this Section. 

2.2. iiore about the data 

A Qpical example of the A-dependence of the single-par- 
ticle spectrum is presented in Fig. 3. The exponent Oc 
plotted in the Figure 3 describes the A-dependence of the 
spectrum according; to the formula 

d% = Ad&,, G.4) 

In this plot, the value d = d, = a.63 correspondsto par- 
ticle nultiplicit;~ independent of the nuclear size 
2 5*=-&g* . The value d = 1.0 ;Sives the rulti- 

plicit;r proportional to average nunber of collisions of the 
incident particle X , given b;r Eq. (2.2). 

One sees three characteristic features of the data: 
(a) In the central rapidiQ region, 3 < 71ab & jr&is 

approxisateljl independent of ylab and d zdO . 
(b) In the fomard region, close to maxim1 rapidity d 

falls belorr d, . Thus, in this region the number of parti- 
cles decreases wit!: increasiu: nuclear nunbe:. The trawi- 
tion point (d =Oro) occurs at approxinatelj' te:o uuits 
of rapidity beloc the zaxi.zal one. 

(c) Zho value 0" d i;; cv.pr y;+r- 3 si,-ui_'icantl;l zal- 
ier tha.a 1. 

Thes,e CTenerei 2eaT;ures 0s tnE ciats are 0bsxv~U ir: all 



-6- 

high enera eXperimentSa i'Or recent reviews, see Ref. 191, 
@3andfi41. 

At rapidities belon ylab I 2 &.rqet fragmentation re- 
gion - not shown in Figure 3) the experimental situation 
is slight17 less clear because of possible Contamination 
b;~ protons knocked-out from the target nucleus b5]. It 
seems, however, that the data in this region fj6.1YJ are 
consistent mith d L 1, thus indicating particle multi- 
pliciw proportional to the average number of collisions 

7~ and perhaps same amount of intra-nuclear cascading. 
It is also interesting to see the variation of O! with 

transverse momentum of the produced particles b8]. This 
is shown in Fig. 4, again taken from ?ief. b2J. One ob- 
serves increase of Oc for very small,pt below 200 &V, 
particularly in the central region of rapidie. At high 
value of pt we observe again increase of Oc which contin- 
ues further on DY] , as will be discussed in Section 3i 

‘. . 3 Qualitative interoretation of the data 

The absence of intra-nuclear cascading leads natural* 
to the picture of hadron-nucleus collisions where the a&n 
factor rrhich determines the A-dependence is the interaction 
of the incident particle (or its excited states) mith the 
nucleons of the target. Such a picture implies several re- 
strictions which are in good qualitative agreement with the 
data:. 

(a) For the se6ondaries produces in the central region 
of rapidity ona expects KU bd 6 1. Indeed, since the 
number of collisions ck> 1, the number of produced parti- 
cles is expected not to be smaller than in h,ydrogen where 
the number of collisions is (by definition> equal 1. Thus 

d(dd. . On the other hand, multiplication factor is ex- 
pected not to exceed T-, (absence of cascading!) and thus 
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(b) 'be leadin; particle cocctrur; Yh0uil be shifted to 
looer rapiditizo at high A and tkuz c4.i d, in the veq for- 
narci rerjion. Indeed, the leadin; particle is expected to 
loose sore ener.yJ y:jhen travollin; through the heav nuc,leus 

c201 l 

cc, The target fragmentation region (A 2 1)is si.mpl;i 
explained b;r assumption of successive interactions of the 
projectila ho] which thus produces 3~ tines more parti- 
cles than in scatteringfron hydrogen. 

Thus qualitativeu ever;itha follons fron the general 
idea of long title scale of hadronic production as expressed 
in Sq. (2.3). This is of course quite an inportant finding, 
but can one go further and learn norel 

To illustrate the problen, let us consider in inore de- 
tail the process of subsequent interactions of the projec- 
tile with the target, in particular the p&Ciical situations 
which lead to the two limiting cases d = d, and CA f 1. 

The condition d = d, means that the uultiplicit;r of 
the produced particles does not depend on the number of col- 
lisions of the projectile in the target nucleus. Such situ- 
ation arises if -the high-energy interactions are truly of 
short-range character in rapidity. Then the particle pro- 
duction in the central region of rapidiGJ is independent of 
the projectile and the target. 

For d= 1 the nultiplicit-J is proportional to average 
number of collisions. This suggests a simple picture of 
"leading gmrticle cascade" kl] r;here in each collision the 
incident projectile produces the same number of particles 
as in the collision with free nucleon. The total production 
adds up so that one obtains i?.. tines the elenentaq multi- 
plicity. 

Ye have seen that the data, do not correspond to any of 
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these limiting cases, but rather interpolate betneen then. 
The main problem. in the description of single-particle 
spectra is thus to find a pQ%.icall7 acceptable zzechanisn 
which provides a correct interpolation formla for 

d = d (3). 
H 

Let ne stress again: qualitatively the probleD is es- 
5entiall;r understood. %at is needed is the qrecise nuan- 
titative descriotion.rSeveral attenpts0f such qu~antitative 

analvsis were developed. One of the most popular is based on 
Reqqeon Field Theorv~ which was~.aoplied to hadron-nucleus 
collisions by many authors [22-281. Another idea was $0 USE 
the "non,-~inferacting fireballs model" or "realis~gi-tin &e&ding 
particle cascade:' i.e. leading~~particle c+scade ~w~i&x~~~&ergu, 
conservation taken oroPer~ly_~ into~ accoenf. [29-3ii.m .-~ 

I shall not discuss these investigations here for two 
reasons: (a) they mere covered already by speakers on pre- 
vious nultiparticle meetings and Lb) the3 tend to ignore 
the specific internal structure of the projectile b;r enpha- 
sizingkhose general features of the data nhich can be ex- 
plained without referring to this structure. !Thile this is 
an interestixg probleo, it clearljr goes be-Jo&I the scope of 
the present talk. 

Let us no:: see on an intuitive exanplc [32] ho:7 the c&z- 
posite structure of the hadronic projecti2.e cam influence 
the A-dependence of particle Ejroduction. 

Consider a hadmn il composed of I? cmstituents rhicl: cez 
interact; indegendentl;l citL the target. The total nu;ibcr zf 
particles produced at given mpidiQ J is thei? a sux of the 
contribnkiom fro2 collisions of individual comtituents 



--tl; -;he ;z,-ct. ,;incc tyL;n :;~J~~~ of corstituents ::hicl: 
jJ&a~~c-~ ;:‘ilZil jxjectile h :-asses k-.;rol;.~r ,i koo.~~ 2uuclous 
is obviously larger than the one in collision with hydrogen, 
ane obtzix i~crcasc of ;luJti,lici--y zit:: ~2x2easiq ?i, 
i.e. d7d, ' This is ill.u3trated i2 Yi;. 3. Cn the 3ther 
buld, Lhe number of intcractirg c0nstituects is uort lilely 
smaller than the total nusber of collisions of the ixojsc- 
tile with the target, i.e. d 4 1. Thus indeed, the compo- 
site character of the projectile izplics an interpolating 
situation d~ (d < 1 as required by the data in central 
region of rapidity. 

In this picture, the detailed value of d depends on 
specific Qnazical sssunptions about the nunbcr, distribu- 
tion and properties of the constituentc. :Xxerefore ths de- 
tailed coqsrison with the data ;;a~ give informtion about 
them, In the following sections 1~~8 shall discuss this in 
nor8 detail. 

4 Constituent nuarks . . 

A simple node1 nh,ich illustrates the general idea xas 
proposed in Ref. C32l l 

It ims assmed that incident 'badron 
is composed of 2 constituents x‘nich interact independefitly 
vith the taqet. lurthernore, it 7as ossuno~ that intorac- 
tion of 3. single constituent with the target satisfies the 
pri.nci;;le of short-range order, i.e. it is independent of 
the target in the central region of rapidity. 2ith these 
assumptions the prediction of the node1 is (in the central 
rapidiiq re&ion) 

-Q =, k &qi 
/ 

k E;s” ^ > 

$ e 
(2.5) 

Rh8re TC is the average number of collisions of the consti- 
tuent c in the target nucleus. ,The nuizezical value of E de- 
pends thus on the cross-section of the constituent, that is 
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3n th;,- 2u;abe-r of 523 cons;i:uJnt; in kh;G L;rOJEctilz. T?is 

is ohocn in ,'i;. 2 ?or mcleon-nuclzcs xattariz:,- [32]. 
Cne sees -t;12t %ie yredictisn ic ?'-: 3enoi:ive to ,;Ls 

nuiiber of conscituen~s and that tneneutron-nucleus data 

from Ref. [9] clearly indicate N = 3 as a preferable choice 

(131. ~- When translated into formula (2.4), the Eq. (2.5) gives 

0, = . t~4 wnich is close to the value observed in Ref. (12~. 

as-seen in Fig. 3. 

It is tempting to interpret this result as evidence for .~ _ -~ 
the presence of three well-defined constituent quarks inside 

the nucleon [33!~ 34, 351, giving fur-t~her support to the 

existence of important correlations betoeen partoIls inside 

the hadronc [b.70-step structure, sef. [36~). Indeed, ind8- 

pendent production b.y all gartons m0u.l.d correspond to 

N r 00 and thus to 3 z FL in strong disagreement nith 

data. It follows that in the process of particle production 

the partons act collectively in groups i.8. th87 SI'8 

ChSt8riILg around the valence quarks. 

Further support to the constituent quark zodel of ha- 

dron-nucleus interactions ~77as given in Sef. [373 i7here the 

fragmentation region of the projectile :-las discxssed. 'Zhe 

argunent runs as fOlloxs. It is nssuaed that the conentum 

SpecmuLu in the projectile frsr;llenthtion region is deter- 

A.ned by "spectatoP* quarks which did not interact i.e. that 

the interacting constituent quark looses nost of its energ 

into production of Secondaries . The number of such quarks 

ObviOuSly decreaSes r-lith inCresSi= nuclear nunber of the 

target (b;r the argument illustrated in Fig. 5). ,?his Gives 

qtiitative eX&mstiOn for d c&b in the forcard resion 

of Fig. 3. The authors of Ref. {3i'] anal-Jsed the proton and 

a&son spectra in fragmentation reg;ion and showed that the7 

agree- -with data on proton-nucleus interactions a;;*~?0 G&V 

1381 l it mould b8 v8T] interesting to extend this aaakfsis 
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*s ;-;i.;:+zr .zn"r,-lr;s* . 

j\t $i:liz joint it s!:o&5 :;e ;;-ssscd tkat ';lle p3ducfi2n 

decilanis:: r;qgested by t:ie constitsient .;uark xidel 0nC. Le- 
scribei above is very difZer?nt fron the one adoptsd ia 
recozkinatisn i20ac-1s devebpped zeccntl~ b9-41j. In the 
recoshinatioc models three valeme "bare" qua&i are not 
isflueoced 5-f the interaction and thus conserve their ener- 
G7d r;oncntus during the collision. The observed hadrm 
spectra in the :;rojectile fragentation region m thus GX- 
petted to be essentially independent of A (421, i.e. 0~ =@. 
Thus it seew that smite rodifications of the recombination 
oodelz are necessary in order $3 account for mclear at- 
-tenuntion of particles in ttis region 1'. 

As me have seen, the attenuation of fast particles is 
veTI catural in -the constituent quark sodel [34]. 'The de- 
tailed qu+titative predictions depend, Ilo.ol?ever, on details 
of quark-quark interaction, in Farticulnr on the inelas- 
tici-Q coefficient in qq collisions.. The results of Ref.[34] 
suggest that this inelasticit-J coefficient is close to 1, 
i.e. t:lat alsost a.11 the energ of the constituent quark is 
lost duzin;; the collision. It seess to ze that further ex- 
perimental and theoretical Lwesti;ations of this question 
are possible and should lead to a .good detorGnation of 
perimeters of qq scattering. 

Tc sumarize, the constituent quark node1 is supported 
bjr the data 32012 nuclcixr targets. As it is also theoretical- 
l;t desirable for explanation of deei) inelastic hadronic 
and leptonic processes [3Cl and of standard 10s transverse 
aomenixx hdronic collisions b3-351, it deserves, in iq 
opinion, very serious attention. ?he node1 has -7 poten- 
tial possibilities of further qualitative predictions in- 
cludir4 also suclous-nucleus collisions 21 . The decisive 
test silnli 2robabl;r cone fro r? detailed studies of qua&m 
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nulbc ocrzelotions ?hic:: are cL~.octe2ia.-;ic 2or cl1 ~-a:: 
zodelc. 

.2. 5. ?o-kase xodelc 

A ;rescntly accepted ..xdal ~2 3adrons iepicts t-&z as 
aa&? of :xrq .a.rtons, i.e. ;joint-liks constituents. I-C is 
therefore interestiq to investiSatc th& consequences of 
this picture fsr hdron-nucleus collisions [44,451. The 

simplest possibility is the so-c~alled two-phase mo$e~l rd.41 

,shown in Fig. 7. 
After the first collision the incident hadron tums into 

an incoherent collection of point-like .partcns. 'The cross- 
-section for interaction Of a hi&i-enes,-J garton with nu- 
clear zatter is very xall (behaves as ,-' ) "lab and thus the 
parton can not interact again (that is, produce a cascade) 
unless it develops a tail of lowener~~ partons, i.e. 
after it becones the ordinazq hadron. 

The crucial parameter in this zodel is the pa&on life- 
-tine in the laboratcxy frame f = [to , sherc )i is the 
peon imentz factor and 4, is the life tine in the sar 
ton rest frme. .e see that t detemines the fraction of 
par-tons which, at zive-s energy, L-urn into hadross inside 
the r,uclcus and can cascade. Numerical es-t-tea of t b- 

dicate that, if this zmzhanisn is full{ res&onsible for 
the observed increase of 'I& xiitiplicit~, to should be 
rather short: e0 s ,&$ . Interpretations of such 
a surprisiqlJ short life-tises :iere Given iu i2ef. [$a]. 

In the sir+lei;t version described above the too-phase 
node1 oredicts that for the veq fast secondaries, satis- 
fyi% the condition' f )t 3B nhere 2 is the nuclear radius, 
the spectrum;; should not depend on A f423. As ne have al- 
ready seen, this contradicts the data (unless the situation 
changes at :Ligher energiesj. / One should thus consider a' 
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zorc cozi;licatcd sicturc-, t&in? into accost 3uctuations 
of 2arton mucber inside %e incident kadron[22b, 461. Such 
fluctuations can explain ~~ualitativel7 the increasin: mul- 
tiplicity of secondaries in central region and consequent- 
ly the increasing energ? loss in the projectile fragmenta- 
tion region cith increasin;S target thickness. iicwever, the 
predictive poner 0.f such a sc~wac is ver; limited. Indeed, 
before one obtains a better understanding of the charac- 
teristic time t, one cannot even conclude that cascading 
effects 2re necessw to describe the data. Taking the 
conservative point of view , one w sa~that some cascading 
of secondaries should be present at least in the target 
fragmentation region and thus i;he tzo-phase mdel can pos- 
sibly be useful for description of the data there. The 
best nap to test the model and to determine to is to meas- 
ure directljr the amount of intro-nuclear cascading of sec- 
ondaries for different regions of rapidit;r. Such measure- 
ments of‘cascading nould be particularly interesting since 
the value of C, is clearly of importance for understand- 
ing hadron structure and eleaentaq interactions between 
partOnS. A possibiliQ of such a measurement is discussed 
in the next section. 

r 2.5. Conclusions and ;?moosals for further exoerments 

Ye have seen in the preceding sections that the A-de- 
pendence of particle pro&&ion from nuclear targets is 
sensitive t0 the internalstructure of the projectile. The 
present data support the constituent quark model, i.e. the 
clustering of the gluons and qi sea pairs around the val- 
ence quarks [33-351. TO test this picture further, one 
nould need better inform&ion on the following issues: 

(a) -Amount of intra-nuclear cascading, 
(b) &e&r:: of different particles in Me projectile 

fragmentation region and their correlations with the asso- 
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ciated r;ultioliciQ in central rqion, 
(c) ~:. uantum number correiations oetzeen t;Le rcjectile 

and particles Lzoduced in the projectile fragmentation re- 
gion. ,Thio should show characteristic features of t‘he zuark 
model (e.g. different A-dependence 'for favoured and un- 
favoured reactions). 

The last two points are readily accessible for experimen- 
tal investigation and some new experiments are under 9~ 
[47J. one may perhaps think of extending them to tigher en- 
ergies in order to separate better the fragmentation re- 
gions of target and projectile. In thiis context let me re- 
mark that the experinents :Tith heav ions at storage rings 
seem feasible and :yould be particularly effective. The7 
could at the same tine test the extension of the existing 
models to nucleus-nuclcue collisions. 

An experiment to measure directu the amount of intra- 
-nuclear cascading mas proposed recent& &3]. It was sug- 
gested to measure the photoproduction of particles asso- 
ciated nith the fast vector meson in the final state. dc- 
cord+g to vector do minance model the photon changes into 
a vector.neson which travels through the nucleus and inter- 
acts as a normal hadron. Q triggering on different vector 
mesons, one can t3.1~3 select interactions nith veq differ- 
ent number of collisione inside nu~leus~ as seen in Pig. 1. 
In particular, %en triggering on heavy vector mesons y L 
or Y the number of collisions, even for heavy nuclei, is 
close to 1. Thus an;l substantial increase of associated 
multiplicity mith nuclear number A must be due to intra- 
-nucfiier cascading which is therefore measurable in such 
a process. Another interest in this experiment is that it 
should provide very clean leading particle spectra. Indeed, 
the veci;or mesons 4 , q and Y once created are un- 
likebl to change into other particles when travelling 
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-‘;~,-ouf.,-.l -;he :ucicw q~ecause ~32 102 ixlc . In L‘his respect 
';;leyj sre -*~cpI js'ytsr '>:lzA ;>?ACl$3rs ;znd ,3iOil,S. ?bllT, 
these ..A? asuzezlents coti< >cr>aps &li, ia m&rstsndiq t& 
~o~iou 'iehavi0ur 33‘ 0bsor>tion cross-seocion of LG.&- 
-ener:TJ ghoWus [$Y] + 

2. tizh transfer 0henonena 
2.1. :otivation and -;henoaenoio,- 

According to the present 3elieVeS. in the high-transfer 

( ) "hard" processes one observes direct interactions of 
elenentaq hadronic constituents (partons). 11 simplest eu- 
ample is deep-inelastic leptogroduction. 

Schenaticall;r, the pmcess proceeds in mo steps: (i, a 
parton (quark) is struck out of the hadron; (ii) the garton 
decays into observed hadrons. *?ron the studies of lepton- 
-nucleon intaractions one ham a fairly good knowledge of 
the first process. Eonever we are rather ignorant about the 
mechanisns of parton decay (which is additionall;r compli- 
cated 37'the interaction with the rest of the hadmn as re- 
quir0d b-J the principle of confinement). A particularly in- 
triguiq question is the tine-scale of this decs.v process. 

,910 extrene possibilities can be considered: "hadroniza- 
tion" of a parton wy be a lony; ?mcess nith the charact0r- 
istic zinc- goportional ts the parton energy; or it na;i 
happen -xhat the peculiar character of the confinenent 
forces inplies fast change of the parton into hadrons, in- 
dependentI. of its enera. In the connonlj accepted picture 
of hard processes 150-521, the first option is chosen: the 
fast garton kicked off the hadron 3ehaves as a 'Fquasi-freen 
particic. i.e. its decay is practically independent of the 
rest of the 2mcess. This picture suggests tha-c indeed a 
fa.st+arton dews far fron the interaction region, i.e. it 
conserves its identity for a rather long tine before the 
confinil;liient forces Start to operate effectively. 
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In such a case She cxperitlents with nuclasr tsrgets cyive 
us opnortuait-1 to stud7 the interaction of :-he !?artons with 
nucleons ai? :;z target nucleus. 3is is illustrated ia 3i.g. 
8, again 1'or leptoproduction: the cwrk, ilroduced from; one 
of the mcleons, Gravels though the nucleus and can inter- 
act :Tith other nucleons. ?his final-state interaction can 
be estiaated b-1 studying the A-dependence of the process. 

The starting point in the .ihenonenologicol discussion of 
the A-dependence of hard processes is the fomula 

suggested by the short-title character of the reaction and 
its snail cross-section [53]. The interesting physics is 
thus contained in deviations fron the formla (3.1) which 
axe the lain concern in the an&;lsis of the data. As an il- 
lustration me shon in Fig. 9 the data from Ref. L54] * vlhere 

the exponent d (Eq. (2.4)) describing A-dependence of 
single-particle spectra in proton-nucleus collisions is 
plotted versus transverse nomentus of the produced parti- 
cles. Cne sees indeed quite strong deviations fron o( = 1 

at large values of pt. 
Such deviations can FOssibl~ arise ,'ror i;hzee different 

physic31 processes: 
(a\ ;Phhe final state interactions in the ilUdeUS, as dis- 

cussed at the begjnniug of this section. 
[b) The nuclear structure at short distances w be nore 

complicated than nornallJ expected. In such a case the sin- 
ple relation (implicit in the Eq. [Xl)) 

N&5) = A $(%,I 
ma7 be not satisfied [55x54. at least for some values of 
the Bjorken mriable ,xX Here "A and ITR are paxton densities 
in nucleus and nucleon, rospectivell. Violati'on of Eq. (3.2) 
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aem -chat mc1eu.s comet always i;2 treated as a collecti 
of ;luasi-free nucleons. 

(c) ,-or * some Anematic comLi,;marions ($0 ';e discussed 
in the next section the shadonin.2 effxts > [jj&J ZX~ tic 
not negligible. 
Thus the natural first step in the >henocenological discus- 
sion of the data is to separate the effects of different 
pwsicol origin. This can be achieved hi comparing diff&r- 
ent processes: leptopmduction, production of lepton pairs 
and high pt production [55,561. 

The analysis of the existing data(presented in the next 
two paragraphs) indicates that nuclear structure and shad- 
owing effects &oints lb) and (c> above\ are unlikely to 
explain the large deviations from Eq. (3.1). as seen e.g. 
in Fig, 9. Consequently, the dominant origin of such de- 
viations is most probably the final state interaction of the 
hadronic constituents produced in the fkst hard collision 
with the nucleons in the target nucleus. This is a 
lucky situation - a most interesting process is the dominant 
0x35 and therefore comparativela eas7 to stud;r. It is just 
this oircusdme which dl0w.s to be optinistic about the 
possibilities of nuclear interactions in revealing the ;:a- 
dronic ,structure. 

2.2. Tine scales and distances involvsd in 11ard erocesses 

The isportant point in the two-step pictm of haxd pro- 
cesses outlined in the previous paragraph is the assumption 
that the first step is of short-time character, as opposite 
to the second step 2*hadronization*~ which takes a rathsr 
long tine. For anal&~ of experiments with nuclear targets 
this Short-time character of bard processes is of crucial 
importance because it detemines the longitudinal distance 
in nhich %he process t&B place. In particular, if the re- 
levant distance is shorter than 1 femi, one say safeb ac- 
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. 

. 

cept that 3rlQ sne nucleon ::a8 involved in the hard process. 
cthenise one lxs ~‘0 take into account the ;3ssible coilsc- 
tive >henxten.a, zag. the shadov:iq effects. 

Let 2s see ho-:: the irinenatic conditions jetermine t:;c 
tine scaics and distances [jl] involved in leptsproducsion 
and in production of lepton pairs. 

(a) Leotoproduction. In electroproduction the time scale 
is given by the life time of the virtual photon 

&= ’ 4 

E-&-E& 
2 - 1 

M xa * A?- 

a* where il is tkii nucleon nass and x3 = - 2iJ v . The variables 
E, ;:’ and 2X are energies of initial and final electron 
and of virtual photon; Q* is the four mcmentum transfer 
squared end y = E - E'. 

If one requires that no more than one nucleon partici- 
pates in the process, one obtains the following condition: t_rq * x, 2*2 (3.4) 

The same conditions are also valid for neutrinoprcduction. 
It follons from %q. (3.4) that in lcptoproduction 

processes the nuclear shadoning effects can appear 
oni~ in snail x 

01 
a region and should disappear for x3> .2. 

Production of leoton pairs 
Here the time scale (and the longitudinal distance in- 

volved) is determined.by the life-time of the q;i system 
before its decay into a lcpton pair. In the rest freme of 
the pair this time is given by c, ” +- 

ee 
nhere 1.7 is the invariant nass of the pair 3/ 

ee . in the lab- 
oratory frame xe thus Pave 
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4 = b- E,40 = x ,a,6 
/lo t 

(3.;) 

-hero :zlab = ?iee /x -2 , ab 3nd T = :..ee/S are the Scaling ?ari- 

ables. ;iere see is-the ener.3 of the ?air in the 1aborator;l 
frame, Zlab is the incident energ and s is the total c.m. 
energ squared. 

It follons from 37q. (3.5) that th e condition for inter- 
action with no nore than one nucleon is 

J, 

t’,<lp * rk %.dlo 0.7) 

,The condition sinilar to (3.7) should be applicable also 
to large pt production. Horrever, in this case the measure- 
Rent of variables correspondiq to xlab and ic -is much 
mere difficult as they refer to final jets rather than to 
leptons. 

3.3. Humber of oartons in the nucleus 

The measurements of total,lep~oorcluation cross-section 
on nuclear targets [56J are schematically shown in Fig. 10 

whe.re the exponent (Y from the formula (2.4) is plotted 5/ versus 
xi = :!'/($ + X2). Since the total leptooroduction cross 
section is proportional to the number of partons in the 
targetas seen @y-the incident lepton, ana is independent of 
final state interaction , the gig. 10 gives immediately the 
deviation of this number frorr the sinple formula (3.2). Cne 
sees .that the observed deviations are veq small indeed, ex- 
cept in the closest neighbourhood of xB z 3: d is rather 
close to 1 for xe, .J5. 

In We r&on :$< .55 the values of d are si@fic?t- 
17 belon 1.~ 'I'his can be interpreted as shadoi7i.n;; effect 
nhich. as ::e have seen in the ;recedix paragraph,is actual- 
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17 e::pc$^;d $0 C;OE us in this ie;iou sIlaI?~?l ;;y;;": 
coerce :;odei predicts even sore ::‘ c f 
line .in Tig. 13) and is inconsiste;lt nith data COJ. 

Thus the .;enerai conclusion YZOE the data shorn in Pi;. 
1C is that, if there exist deviations froa the forsula 
(3.2) A,_ &e7 are ver;l mall and do not contradict the idea 
that the nucleus can be trea-ted ES a collection of quasi- 
-free nucleons. 

This conclusion is confimed b;j tLe data on A-dependence 
of the lepton pair production. Here GL is consistent sith 
1 for rz.1 and Oc L 1 in the region Z-X 3. Again, as 
discussed in Section 3.2 , for ~5 Z-. 3 the produced virtu- 
al q: state lives long enour" + so that one expects some 
shadoVJ:ing in this region. 

To sumclarize, the nuclear structure does not introduce 
significant complications. ConsequentPJ, apart from possible 
shadonimg effects tihich should be fair17 easy to identify, 
most of the A-deoendence observed in lame transfer oroces- 
ses originates from the final state interaction inside the 
nucleus. Thus indeed the nuclear experisents appear to be 
a ver;r good tool for study& the interactions of partons 
inside the nuclear mtter. 

.4. Final state interactions in leosooroduction 

Leptsproduction is a particularly clean case for studT- 
ing the final state interactions because the struck-off 
parton is expected to be a quark with definite ener,3 and 
nomentus (detersimd from the sonenta of the initial and 
final leptons). One thus obtains a sort of "taggedn beam of 
quarks interacting nith nucleons in the target nucleus. 
Such zell-defined initial conditions simplif-1 substantial17 
the analysis. 

Let us nom discuss some possibilities of interaction of 
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an energexic quark ;roducoti Cron one of t-Lo nucloons and 
travell.ia;,- -:~hrou;;‘n the nuclcur;, as illustza;-cd ia Zig. 3. 

(a) Annihilation of the (anti) quark with one of the 
quarks in .t:ie .tar,, -nt and formtion of a lot XLSS meson. Ihe 
characteristic lcatures of this process me (a) its sensi- 
tivity to the qua&m numbers of the produced nesons and 
(b) the nonentm of the produced meson is to a good ap- 
proximation equal to the ilomentun of the interacting quaik. 
Its presence aould thus strongly sodif the A-dependence 
of the structure of jets observed in leptoproduction fron 
nuclei. Cn the other hand. annihilation cannot c-e the 
jet cross-section. Thus it can be easily identified b7 
conparing A-dependence of single garticl;: spectra and of 
jet cross-sections. Theoretically, this process should de- 
crease rather fast nith increasing enera of the quark and 
thus itis unlikely to play a significant role. 

(b) Herd scattering of the quark. Here the characteristic 
~feature is the production of ITWO jets in the current frag- 
aentation region approxiJnatel;r~aligned along the direction 
of the initial @ark 6 Since the exchange of quantum nun- 
hers is unlikely (gluon exchangeI), at least one of the 
jets should lzn?e the .%me structure as the one produced b7 
the original qua&. ,Phe identification of such zxo-jet ?ro- 
cesses -2Jould thus give direct ileasurenent 02 Lard quark- 

7/ -nucleon scattering. . 
-cc) Ailtiple soft scattering of the quark with possible 

emission of soft &ions. This process is very difficult to 
estimate theoretical13 8/ . However, since the total cross- 
-section for interaction of an energtic saint-like quark 
with nucleon is presmablj ven small, the standard preju- 
dices suggest that aulti~le scatterin; is negligible and 
thus the effect should disappear for high quark energies 91 . 
r’or lower energies the life-tine of the quark w be short 
enough to allon the decay into ,hadrons inside the nucleus. 
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fhiii 7oul.d ;roduco sigaificant cascading >henozena, ?roba- 
bl7 easy to identif;, thus allowing the neasurezent of 
the quark life-time [&I]. 
Thus the sumary Of 'the theoretical expectations is as 
follovis: Zor the high ener,7 quark there is essentially 
onl;r one possibilit;7 left, amel hard scattering from one 
(or more) nucleons in the target. This leads to a clear- 
-cut prediction that an;l SignifiCant A-dependence fin the 
cur+ed fragnentation region mst be associated ;aith tuo- 
-jet structure of the events. 

Such a situation is expected asPptoticall;r, at veq 
high quark ener;;ies. To face the reali~ me have to con- 
sider also, however, That 2nd of effects con destroy this 
sinple picture atilowerquarkeoergies. One was dmiscussed al- 
read7, the quark decw inside the nuclear natter. Another 
one is the possible interaction of the "colour polarization 
cloud" [ J 51 which is formed together with the high-momentum 
quark struck-off b7 the lepton. Such a polarization cloud 
(made of glwns and q< pairs) travels together with the 
high-nonentum quark (to neutralize finally its colour) end 
accelerates along the r?a;r. Thus it can reach energies up 
to 2C GeV within a heavy nucleus and produce mltiplication 
of particles in the target fragmentation reg~ion, similar 
to that observed in hadronic reactions Cohere the analogous 
polarization cloud is formed [5t_]). Thus even without asy 
finaLstate interaction of the fast quark in the nuclear 
matter we would expect the additional particle production, 
distributed in rapidity as shown scheas.ticall;r in Fig. 71. 
T!ae effects of final state interaction should be thus 
looked for at rapidities above the ones corresponding to 
target frsgmentation region, i-e. above 3-4 units. Conse- 
quentk], the required enera of the quark should be well 
above 53 GeV. 

Another problem one should take care of is that, for 
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mall ;: 3’ the reaction can goceed (at Least ,7artl7) Lj a 
generalized vectx doM.r.ance r?echanisn. In suck a caze 

the iilteraction is caused by a iladron-like q< s;rster and, 
consequentl;r , should be siniiax to badron-nucleus colli- 
sions. As discussed in Section 3.3, this effec-c should dis- 
appear for XB> .2. 

L%ozl the existing data one has a limited information on 
A-dependence of the single particle spectra..In Fig. 12 
the average nultfplicity produced in emulsion by 150 GeV 
mlons [Sl] is compared with that obtained fron bdrogen 
target. Cm3 sees clearly a multiplication of particles over 
the whole range of the 9jorken variable W = $& . The pseu- 
do-rapir3i.Q distribution of the particles produced in the 
same experiment axe conpared in Fig, 13 vrith those pro- 
duced b-3 protons and pions at the energ approxinateu cor- 
responding to the average enera transferred, Q the scat- 
tered man to the target. The spectra are similar, but one 
sees a difference in the central region where the produc- 
tion by nuons is si@.ficantl-j smaller from that b7 hadrons. 
In Pig. 14 the projectile fragmentation region measured in 
electroproduction experiment @] is shorn.. A clear at- 
tenuation of fast particles is observed. slightl:J weaker 
than ia hadronic interactions shown in Tig. 3. 

jT!hus the existing data Lardl~ show any characteristic 
feature which would be qualitatively different Zr;J;,tke 
ones observed in low pt hadron-nucleus collisions . One 
is therefore forced to conclude that either (a) the fast 
quark does indeed interact with nucleus similarly as a nor- 
aalhadron, or (b) in the data shown in Fig. 12-14 the 
specific quark interactions are nasked by other effects. , 

Since the first possibiliw appears rather revolutionary, 
the second one should be quite carefull; studied. Indeed, 
one cannot exclude that nhat one sees in Pigs 12-14 is 
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mai&] ,th:c interaction in %lc r;ucls~ zatter of the ~colour 
Qolarisation cloud" described befor-. The rapidity range 
available in the experiments [a-531 is not large enough 
to decide eonclusivelr; (taE?et fragL=ntation re,sion elr- 
tends to nore than half Of the available range in Ref~. [jl) , 
'and even further in Ref. Cd aEd L631) ,The crucial Qoint 
is nhat haappens cith increasing ener,--j of the quark: nil1 
the uultiplication extend to higher rapidities, or mill 
it stay confined to then K&t f_raqmentaf~io.n ~resi~onL~-_- ~~~~._~~ An experi- 

~., --..,~~ .~~~ 
ment which would clear up these problems is thus badly needed. .._~. ~. ~. .-.. 

To &mmarize, there is no evidence inthe present lcpto- 
production data for any specific features of the interac- 
tion of a faetbere quark~in nuclear matter. -.~ ~-_~- It may be argued, 
however, that higher quark energies are necessq in order 
to see clear17 such effects. It seems thus northWile to 
study this Qroblem at highest possible V and for %> 0.2, 
where the pattern of the data is expected to change and 
thus to be qualiiXtiVe1~ different from the one observed 
in hadron-nucleus reactions at lot pt. If such change of 
pattern is not observed, the present17 accepted ideas about 
confinement mechanism and interactions of bare quarks should 
be rather Qrofoundly reewd. 

3.5. ';"inal state interactions in large pt. pro~cesses 

The strong A-dependence of hard processes (Fig: 9j'was 
originally discovered in large pt production (-l@54]. This 
finding was immediately interpreted by man-~ authors [&J-67] 
as the effect of final state interaction in nuclear matter. 
However, the quantitative analpis of large pt data is 
quite difficult. mainly because the mechanism for elementa= 
hard collisions is not 3et nell understood [52$&&d. Con- 
sequently, it is not clear mhat partons (or groups of par- 
tons) are interacting in nuclear matter. Shatever the case, 
it is certain that the final state interactions are more 



- 24 - 

complicat0d than in case 02 le@productioD. 2hus it seem 
to ae that 3er2 is veq little chaxe of ::_uantitative illl- 

ders?c;ndiL; of large i;t :)henomena in nuclei before one 
clears up the situation in leptoproduction. d very promis- 
ing approach, ::or;ever, is the sinult3mous investigation 

of large pt phenomena and leptopr0duction.:Jith the hope ta 
learn about the effects nhich arenot easily accessible in 
Leptopr~oduction alone, e.g. the interactions of energetic gluons 
in nuclear matter. 

In vies of this rather complicated situation, it does 
not seem possible to list all 0f the arising possibilities. 
Therefore I restrict Qself Otis to few remarks about im- 
plications of the existi= data for the relative importance 
of different processes zbich ~~37 occur in nuclear matter. 

(i) In agreement nith the theoretical expectations, the 
annihilation of (anti) quark in nuclear matter doea not 
seem to pla;l an important role. iiOr the proton beam the an- 
nihilation mechanism isunlikely to produce large pt K- 
or F because the projectile does not contain the relevant 
valence quarks. The actual calculation [69] shows indeed 
very little contribution to K- production fr0n annihilation, 
contrary t0 the data shoonn in Xg. 9 where h-dependence of 
K- production is strower than for other mesons. 

c ') iz There are no data on event structure and thus the 
existence of hard parton scatter- in nuclear matter is 

snot established. Eioweverl the existinK data are certaw 
consistent with the presence of hard scattering;, as seen 
from Pig. 15 [74 h m ere A-dependence of the jet cross-sec- 
tion is shown. The observed Strom A-dependence shams that 
the Gresence of the nucleus c-es not or& the jet struc- 
ture abut also the number of jets - as expected in hard 
scattering mechanism. 

(iii) ginal state interaotion me&ani& implies ~that the ~~~ ~~~~ 
A-deDendence of a hard Drocess can be reDresented in the form 



of the series 

drA = A f c, p c, A” + c, A=“+ . . . } (3.5) 

nhero -3~ consecutive terns are positive and azise fron 
final state interaction rJith 3,1,2,... nucloons in the 

target [64-67). It SolLov~s Z'ron the Eq. 0.8) that if onl;r 
one nucleon is involved in the final state interaction)& 

cannot exceed the value 4/3. A @nce on the data in Fig. 

9 shows that this condition is veq zell satisfied for 

hf, r- and K' production. However, for K'-; p and t the 
limiting value is reached and even exceeded. This strong- 

17 indicates the preeence of 30~~ complicated final state 

phenomena involvin: at least two nucleons fron the target. 
(iv> The data show an anonalousl-1 large enhancenent of 

proton production in the presence of nuclear zatter (for 

proton beam). This indicates existence of additional mech- 

anisn. In view if the remark (iii), a natural candidate 

is the h.ardsoattering of more than one valence quark of 

the projectile from different nucleons in the target nu- 
cleus as illustrated in Fig. 16. This can explain a large 

value of d and is also consistent with the :;resent ideas 

on large pt uG]on production in elementar;r collisions 

@4,73X 
(v) The strong A-dependence of I(- and E productioq~is 

tllfficult to interpret. It might also be--caused by hard 
scatter~i&q ofS+eral (anti) ,qu-@rk~s from diffe-rent nu&&in ~~~~., I~ ~-11) 
th~6 target. -. -HoFv=r r I ~~~. ~.~.~ _ rt is not clear why such effect should 
not appear for other mesons as-well. J feel that qn$y care~fui 
quantitative domparison of the contributions for all produced 

particles cau~ settle the problem. Also, t&comparison with 
leptoproduction (where such-process is not expected to-~t~akr, 
place) ~ehould be helpful. 

As we have seen, the leptoproduction data show 
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~i~-Ci,-f&.r LoyJ transverse .laaliT;a - ;;olocl 1 .‘i - 2 GeV - 

ona 52~0 can .,- :-,Q s;ep~r~t& ;.a$* 
'20 s.mari-e, c;j.Jilzi, .] 2.3 ir leptsp~~ductisn, 21~0 L; 

la,.rge L>t b;b.pics there is no dcfinit.0 evidence 2or the 
iaost cnzracteristic final s%ats interaction, i.e. the hard 
scattoxin; of tke fast bare n_uark. Stron,- nuclear eahancc- 
-lent or' 13o.z;~~ and antibaryon production indicates actually 
that the dominant effect is the interaCtiOn Of groups Of 
>artons with several nucleons in the target. Thus it might 
be not very easy to separate out the really elementary ~~~ 
processes. Here again, the necessity of detailed comparison 
rqith leptoproduction data is evident. 

.6. Conclxions 

The comon ideas about 'AC elenent~; bard i;rocesses 

inp1.y Che existcace of the finai s-bate interaction of quasi- 
-free kre ~artorio i-n :~uclc22 :2tter. ..e ilave seen thaat the 
ex.isti;q datC on lopsoprodaction aad Iliz+ 3.,. ;henozena i:o 

" 
indeed indicate t:1e ;resenco OI' Z&al c'Gate interaction Lf- 
fectn. ,?he characteristic Lcatures of the data do not ;eea 
to correspond, however, Q0 tke expectctions one has about 
the 'interaction of quasi-free bare ?artons. It is not on- 
tire17 clear nhether '&is is due to tke 1inita~ios.s ia ac- 
curacy cad Znenatic ran&e of .ChO availoblc data, or si~ould 
be ratt::or considered as iadicotion of mexpectcd aspect0 of 
.sarton &ysics. %rtkcr poF;rr-ss liepen& cruciiJ.ljl on reso- 
lIltiOn, 3f this :zoblcn in future exoori~catts. l-0 points 
are of particular interest: (a) does the 2ultiolicntion of 
parziclos observed in JcfS (511 and [W] extend beyond the 



&qc-; :-~--,?~;;~-;ion ;'y-cn, (>?d (-2, c,an 223 <ixd c;vi&xcc 

23.p kc+ ;:;$t:,-iLz Of ;msi-<zee .332 ;,.~rtor~. ~0th .;kesc 

.pes-;is:-s 23~ Iesz h cris2ereti :;>: ;zecisc le~to?roductioa 
,-AT; :,i;ilcst ,:ss3l'~l.? 'y z-:perll;-zi;u bI d z:; > .L, zeasu2iii; 

Lath lsn- rod >Ligfie-$ror;rvcrse -3~~~~'cI;I; jzsi- dc; (with ro- 
spect to direction of -;L:e exc>.azz;od c~~zerit I* 

It is obvious t&t the ansEer to these ;.roblea &s iz- 
zediato cocsequeacos a.130 for 2lenent;arri interactions. 
<These consequences can be nctunll; quite draaatic, should 
the nuclear experiments contradict .Lhe cxiatence of quasi- 
-free fast bare partons in the final state of the clesen- 
taq Lard process. It seem honover too early to specula-te 
further cb0u-e His :;ossibility. 
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Footno-xs 
l/ In viec of this, the estiziates of %ie :'cnhanced qc sea" 

$'I : 
mouid be reexaained. 

For collisions of ti.70 nuclei nith nuclear aunbers A and 
B. the mltiolication in the central re$on is given b7 the 
fornula E s TAB/(ycA 3 CB) [321 iiere vAB = AB 0-A S,/O--Ah 
is the number of collisions under-ent ba nucleons in projec- 
tile and in the tar,^ct, -hereas 7 CA and qPB are the nun- 
ber of collisions of the constituent .quark Ia nuclei A end 
B, respectively. Ihis formla is consZstent with the comic 
ray data 1131 - 4 



3/ The +;?ils-~c~-s=- 2omzt-a -2” --.c-.icc’t;+, ~23 -jqlif;, I;i;e -*-‘3-’ 

~?iscussisn. 

.+/';;e z=gisc-c 202 ;i;igiici->; ->ha cOrrecti :'zoc -ieLoci'L;; 
of the ,:air Loi+; sznll;-r ';&n 0. 2ti.s eJ'i;cs7; ;:: ne&igi';lc 
1n praoTlce. 
5/F& 2'i-m" 13 " adapea _'+yy ;;ef. [xq . 
6/ Another 2oin-i of vie5 zas cx>ressed k l-ef. LjFj] There 
the fine structure seen in 2ig. 13 -as discussed in detail. 
It nas argued .:hat at high ,;,2 there is DO shadowing at all 
and .L-bus ths data silonn in .U3g. IO 3eas'uze the actual n'us- 
her of ;:nrtors !..a the rucleus. it thecn f3110:7s fron cner,T 
conservatt;zon that if d< 1 For Ic,% 3, <here exists another 
region (sot 2 r from X, = 3) r:here d > 1 ~~antishadoning). 
Such effect is indeed indicated by the data of Xg, 10, 
althoughl -the large errotis do not allot to cake a definite 
statement. hatever the case, it is clear that the effects 
discussed, .although certain&] Foportant for understanding 
the underl-jing physics, are veq small tieed aad do not 
contraulct -:hc ;cnoral Dictum that the strong A-dependence . 

obserrcd ia 50% lard processes (see e.g. - 1,. - 3) mst oris- 
inate from f'iml s;-tat-e iaterac:ion. Let 2s also mention at 
%.is point -2:x-; .;,;e ideas *,I T&f. [?5] "a I;y tested by 
conparir,- the Aaction d (::$ fron Zig. 10 Tziti the func- 
tion Oc (x8= :::% 1 obtained frcn B-dependence of the produc- 
tion of Zzell-isn $irs. I!ere :CA = .5[pTiF - x&nd 
X is the Fe;mnzan variable of the pair ia the nucleon-nucleon 
c.Lz. frame. In the linit of L ligh pair zaases acd for liz- 
ited transverse nomecta, these C::o functions are expected 
to be identical (as *keT both Leasure GX ;:u;lber of garto,ns 
in -iG? mlcicus) , 
7/ Such interactims can affect the estiaztos of the number 
of ;;iuon $2ts in elmentary collisions, if -L-tie oxperizent 
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is yxCo33ed on zucclear +;ar;;ct, as is the case for :;ost 
.gf -the ;=eutrho ?a?;: (frivatz coZiur,ic2.tisn Lxn2 3, .:orri- 

son J- 
31 POT cxa&le, a reliable esttia-ce Iron :$:D ::oul2 require 

a non-Ferturbative ~:rcetznt. 

9/ This ,soint of vie(1 can be questioned. 3. Andersson 

(private communication) estimates that a fast qux& looses 

significant fraction of its energ :;hen passi% t&au& 

a heavy nucleus. 

"'This point :;as partictiark] eaphasized in Ref. [63]. 

11/ Such multi-quark phenomena seem to be quite natural in 

the constituent interchange model [681. 
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r"igure 1. Average number of collisions for different ixi- 
dent hadrons plotted versus atomic num~ber of the target. 

Figure 2. Intermedia- 
te state travelling and 
interacting ixide the 
nucleus. 
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Figure 3. Exponent d from 
the Xq.(2.4) plotted versus la- 
boratory rapidity of the nega- 
tive particl,es produced in 300 
Gev neutron-nucleus collisions 
Cl21 .Prediction of model from 

Ref.D21 is also plotted /conti- 
nuous line/. 



04 A + -+ .* # ’ 5c;lc 6 
6c~cS Figure 4. Tariation of the 

exponent o( nq.2.4 / 
with T;ransverSe momentuiil 
of ti;e produced parti- 
cles b2]. 

lean-nucleon and nucleon- 
nucleus collisions in the constituent 
quark model. 

Figure 6. Predic- 
tions of the model 
of Ref. (321 compa- 
red with the data 
of Ref.[g]. 
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Figure 7. ,Tno-phase :nodel. 
Dashed lines denote partons. 
Full lines denote tiadrons. 

Figure 8. Final state interaction of 
a quark in lep7;oproduction from a hea- 
vy nucleus: /a/ annihilation, /b/ hard 
scattering, /c/ emission of soft gluons 
and decay of the quark. 
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Figure Y.A-dependence of single 
particle spectra at high pt(54] . 

Figure 10. A-deoendence of 
total electroproduction 
cross-section. 
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Figure ll.Rapidity distribu- 
tion of tke Farticle multipli- 
cation by the 

tion cloud". 
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+ ErnLlfSlOrr Figure 12.Average multipli- 
city of particles produced 

0 H'rdf-ayes by 150 GeV muons in Saulsion 
and in iiydrogen[61] . 
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Figure I:. Pseudo-rapidity 
distribution of Farticles 
created in &nulsion by 
150 GeV muons, compared 
with hadron-induced rea- 
ctior,s [61] . 
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r'igure 14. A-dependence of 
particle prodmtion in 
current fragmentation re- 
gion [62]. 
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Figure 15. 
high-pt 

A-dependence of 
jets (701. 

Figure 16. aard scattering 
of two quarks fron different 
nucleons in the target. 


