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A phenomenological picture of the parton recombination model for shadowing at small values ofx is applied to hadron-nucleus 
J/t~ production. Agreement with experimental data is obtained provided that a further suppression of J/~ production inside the 
nucleus is taken into account. 

It is well establ ished that  the cross section per nu- 
cleon for interact ions  between real photons  and nu- 
clei decreases with increasing nuclear  mass number  
A. This effect is called shadowing and is not more than 
the s imilar  observed effect in hadron-nuc le i  scatter- 
ing. It is by now clear that  the fact that nucleons in- 
side a nucleus are shadowed by nucleons on the nu- 
clear surface is also present  when the incident  photon  
is a virtual  one as in deep inelastic scattering. In sum- 
mary, shadowing implies  

a~.l < A a y N ,  atl.~ <Aat, N, ay.~ <Aa-~.N . 

It is worth mentioning that these facts are by no means 
obvious in the framework of  the pat ton model, where, 
due to the intrinsic incoherence of  patrons, one should 
expect a cross section l inearly growing with A. 

Shadowing effects have been clearly observed in 
muon-nuc leus  deep inelast ic scattering [1] which 
have also been analysed from a theoretical  or phe- 
nomenological  point  of  view [ 2,3 ]. 

Very recently, the E537 Fermi lab  exper iment  has 
repor ted [4 ] on the J /V  resonance product ion  in 125 
G e V / c  15 and ~ interact ions with Be, Cu and W tar- 
gets. These data  clearly show nuclear  target effects in 
the sense that the J / ~  product ion  is suppressed in W 
interact ions relat ive to the rates corresponding to the 
lighter targets. The E537 exper iment  claims that 

the observed effects, especially pronounced  for the 
Feynman  x variable xF>0 .5 ,  are opposi te  to any 
EMC-type effects previously reported.  However,  it 
has been pointed out [ 5 ] that the kinematical  region 
explored by the exper iment  is certainly coincident  
with the region characterist ic  of  shadowing of  deep 
inelastic scattering, and does not correspond to the 
region where the s tandard EMC effect occurs. 

In order  to complete  this scenario, it is necessary 
to recall that the J / t~-hadroproduct ion  cross section 
is generally suppressed with respect to the Dre l l -Yan  
cont inuum one due to absorpt ion effects on the res- 
onance when the reaction is in a nuclear target [6 -  
8]. 

In this note we present a phenomenological  analy- 
sis of  nuclear effects in J / ~  hadroproduct ion .  In this 
analysis we found it necessary to include an effective 
J/t~ absorpt ion in nuclei after its product ion where 
shadowing-like suppression is considered.  

As a first approximat ion and in the standard quark-  
par ton language, shadowing could be unders tood as 
due to a kind of  fusion of  partons,  more probably 
gluons, coming from neighbouring nucleons in the 
nucleus. This effect should be clearly present at very 
small values of  the scaling variable x where the sea 
contr ibut ion  is dominant .  This means that at very 
small x, quarks and gluons from different nucleons 
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are no more independent  in the sense that  they are 
not directly assigned, as in the naive par ton  model,  
to a given nucleon. As deep inelastic scattering is con- 
nected to the infini te m o m e n t u m  frame, the phe- 
nomenon  of  shadowing is related with the longitudi-  
nal size o f  nuclei, nucleons and par tons  [2] .  The 
spatial  par ton  dis t r ibut ions  overlap,  at a given im- 
pact  parameter ,  i f  the longi tudinal  size Az, o f a  gluon 
or  a sea quark, is larger than the longi tudinal  Lorentz 
contracted size of  the nucleus, zXz~. Notice  that  the 
effect will be present  even i f  A z >  Azx, where Azx is 
the longi tudinal  nucleon size. The longi tudinal  di- 
mension of  a par ton o f  m o m e n t u m  px, with p being 
the nucleon momen tum,  of  the order  [ 9 ] A z ~  1 /pc  
and for that  reason par tons  of  very small  x can cor- 
relate. It is clear that  gluons domina te  the nucleon 
m o m e n t u m  sharing, then they are the pr incipal  pro- 
tagonists of  the ment ioned  overlapping.  It has been 
already shown [ 10 ] that  the recombina t ion  ofg luons  
at very small x contr ibutes  negatively to the gluon 
evolut ion equat ion giving rise to an effective shad- 
owing correction. As a consequence,  a detectable re- 
duct ion of  the nucleon structure funct ion in this ki- 
nemat ical  region of  small values of  x occurs. In the 
present case of  J / g  product ion,  domina ted  by the 
gluon-fusion mechanism,  it is necessary to extrapo- 
late the above argument  because now the probe is the 
gluon instead of  a photon  (real or v i r tua l ) .  F rom a 
simple phenomenologica l  v iewpoint  we have de- 
cided to extend the approx imat ion  to gluon in i t ia ted  
hard scattering, 

It should be not iced that  this k ind o f " s h a d o w i n g "  
is not the only nuclear effect present  in our problem 
because the A-behaviour  at small values of  x(2 } is dif- 
ferent for the s tandard  Dre l l -Yan  processes and for 
the J /g -p roduc t ion  cross sections, as has already been 
poin ted  out [ 8 ]. In other  words, J / g  product ion  pre- 
sents clear pecul iar i t ies  that  are probably  related to 
strong screening effects. In par t icular  there seems to 
exists an unbalance between elastic and inelastic re- 
scattering originated screening [ 11 ]. There exist also 
other causes for an , , t-dependence of  the product ion  
rates as the possible interact ions of  par tonic  consti t-  
uents of  J /w with the nucleus or the interact ion of  J /  
~i~ itself with nucleus or even the interact ion of  the J /  

const i tuents  with other  quarks or gluons co-mov- 
ing with the hadron [ 12 ]. In any case, each of  these 
effects is related to different kinematical  regions of  

.v, and p 1 • In what follows we discuss this combined  
effect in an entirely phenomenological  manner  
through the in t roduct ion of  an effective factor fixed 
from previous experiments.  

Before presenting our approach and just  to make 
our proposal  self-contained, let us fix the relevant  no- 
ta t ions and defini t ions and discuss the kinemat ical  
aspects of  the problem. 

A typical  hadron ( h ) - n u c l e i  (A) react ion like the 
one under  considera t ion is descr ibed in terms of  the 
m o m e n t u m  fraction of  h and A carried by the corre- 
sponding par tons  that  we call x~ and x2, respectively. 
The invar iant  mass of  the hard process is M e =  sx,x2, 
where s is the center-of-mass energy o f h  +A.  Finally,  
Xv=X~ - x 2  measures the longitudinal  fraction of  mo- 
mentum in the center of  mass of  the hard process, 
while the other  relevant var iable  is r=x~x2 = M2/s .  
In the E537 experiment ,  this variable is fixed to 0.04. 
This implies  that  the range of  measured values of  x2, 
lies between 0.05 < x2 < 0.18 as shown in fig. 1, 

Once we have character ized the kinematical  range 
exper imental ly  explored in 7r, A - , J / %  that  is clearly 
coincident  with the shadowing region in deep inelas- 
tic scattering, we study the A-dependent  behaviour  of  
the rate of  cross sections. 

R ,  = o'~'I/Ao "~D . ( 1 ) 

We consider  first the factorisat ion for this ratio pro- 
posed in ref. [ 2 ] under  the assumpt ion  of  its val idi ty  
for the case of  a gluon probe 

R.,(x ,  Q 2 , A ) = R ~ { x , Q ~ ) , A ) R a ( X ,  Q 2 , A ) ,  (2) 

X ] '  / 

. "XF= 0 9 
08- 

06-. I,.6=0.04 / 

0.4- \ //X_=O 
" I / 1-  

0.2- , ~  

0 • 0.2 ' 014' X2 ~ 

Fig. 1. Kinematically allowed region for the &, x2 variables in 
the E537 experiment. The x2 variable runs in the shadowing 
characteristic region, because of the scanned xF range, 0 < XF < 0.9. 
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where R~ is the shadowing factor, which works at very 
low x, Q~ is a fixed momen tum transfer and R~ is the 
ratio of  structure functions including the standard 
EMC effects, as those due to nuclear binding physics. 
The function R~(x,  Qo, A)  is supposed to describe 
the rate behaviour of  all values of  x, where three es- 
sential regions can be distinguished; shadowing dom- 
inated, standard EMC, and Fermi motion domi- 
nated, respectively. 

The experimental data coming from the EMC Col- 
laboration [ 1 ] show that shadowing increases as A 
increases. On the other hand, the hadron-nucleus data 
show that the rate R = A ' F J ( x ,  Q2) /AF)C(x ,  Q2) 
decreases as x-+0, more sharply for A~ <A2(Au~ < 
Ac~). 

In order to check this picture o f  the low-x effect, 
we have employed the low density parton recombi- 
nation model of  refs. [10,11,2],  which describes 
shadowing by the ratio 

R~(x, O o , A )  

=1,  Xc<X< 1, 

= I _ K ~ ( A , / 3 _ I  ) A z - A &  x,  < x < x c ,  
Az.~ - A& ' 

= I - K ~ ( A ' / 3  1), 0 < x < x , ,  (3) 

where K~, the recombination parameter, is of  the or- 
der of  0.2, A_-, = 1/.v~ p ~ 2r, m / p, r~ being the nucleon 
radius and .v~ is a critical value characterizing the re- 
gion where shadowing begins. Finally, A z r =  
l / . v , p ~ 2 R m / p ,  R being the nuclear radius and ,vj 
corresponds to the ,v region where shadowing satura- 
tion occurs. 

The additional nuclear effect, namely the J / ~  
suppression in nuclei, could be taken into account by 
adding a new phenomenological factor to the cross 
section ratio (2).  

We propose to write 

Rt  =R~R~R~ . (4) 

Here R~s is the new corrective factor. It is possible to 
have some general indications of  its magnitude using 
general arguments, in particular, one expects that R~ 
should depend on x> 

The A-dependence of  J / ~  production processes, 
experimentally obtained [6,7],  depends on the Xv- 
range observed, as is explicitly shown in fig. 3 o f  ref. 

[ 6 ]. It has been found that for y2---+ 1 this dependence 
is reproduced by a factor A '~ with c~ ~ 0.97, while for 
x2--,O oe decreases down to a value of  the order of  0.7. 
Consequently, the number  o f  J / ~  events decreases 
with respect to the number  o fd imuons  as A ~ ~. This 
is precisely the factor R~s that we have introduced 
above. 

After this general presentation we would like to 
show the results we have obtained by using the low 
density patton recombination model [13 ] together 
with the strong screening effect in nuclei just dis- 
cussed in the case of  J /~ ,  13 and ~-  productions. 

We consider the rate of  fig. 2a of  ref. [4],  or fig. 2 
of  ref. [5],  concerning R , (W/Be) .  Since Aw <<A~, 
as a first approach we can neglect shadowing in Be. 
Hadron nucleus J /V data for W covers the range 
0.05 < x < 0.18 while Drell-Yan data for W covers the 
range 0.15 < x <  0.45. We have obtained the shadow- 
ing prediction for RP~, v and the model [2] agrees in 
the region where experimental data is available. We 
obtain the results o f  fig. 2 with K~=0,22, practically 
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Fig. 2. Prediction of the shadowing model ofreE [ 2 ] for the ratio 
R~,) (dashed curve), and our prediction including absorption 
effects for the ratio R~ '~ (solid curve). Data are from ref. [4] 
for J/V ( ~ ) and from ref. [14] for DY(~? ). 
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the same value for the recombinat ion parameter  
which reproduces quite well the results for deep ine- 
lastic in Fe (Cu)  (see ref. [2] ), and even the very 
recent ones for Sn. Since we have considered Be as D 
in what concerns the shadowing ratio, the same curve 
is the prediction for hadron-nucleus  scattering for the 
case A = W. On the other hand, the hadron-nuc leus  
data shown an evident shadowing-like effect but much 

stronger than the obtained with the simple model of 
ref. [ 2 ]. However, as was ment ioned  above, there ex- 
ists an important  difference between the two pro- 
cesses because of the extra nuclear effect present in 
the J/to resonance production. We have found that 
this effect can be parametrized in terms of an xF(x2 )- 
dependent  c~ parameter, which is in accordance with 
the analysis of ref. [ 11 ]. We have analyzed this de- 
pendence and we can get a good description of the 
behaviour with the quadratic form 

a = 0 . 9 7 - 0 . 2 7 x ] .  (5) 

Expression (5) allowed us to obtain the prediction 
of fig. 2 by using the proposal given in (4) .  This kind 
of c~-dependence on XF is in agreement with the data 
of ref. [6] and fulfills the requirement  of being an 
even function ofxv. Our excellent result indicates that 
both gluon detected shadowing and a further nuclear 
absorption, of any kind, are present in low x2 J / ~  
hadroproduction.  It means that the A-dependent  
suppression of J /w is due to two distinct and additive 
nuclear effects, 

We conclude by observing that a complete analysis 
and comparison of shadowing and nuclear suppres- 
sion dependence with x2 is waiting for an extension 
of the range of the experimental  data now available 

to lower values of this variable for Drel l-Yan pro- 
cesses and to still higher ones for J / ~  hadro- 
production. 
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