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1. Introduction 

Prediction and experimental diacovery of cumulative proceasea /1/ 
and their further wide experimental and theoretical inveatigation 
cauBed numeroua modela for explanation of thia' intereating phenome
non. Common property of alI the modela ia participation of 
maaeive (heavier than a nucleon) internucleus object in the proceee, 
on which the production of cumulative particle occure. Depending 
on the manner of creation of thia object in the reat eyatem of a 
nucleue, alI the modele can be divided into "hot" and "cold" one s 
/2/, i.e. the modela, in which the masaive object is created by an 
incident hadron /3/ (due to the multiple rescattering Qr the "colo
ur charge-exchange" or the fireball for.mation, etc.) and the models 
assuming ita existence are an inherent property of the nuclear atruc
ture. Theae objectsare fluctuations of the nuclear matter density 
"Blokhintsev'e fluctons" /4/ originally propoaed for the explanation 
of intensive nuclear-fragment knock out and production of high momen
tum backward p~otona /5/ and regarded now either aa multiquarkconfigu
rationá /6,7/ or aa few-nucleon correlBtione /8/. 

As a main experiment allowing one to distinquish between theàe 
two big classes of models one may chooae a deep inelaatic acattering 
of leptone on nuclei in the region of Bjorken variable values X ') 1 • 
Since the Bjorken variable can be interpreted 8a 8 minimal target 
maaa in nucleon maaa units and lepton practícally ia unable to comp
ress nucl~ar matter or rescatter, the lepton "aeea" structures exis
ting only in a nucleus. 

Up to now, in the X > 1 region there have been two experimen
tal obaervationa in favour of the "cold" modela: the SUC experiment 
on a deuterium /9/ e']) .... e.' X in the X ~ L 7 region (Q2 ~ 8 Gevl) 
and the preliminary data of the NA-4 co Lfabo ra t í.on /10/ .f'l C ...,./,'X 
in the X ~ 1,5 region ( (t =. 2 OO -;- :3 OO Gtv•• However the 
first process cannot be regarded aa completely deep inelaatic one 
because Wx ~ 1...5 -7 2.5 Gtv. The aecond proceaa ia needed to 
confirm the correctnesa of the event aelection method; thua, one haa 
either to wait for the final NA-4 reault or to teat it by another 
collaboration (e.g. NA-37 111/ ). 

Meanwhile, even now one 'aeema to have an oportunity to obtain 
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quite definite indications of the type of the model. The matter is 
that in alI "c oLd " modela the cumulative par-t tc í,e distribution is 
proportional to the nuclear structure function which is expressed 
through the nucleon structure function /12/ ; hence, the relation 
between different cumulative processes can be obtained. It ie done 
in Section 2. In Section 3 we parametrize the epectrum of cumulative 
stripping nucleone of a deuterium and check this parametrization for 
deep inelastic processes on a deuterium; the above~med[oned relation 
for cumulative pians and K+-mesone is checked in Section 4. The 
productions of cumulative mesons on heavier nuclei are also discussed 
here. In Section 5 we discuss the obtained results and the role of 
productions of cumulative K--mesons and antinucleons for investi 
gating quarknuclear etructure. 

2. Mutual connection of cumulative processes 

Common property of the proposed "cold" -type modele ie that
 
the invariant cross section of the AB- hb- prooess for the par

ticle in the fragmentation r~gion of the A nuoleus at small trans

verse momentum has the following forro:
 

A 

PA ... ~ (X I 'J I p.L) ~ ; ~~ = ) !~B (~ )':J, pJ.) FA (o<) ~ , 
P x o( (1) 

wbere FA are the structure functions of a nucleue (dlvided by 
the baryon number A), !~ la a functlon whoae choiae dependa on the 
production mechanism of a particular h-partlcle rather than af a 
nucleus, i. e. the aane as in the HE - hX process on a nuoleon; x, y _ 
variables will be defined bellow. 

Really, the cross section for thelimit1ngfragmentation mechanism 
/1/ is simply proportional to FA , L e'- ir (~) '" ~ (~ -1) . 
The fUBion model h 3/ is' characterized by the aame property. For the 
hard scattering model /6/ , one can eaBily derive 

i 

I;(!, ':JJ p~) ~ ~ Jp F8 (1') 'D, (~ ~ ~) # (~.' ~) P~) 
'dI(1- X/o<) 

where fB ) 2>~ and #- are the strcuture function of an 
incident hadron, the fragmentation function Df a Bcattered parton 
into. h -hadron and tbe cross sectlon of a parton BubproceSB, respec
tively, and X =- t.l/s ) ':1 = - tis. Finally, for the dual Btring 
model /14/ 

2 

tB(~) ~ ])h (~). 

Now, let ue consider the nuclear Btructure function. In the 
claseical potential picture of a nucleus, any structure function is 
expressed by the nucleon dietribution (defined by the one-nucleon 
wave function) in A nucleus and by the nucleon structure function 

F"N(X) 
A
 

F (X/.Qa) = ~ 1Ã (o<) FN (~ ,Q2) JQ( J

A 

X (2) 

noting that the 1Ã dietribution must be normalized to conserve 
the baryon number (when the valence quark dlstribution F ie3 A 
taken for Fp.), 50"TA (<><) Jo(:= .1, and the energy-momentum (when the 
summary distribution SA + G-A of alI quarks, antiquarkB and 
gluona ia taken for FA) , )A<:>(lÃ (ol)tio< = MA /Á.t')1 ~ j • Subatituiton 
of (2) into (1) immediat~lly givee a simple connection between the 
cross section of the process on a nucleus and that on a nucleon approp
riate for the X ~ ~ cumulative region 

A. 

PA ~ J, (X,~= ) TA (o<) PN.. ~ (~ ,. p.L.) 
X 

(J) 

Additionally, one can say that the multiquark fluctuation (OI' tbe few
-nucleon correlatione) make contributbn to the high-momentum part 
( ~ > 1 ) of the lrA -function because, as it ie known, the 
conventional Permi motion hardly describea thia part of the cumulative 
particle spectrum /15,7/. 

However, the inveetigation'of deep inelastic ecattering off 
nuclei showa that the nuclear etructure function in general cannot 
be reduced to that of a nucleon, i.e. there ia auch a connection like 
(2) with only one indivieible function lrA for any distribution 
of quarke and gluons. 

This ia most brightly revealed in the s~-calledtrEMC-effect"for 
the ratio of structure functione of the nucleua A and deuteron 
/16-18/ • 

The indepandence of QCD evolution equations of the target type 
allows one to conclude /19/ that for the nucleua A and nucleon in 
general there are connectionB ·like (2) with three independent diBtribu
tione: one for the nonsinglet channel (for valence quarke 1 F3 ) , ,-:~ 
normalized on the baryon number conservation 
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SA (X, Q') =- \ T/\,,) SN (~ )q') J,;', ) ~,.,\~),,, ~ J 

1-. o (4)
 

and two for the aing1et channe1 lrA-
+ 

(for the sum of the dist 
ribution of a11 quarks and antiquarke r: and gluons G lo ). The


2 

ana1ysis of the EMC-effect, however, shows /12/ that, one can obtain 
a good quantitative deacription of the ratio R of the structure 
functions within the who1e experimenta11y known X region, aaau
ming first1y,that T....-+:=.i,:"=i:normalized on the energy-momentum conaer
vation 

A A s 
F (X, Ql) = ) ~) (c{) ~N (~, Q~) ~d- \0( ~ (IlI.)J"" =& ~1

ZA	 ) A·r.t I 

X li 

(5 )
T s ,NS

and second1y, that A and 'A integral1y differ from each 
other in 4 7 6 % (for medium and heavy nuc1ei): 

A 

)	 (TAS - I A 
IV

.5) Jo< = /J.A ,-.." 0.04 -:-0.06 1 

O 
(6 ) 

name1y the number partic1ea in a nuc1eus ie 1arger than A • Hereoí' 

auch delicate detaila Df the R ratio as the independence of tbe 
X~ 0.21 point (where R=1) of A are a1so natura11y reproduced. 

Further experimente of the BCDMS and EMC co11aboratione for 
F-e/l) and fA./'J) retioa /20,21/ a1so confirmed the sma11 

( .... 5%) deviation of R from the unity in the X ~ O zegf.on, 

To provide the Bame EMC-effect va1ue for va1ence quarks in the 
-X > 0.4 region that fol10wa from the experimental fact of the 

approximate equa1ity of X· ~A and F~A in thia region, it 
is a1so neceasary that 

A A NS ~ 
) (i -o<) T:S(<<) Jo( = J<X LT; (<<) - TA (o<) 

1
JcI.. ~ A J 

O o	 • 

(6' ) 
i.e. that total momentum of "va1ence" nucleona ia ama11er than tbat 
of a nucleua, 

The difference (6,6') inevitab1y leada to the nuc1eus consiating 
not on1y of quark-antiquark and gluon aeaa contained in "va1ence" 
nuc1eons but of, though not big ("-i -1::1 '" ) ,yet as hard as tbe 
va1ence quark diatribution, the "co11ective" sea of quark-antiquark 

4 

paira 
A A 

0A (1-,Q')==. ~A-x'F;A =- JT~S(o() ON~)QZ)dc< ... J[-r,..S(d.)-"T:t.Lil~N~IQI)Jo(. 
X	 • x 

(1 ) 

The 1ast statement comea from tbe equa1ity 
A A 

<: 0<0' >:= ~o( lT; -, ~SJ J;/ 5(~s - T:S 
] s: ~ i 

o	 o 

This particu1ar1y does not a110w one to pack the co11ective sea in 
real pions for wbich <0<0') =: '""'/rn ex ~/1- • It ia the co11ective aea 
that defines the antiquark spectrum in hard region. 

Thus, we see that for secondary partic1es containing nuclear 
va1ence quarka, one can consider with accuracy of a few percent that 
liA ~ -r:~ ~ lrA

S and use expression (2) and hence (3) with the 
norma1ization 

~AJ!:J.T", (o() ot <J. := 1 - t:::. A ) TA (<:l() J~ ::: 1 
o (8 ) 

The inclusion ofthe co11ective sea in (1) has a paramount importan
ée	 for partic1ea not containing nuclear va1ence quarks (e.g. K- and 

p ). 
As for the TA distribution of riuc1eona, one certain1y can 

consider toe connection (2) as the definition. The main ques
tion is how we11 it correaponds to the nucleon distribution observed 
in the proceaaes like ~ A - e.'p (A -1) ,in stripping of ligbt 
nuc1ei or in cumu1ative production of nuc1eons where the main mecha
niam seema to be the nuclear diasociation /8/: 

I e/I, JÃ ri )D '""" ~ ~ (o<) 
r A ....W (9) 

Just this fact must be examined first1y by comparing with ex
periment the deuteron structure function in the deep ine1aatic e1ect
ron scattering (especia11y in the X > 1 cumu1ative region) ca1cu
1ated in accordance with the formula 1ike (2) by uaing the lr~ (~) 

distribution obtained from the deuteron atripping. To the point,one
-nuc1eon wave function obtained from the e1J ~ e: pn and that from 
deuteron atripping agreea ratber we11 witb each other /22/, and thia 
permits one to expect a good agreement between (2) and the deep 
ine1aatic scattering data. 

Then using tbe same ~ (o<) we check the re1ation (3) that, as 
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it haa been mentioned above, dependa neither on the detaila of the 
fragmentation, nor, on the detaila of tbe nuclear atructure, and ia 
defined only b~ tbe atructure function of a nucleuB. 

It is necessàry to note that such a studying was carried out 
by 1.1.Frankfurt and M.I.Strikman in late aeventieth (aee reviewa 
/8/) uaing the deuteron wave function including ahort-range correla
tiona of nucleons (for a review of other theoretical approaches 
ae~ the paper by V.A.Karmanov and I.S.Shapiro /23/). However, 
firatly, after the EMC-effect waa diacovered it became clear that 
the standard wave function normalized to energy and particIe number 
contradicta experimento Secondly, aince then the new data on tbe de
uteron stripping as well aa on cumulative nucleona knocked out from a 
deuteron were obtained. Finally, according to the data /24,25/ on 
cumulative protons for medium and heavy nuclei ina wide energy region 
up to 400 GeV, a more correct acaIing variable of the AB -. C)C 
process aeems to be the "minimal target maaa" (ao-called Stavinsky'a
-Xs . 

r-r» - IM t Ma 
X =. As <pAra - rotA M,) - (PA pc - tuA Me) 

(10 ) 
wbere PA, J,c. and h1 A, B,C. are 4-momenta and maaaes 
of the nucleus A and particles B and c.. Next important 
advantage of this variable with reapect to tbe light-front one ia 
that its Iimit value Xs = A ia reached at the proce8s kinematic 
boundary, i.e. the very view of formul~s (1) and (3) demanda that 

X -= Xs • For the deep ineIastic lepton scattering (10) co1na1des 
with the Bjorken X 

3. Definition of the T"Z) -function 

1st us consider parametrization of the lrb (~) - distribution 
of nuoleons in a deuteron and ite determination from experimental data. 
Ite torm depends, certainly, on a nuclear modele As it has been men
tioned above,tbe atandard modela of tbs Ferroi motion f.il to explain 
the oomparat1vely large cross aections of tbe cumulative particle 
production and need bypotheaia eitber of tbe multiquark fluctons or 
of the short-range few-nucleon correlations (PNC) in nuclei. 

Tbe lrA (~) -àistribution in tbese cases can be repreaented 
as follo.a: 

6 

A 

= L Pie.
A

. ~ (~)T" (o<) 
1C=1 

(11 )Ao 
where PIC. ie the probabili ty of the 3/1:: -quark con
figuration (or of the K -nucleon correlation) and T k (o<) ia the 
effective dietribution of nucleona in auch a formation.The difference 
between these approaches ia that 'for muItiquark fluctons 

A i

S<l(T~ lol.) do( < )~ ~ (o<) ~o( 
(12 )e O 

i.e. the total momentum of'the valence quarka of the flucton correla
tion ia amaIler than the aum of momenta of ita constituent nucleona, 
while for tbe FNC the valence Itnucleona" muat carry' the wbole corre
lation momentum. 

1et us uae expresaion (6) 'with the ~ (ol.)-diatribution detined 
by the Paria waYe function and the effective'nucleon diatribution 
Ttc (1:1I.) in the 3 I< -quark flucton choaen in the following forro: 

"..". ) 8KTI( (o{) :=. Cl("~ (K- o( • 

(13 ) 

The 8K value ia defined from the comparíaon of tbe ~xpreBeion 
for the structure function (2) with the valence ~uark diatribution in 
the '3 K -quark colourleas aystem which gives the model of th,e 
quark-gluon dual strings /26/: 

-«,,(o) 2[1 -~,(a)](k:-1) + «((0)- 2;(.(0) 
1"(X)'"'- XI(. '(i-X k ) 

where XI( =:: XII( ,o( It.(o) and a(' B (O) ~ - 0.5 ~ O. O are the intercept 

of the boaon <r. -I J A2 I ~ ) and average baryon ( N A ) ReggeI 

trajectoriea. Here, the expresaion ~R(O) - 2 õ<'e,(O) ~ 3/2 in power 
index correaponda to the vBlence querk diatribution in a nucleon 
/14,15/, and the additional factor (1 -X ) Z[1-";;('8((})](te-1) ie due 

k 

to the delay probability of (K - 1) "nucleons" (quarka and diquarka) 
/14,16,27/. Tbia givea only Ba: = 2 L.i - =< ~ (O)] (1'-1) -1 and automati
cally reproduces the Regge behBviour of the inclusive epectra Bt 

X IC - 1. The value of the power index AIC. and the co~fficient 
C of the nucleon effective diatribution are defined by normalizaK 

tion oonditions of the Tk -!un9tión 

7 
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A A


STIC. (01,) do< == 1 ) o{ T k Cc/.) Jo( = i - jj, K
 
(14 )

oo 

wbere 6 K definea tbe value Df average momentum Df the c01lec
tive aea Df f'Luc t ona , Sínce Â,. =0.04 7 0.06 . I and due to 
tbe fact that for the ~ (~) -diatribution defined by the Paria 
potential ~1':=' O for the aix....quark flucton (neglecting other 
multiquark atatea) 

~A . A c: I1Az 

and for the probability of multiquark atatea ~A::::'10 -;-20% the value 
of' l:::.% ia about 0.25 -7- 0.50. 

- ) "2)In thia paper the valuea <:XB (O ,A 2 at1Q ~ are conaidered 
aa free parametera. The data on the deuteron atripping with energiea 
2.1 /26/ and 5.75 /27/ G~v/N	 and thoae on the cumulative protonI 

production off deuteron at 8.9 GeV/N momentum /23/ were fitted. The 
variable (10) ~aa uaed aa the. acaling one and 

T~ (d.) = )~... \ "t'P••;, (~'>l2 ~ (<>I. - ~ - K.)
( I'~+,., . 

(15 ) 

Fig. 1. The Bpectrum of protons produced at 
1800 in the pD~ pX reaction; the dash-dot line 
the contribution of the spectator mechanism with 
the Paris w.f. of deuteron; the dashed line - the 
contribution of the f~uction component. f'~ = 
= 3.6%; the solid line - the summary spectrum; the 
experimental data (the relative normalization of 
data ia given' in the text): • - 2.1 GeV/nucle
on /28/; • - 5.57 GeV/nucleon /22/; . 
8.9 GeV/nucleon /29/. 

Since the diatribution 
li I

Ill' 

,	 Tl) (Q() = ( f - Pz'Z» ·Tt (Cl{) + ~'1l.1; (ll() 
~ \O l2 ~ 11 • 211 X.	 definea only tbe formo Df tbe pro

ton momentum apectrum. each group 

o

of the data has been 'fitted by meana of formula (9) with its own 
normalizing coefficient. These experimental data (corrected by the 

8 

correspondent coefficients) and	 curve obtained by the fit are shovm 
in Fig.1 , the fi tting <?f the parameters givea 

2 8 (o) -0.05; 112. = 0.34; pt = 3.6%. 

We have to note that in accordance with its definition the six-quark 

flucton in the t:{::::::. 1.5 region may not also include the 

:~
 correction due to the final state interaction /30/. One haa to atreaa
 
tbat the expression for -r~ (~) haa to be treated no more than the 
parametrizationa Df experiment, since the value Df a multiquark admix
ture in deuteron dependa eitber on chooaing one-nucleon part or the 

form Df '-z (~) 
Now. ~ing the obtainep effective nucleon diatribution,one can 

examine the relationahip (2). Thia will permit one to anawer the 
queation to what extent the. function 1Ã (~) entering in (2) 
reflecta the real nucleon dlatribution. 

We will use the SLAe data /9/ in tbe X > 1 region at 
Q& = .2 -;- ~ Ge v2 • The reaulta of thia compariaon1 ) are shown 

in Fig. 2,where the daahed-dotted curve corresponds to the atandard 

~'j1 

IÓ
6 

làS 

1,3 1,4 1,5 1,6 1.7 

Fermi motion (the Paris w. f. ) wi th Psb:O. 

It ia aeen that in the X"> 1 region 
the agreement ia rather good and 
thia allowa one to conclude that the 

lr~ -function ia cloae to 
the effective nucleon diatribution. 

Note also that the distributionT~ obtained here practically 
coincides with that used in /33/ for the description on large-P~ 

meson production in proton-nucleus collisions /34/. For the explana
tion of the cross section of pJ)-1iX process /34/ (wi th account of 
double xescattering). one needed the contribution of a flucton com
ponent in a deuteron to be about 2+3%. 

\') 
1 )Here. for F; H(X) at Q& < 4 ~yl tbe parametrization /~1 / and 

at Q~" ~ Gev2 the parametrization /32/ wers.,uaed. 
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4. Cumu1ative meaon apectrum 

. Now we w111 examine the re1at10nah1p (J) for the oumu1ative 
productíon of 1r~and K+ - meaons on a deuteron. For 

FN ~1T, K+ (X) =. 4!)p (X) the approximation of the experimental 
data from the paper /J5/ was used. In Fig. J the compariaon of the 
ca1cu1ationa by formula () with the experimental data /36/ 1e shown by 
the solid 11ne. The daahed- dotted 1ine correaponda to P: = O. Good 
agreement of the théoretica1 curve with ~xper1ment ahows tbat the 
mechanism of the cumu1ative pion fragmentat10n on a deuteron 1s the 
same aa that on a free nuc1eon with1n the exper1m~nta1 8oourBcy. 

OI 
u 

~t 
"li 

..
-.!.. 
.~ 

l8 
... 

. 
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R 

10 

aJ 01- 111 

Fig. J. The invariant croas seation of 

IÔ' 

10~~1-~N-"--"'-

lÔ'

10" 

!Jít-mesons emitted backward in the pD.....Jí+X 
reaction; the dash-dot 1ine - the calculation 
result for the semi-sum of the spectrum ofjJ+

mesons in pn and pp - co11ision8 according to 
the Fermi motion (the Farie w.f.)j the dashed 
1ine - the ca1culation according to the formula 
(1) only with account of 6q-state in deuteron, 
pf = J.6%; the solid 1ine - the summary; 
• _ the exper~ental data at po = 8.9 GeV/c/J6/. 

~ 

"

' 

\2 l,4 \6 ',8 X. 

It 1s 8 pity tbat' there are no good enoguh data on deuteron at 

ang1ea c10se to 180 0 for cumu1ative K~-mesonB. In F1g. 4 the 
predict10n for the 1I'"t/ K+ - ratio for an ang1e 180 0 and the ..a

i1ab1e data /37/ at 90 0 and 150 0 are shown. Here we 
a1so p10tted (by the dashed 1ine) the resu1ts of ca1eu1ation (see 
e.g. /38/ uaing the approximation (instead Df the convo1ution (4» 

,t
( , I 

~ 

i 

I
 
I 
I 

,1 

:1
 

Ao

U'- (X) _ 4- pA. !J6tJ(~). \ 
j( 

Tv(<l()~o( 
(16 ) - L k: ~$f.) " j ...

d3f "'=1 r x 

One can see that, firBt1y, the reau1ta do not differ strong1y from 
each other, and seeond1y, the weak ang1e dependence of the ratio 
1ftIK'" may be expected. The "TI' - and K't - meson production on heavier 
nue1ei needs apecia1 conaideration becauae of the different A-dépen
dence of their cross aection in the cumu1ative region /)6/. Thia 
difference seema to be hard1y exp1ained by expressiona (3) probably 
due to kaon secondary interactions with nuclear matter becauae of tbe 
kaon shorter formation 1ength. So, aasuming for the rough estimation 
to zero formation 1engtb for K~ -meaona (for cumu1ative piona it 
1e aasumed to be greater than the nuclear aize) and tak1ng 1nto 
account the K't -msson rescattering (see Appendix), one aan obtain 
the A-dependence shown 1n Fig. 5 ( J~ A_ "t Ari. I, It ie aeen thattV 

the formation'length difference can give the observed effect • 

d. 
1,8 

1,6 
1,4 

1,2 

r 'J:. ....~4- 1 
1,,0 I I 

0,5 
I 

Q6 
I 

.rJJ 
• 

)p ~.,/c 

Fig.5.c!-=& (PA,!PA,J/tn (AliAI.) vereus 
the momentum p of K+-mesons, where..Ff,. = 
=f1:fp - the inclusive spectrum of K+-me

, s ons produced in the pA-co11ision at an 
o

,angle af ~ = 180 • The dashed i8 given for 
A = 201pb, A = 21Al; the 801i4 1ine - for A = 207pb• A = 12c;

1 2 1 2
 
• - the experimental data at po = 8.9 GeV/c /36/.
 

Secondary nuc1eàr effects are certain1y essentia1 in the non
cumu1ative reg10n '/.. < i as it is indicated by much stronger 
deviation of t"he rat10 Df cross sections PA ... lI /p :b...v from 
unity /39/, than that in deep ine1astic scattering /16-18/. 

5. DisCU8810n 

So, we show that at 1ast for the deuterium nuc1eus, for which the 
secondary nuclear effect. seem to be sma11, the speetrum of cumu1ative 
partic1es with common with nucleus va1ence quarks with an'accuracyuP,to 
severa1 percent is determined by the effectlve distribution Df nuc1eons 
in a nuc1eus, which clear1y speaks in favour of the "co1d" modele. 
Concerning beavier nuc1ei the comparison of data with Exp. ()'1. 

a110ws one to eetimate what part of tbe cross section i8 due to the 
secondary nuclear processes. 

10 
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The above mentioned accuracy is defined by the difference between 
th'e Tt and T:s diatributions in the hard part of' spectrum 

X > 1. However, it does not mean that in a Ll, cases the quark diat
ribution in a nucleus is reduced to the nucleon one with this accuracy. 

N5 The difference between li and TA leada, as it has 
been stresaed in the Introduction, to a completely new element of 
the nuclear atructure - the additional collective nuclear quark-anti
quark and gluon sea, which though characterized by a small parameter 

ÂA (o r b. 1 for the mul tiquark fluctua tiona ), however 
haa the aame hardness Df the distribution spectrum as the valence qu
arks have, Thia circumstance playa the main role for the spectrum of 
those cumulative particles which do not contain nuclear valence quarks 
such as K- -mesons and antinucleons. One naturally expects their 
apectrum in the X > 1 region to be fully determined by this 
additional aea because of much faster decreaae Df the nucleon sea. 
By this reason the study of such cumulative particlea giveB an 
interesting apportunity for a better understanding Df a true nature 
of the difference between the nuclear structure function and that Df 
a free nucleon. 

So, if this difference occurs due to the rediatribution of va
lence and sea quarks in the multiquark fluctons /32,40/, as it has 
been aaaumed 'in Section 3, in the region X::::- 1, where the muãtiqu
ar.k component contribution to the valence quark diatribution is yet 
not big,and the contribution of collective sea antiquarka becomes 
dominant, one haa.ct o expect that the pz-oductã.on ratio K + / K- ~ 

t.(A (X)/trA(X) will depend weakly on '}. and will be of the order of 
'J ID A. A. ~ Z / ÂA .=::. 307- 'tO (for medium and heavy nuc Leí In the ,..., I l LJ2 }, 

X ~ 2 region, where the multi~uark fluctons become dominating 
also in the valence part, this ratio muat fall down up to ~ 

2 /6
2 
~ ~ -:- 6 • In contraat with thia auch a falling down IDUst not 

occur if the rediatribution of valence ~nd sea quarka takes place 
over the whole nucleua (either due to a redistribution in each nuc
leon /8/ or due to repumping of a part of nucleon momentum2) to a 
meson /42,43/ or a nucleon-antinucleon component /12/). 

The same information may be obtained also from the cumulative 
antiproton resesrch. Moreover, this inveatigation g~ven an information 
about possible packing of the coll~ctive sea. If this aea is packed 
án nucleon-antinucleon pairs (the interpretstion of the paper /12/, 

2)Non-nucleon degrees of freedom in nuclei are slao given in /41/. 
~ 

12 

the main mechaniam of the antinucleon production will 0e antidiquark 
fragmentation; one has to expect rather a big value of the ratio 

15 / P "v I1A /2 • Such a big value aeems to contradict the experi
ment /36/ where thia ratio at the aame X (though at 900) is lea~

3•
than 10- If there ia no auch a packing to antinucleona, the mecha
nísm Df the fragmentation Df the nuclear 8ea antiquark to the anti

111 proton becornes dominant, which leada to an oddit1onal suppreasíon of 
the antiproton production. 

I 

Thus, 'the proceasea of the production Df curnulativ e K- -mesona 
and antinucleona are an intereating manifestation ofthe spocific proper
ties tbe quark atructure of a nualeua and deserve apeaial investiga
tion. They will be conaidered in one of the next papera. 

Authora are indebted to L.S.Azhgirei, V.V.Burov, L,L,Frankfurt, 
S.B.Gerasimov, L.P.Kaptari, E.M.Levin, G.A.Leksin, M.G.Meacheryakov, 
Yu.A.Panebratsev, V.S.Stavinaky, M.I.Strikman, K.A.Ter-Martirosyan, 
A.I.Titovand N.P.Zotov for uBeful discussions and intereat in our work. 

Appendix 

The A-dependence of cumulative K+ -mesona was estimated in 
the following way. This meson waB aSBumed to be produced by the inter
action of an in~ident proton with a flucton and further rescattered 
on quaaifree nucleona of a nucleUB. For comulative K~ -mesona with 

X < 2 one can choose as a flucton only 6~ -clustera and 
el'8att~ KN-acattering because of amall energy of K~ -meaons. Then, 
in the quaaic18ssical approximation the apectrum of K+-meaons 
produced in f A -interaction can be represented as followa: 

A \ J, 'I-f:' :!..t..~)rI.R',frA-<'.l',Pl) = P, 'f N~' ) t (p, CI1{l) f E JSl. J 

~IJ)_ J 
\ ~V-.L~ J6k:N J.Q'cs: - 6 (A.1 )J ~J2 ,IR'K N 

A 
zwhere P ia the probabili ty of the 67 -component in a nuc

leua /2,1/; 

V - 6~N ~ ( " 2)
N1 -= ~! (6"N Tt-(ti ~») e .p( l; i) dl t, ~5 
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ia the effective number of the V -mu1tip1e interactiona of cumu
t1ative K -~eaon; jJ (t(~) ia the nuclear denaity; 

T+ a i);:: çO'" 0(' -l') Jc' . <5 ia the total croaa aection(	 J~.r' , ."...li 
of the K+N-interaction· P (P, c.~~) ia the spectrum

l'	 ) t
of K - meaona from the interaction of protona with the G~ 
-f1ucton depending on the momentum and the acattering ang1e ~; 

cA6kN /d...R. ia differentia1 crose eection of the eLaa t í,c Kt' N
-acattering; p J E are the momentum and the energy of final 

Kt' -meeon. Integration limite in (A.1) are considered in detai1 
in /30/. Here, we have neg1ected soft rescatterings of an incident

I' proton. 

11. 
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E~peMoB A.B. H gp. E2-87-355 
Oõpa30BaHHe KYMynflTHBHb~ agpoHoB 
B KBapKOBbm MOAenflX ~parMeHTa~HH ~YKTOHOB 

AHaJ1H3ffPYIOTCfl I<:BapI<:OBbIe MogenH oõpasoaaaaa KYMynHTHBHbIX 
qaCTHl.J, H EMC-3<lxbeKT. nOIlI:aSaHO, 't{TO ace OHH xapaKTepH3YIOT
ca yHHBepcanbHott caaasro CneIII:Tpa KYMY,TUITHBHbDC HYKnOHOB H ce
qeHH.n I<:YMynaTHBHbIX qaCTH~, cone pxamax aanea-rasre KBapKH 
flgpa. llpOBogHTCH npOBepKa 3TO~ Cnn3H gnH ge~TpoHa H oõc~
nae-rca pOJIb BTOpHtIHbDC anepasrx rrpoue ccoa ,IJ,JIfl THJKenbm anep . 
OTMeqeHa ocoõaa pOJ1b "MOpCKHX" I<:YMynflTHBHbIX tIaCTHU (K-, p) 
B nOHHMaHHH npaponu pa3J1HtIHfl CTPYKTypHbIX <PynI<:UH~ nnpa 
H cBoõogHoro HYKJ10Ha. 

Paõo-ra nsmorraena B JIaõopaTOpHH TeOpeTHtIeCIcof! <PH9HKH 
OmB1. 

Ilpenpmrr Ü6'beJJ;HHeHHOrO HHCTHTYTa HJJ;epHhIx HCCJIeJJ;oBaHHH . .uy6Ha 1987 

Efr~mov A.V. et aI. E2-87-355 

Cumulative Hadron Production in Quark Models 
of Fluction Fragmentation 

Quark models of cumulative particle production and the 
EMC-effect ·are a~alyzed. It is shown that alI these models 
are character~sed by universal relation of the cumulative 
nucleon spec t rum with the production cros s section o f cu
mulative particles containing nuclear valence quarks. 
Testing of this relation for a deuteron is carried out and 
the role of secondary nuclear processes for heavy nuclei 
is discussed. Special role of "sea" cumulative particles 
(K-,p) for understanding the nature of the EMC-effect is 
discussed as well. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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