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We compare the differential cross sections of high-mass muon pa~r production on deutermm and tungsten by incident negative 
p~ons of 140 and 286 GeV We find an re&cation of a nuclear effect on the nucleon quark d~stnbutmns comparable m magmtude 
to what is observed in muon-~ron deep inelastic scattering, whereas the pmn-quark &stnbutlon Is unaffected, compatibly with 
QCD factorlzatlon 

The nuclear dependence of the nucleon structure 
functions has been widely studied m the past few 
years Since the discovery of the "EMC effect" by 
the European Muon Collaboration [1], numerous  
experiments using muon  [ 2 -4  ], electron [ 5 ] or neu- 
t n n o  [6-8]  beams have compared m &fferent nuclei 
the d ts tnbut lons  of the quark m o m e n t u m  fraction x 
over a wide range of m o m e n t u m  transfers (Q2) 
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At high x (x>~0 3), the data [ 1-8] show a decrease 
of the cross section for heavy nuclei as compared to 
those for the proton or the deuteron This effect does 
not appear to depend on Q2 and increases only log- 
arithmically with the mass number  A At low x 
(0 1 ~ x ~< 0 3), a slight enhancement  of the cross sec- 
tion is observed for heavy nuclei in the hlgh-Q 2 range 
(Q2>~ 10 GeV2/c 2) [2,4] but is not seen at lower Q2 

[51 
Up to now, this nuclear dependence of the struc- 

ture functions has never been studied m processes 
other than deep inelastic lepton scattering We pres- 
ent here the first detailed comparison of the distri- 
but ions of high-mass d lmuons  produced in 

- tungsten and n -deuter ium Interactions Within 

368 



Volume 193, number 2,3 PHYSICS LETTERS B 16 July 1987 

Table 1 
Data summary 

n energy Numberof  Numberof  
(GeV) W events D events 

286 49600 7800 
140 29300 3200 

the f ramework of  the par ton model  this provides  a 
study o f  the "EMC effect" in the t ime-like region 
The acceptance o f  our detector  covers a wide range 
o f  the nucleon x dis t r ibut ion (0 1 ~<x~<0 5) and of  
Q2 (18~<Q2<225 GeV2/c_~) 

The data  were taken at the CERN SPS with the 
NA10 Spectrometer ,  using 140 and 286 GeV n - ' s  
The detector,  descrtbed in ref  [ 9], was modif ied  as 
follows [ 10] a 120 cm long (0 22 interaction lengths) 
deuter ium target was added  with its centre 2 m 
upstream of  a tungsten target (most ly  12 cm, occa- 
sionally 5 6 cm),  and the trigger was changed in order 
to accept d lmuons  commg from ei ther  of  the two tar- 
gets For  the comparison,  we only use W data  taken 
with the D target full The s imultaneous exposure of  
both targets mmlm~zes most systematic uncertainties 

The d lmuons  from the two targets were recon- 
structed with a single pat tern recognmon program 
The origin of  the events, in W or  D, could be at t r ib-  
uted without  ambigui ty  To el iminate  the JA¢ and 
the Y-family resonances, events with masses M <  4 2 
GeV/c2(286 GeV)  or M < 4  35 GeV/c 2 (140 GeV) ,  
and 8 5 < M < l l  GeV/c 2 were excluded Fake 
dlmuons,  due to randomly  associated tracks, were 
rejected by a set of  f iduclal  and geometrical  cuts, the 
residual con tammanon  being at the level of  0 1% The 
final numbers  of  events are shown in table 1 The 
acceptances were computed  with a Monte  Carlo pro- 
gram The physical  inputs  were the same for both 
targets, except for the Fermi  mot ion  dis t r ibut ion,  
which was assumed to be that corresponding to the 
Hulth6n wave function [ 11 ] for deuter ium and to be 
that  of  a Fermi  gas with a m o m e n t u m  taxi up to 700 
MeV/c [ 12] for tungsten That  tail  is poorly known, 
but fortunately its effect on the acceptance is very 
small The differential  acceptance for a given vari- 
able was computed  after integrat ion over  the other  
variables We verif ied that  that  lntegrat lon (espe- 
cially over  the d lmuon  transverse m o m e n t u m  PT for 
which a nuclear effect is observed [ 13]) does not bias 

Table 2 
Remteracnon contnbunons (%) 

n - energy D target W target ( 12 cm ) 
(GeV) 

mternal mmated m 
the D target 

286 2 7_+0 5 6_+2 8_+2 
140 23_+05 3_+2 1+1 

the results significantly The Monte  Carlo was 
checked by compar ing the J /~  yields from two W 
targets, the s tandard one and an addmona l  one placed 
immedia te ly  ups t ream of  the D target The agree- 
ment  between the cross sections measured with these 
two targets showed that  the acceptance ts well 
unders tood 

The da ta  had to be corrected for the nuclear  reln- 
teracnons,  that  is for the product ion  o f  high-mass 
d imuons  by secondary hadrons  produced in n -  
interact ions These relnteract lons are of  three kinds 

(1) Relnteract lons  within the D target 
(2)  Relnteract lons  within the W target Their  per- 

centage was de te rmined  by compar ing the data  
obta ined from the 12 and 5 6 cm long targets 

(3)  Remnteractmons in the W target of  secondaries 
produced in the D target Their  yield was deter- 
mined by compar ing W data  taken with the D target 
full and empty  

The relnteract lons were also es t imated by a Monte  
Carlo simulat ion,  in which the spectrum of  the D- 
secondaries was taken from measurements  o f  n - - p  
interact ions [ 14], and that  of  the W-secondaries  
computed  with a cascade program [ 15] The Monte  
Carlo and the direct  de te rmina t ions  were in good 
agreement  The results are quoted in table 2 Using 
the Monte  Carlo predict ions,  the remteract ion  con- 
t r ibut ion was subtracted globally and differential ly 
The differential  correct ion has a negligible effect on 
the ratio of  the x2 dis t r ibut ion and never exceeds 5% 
for the others 

The data  were also corrected for the non-lsosca- 
larl ty of  W This correct ion is very small differen- 
tially and amounts  globally to 7% 

Finally,  the ratios of  the d is t r ibut ions  were not 
corrected for the con tammat lon  by heavy-f lavour 
decays, since the contr ibut ions  of  the like-sign 
d lmuons  were identical  for W and D and moreover  
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quite small (less than 1% in the w o r s t  bin)  
We first compare the total cross sections, which 

are usually parametrlzed as a function of the mass 
number  A as a=A"ao(Z/A) Our measurements  of 
the ratios of the cross sections per nucleon together 
with the corresponding values of c~ are shown in table 
3 These rattos are free of the beam flux uncertainty 
their accuracy is hmited only by the uncertainties m 
the D density (0 6%), in the absorption lengths of 
the targets (1 7%) and in the relnteractlon subtrac- 
ttons ( ~ 4%), only the latter being uncorrelated for 

the two beam energtes 
In the common domain  of v~=M/x / s ,  VlZ 

0 27-0 37, the values of a measured at 286 and 140 
GeV agree within the errors and are compatible with 
1 This result ts in good agreement with a prehml- 
nary result [10] as well as with previous less accu- 
rate measurements  [ 16,17 ] 

The agreement between the result at the two beam 
energtes becomes less good when thetr entire x/~ 
domains  are compared This ts to be correlated with 
the differential effect that we observe on the \ / r  dis- 
t r ibutions (see below), the 286 GeV data extending 
to lower values of xf~ than the 140 GeV data 

In order to investigate nuclear effects in the struc- 
ture functions, we now compare the W and D dis- 
t r ibutions of the scahng vartables 

Xl =Ma/2Pl q, X2 =M2/2p2 q, 

\/~=MIx/ss~ X/&IXz, XV = 2P*Iv~--X, --X2 , 

where M, q, P* are the d imuon  mass, four-momen- 
tum and CM longitudinal momentum,  respectively, 
and pt (P2) the four -momentum of the incident plon 

(target mucleon)  In the quark model, x~ and x 2 are 
the m o m e n t u m  fractions of the projectile and target 

quarks Thus x2 corresponds to the Bjorken variable 
x measured in deep inelastic scattering 

For each target, the kinematical region is restricted 

to the domain  of (xl,x2) or (\fZ,Xv) where the two- 
dimensional  acceptance is greater than 3% Fig la 
and lb  show the rattos of the differential cross sec- 
tions at the two energies versus the scaling variables, 
the systematic uncertainty on the overall normah-  
zatlon is ~6%  (see above) The two energies give 
very similar results Fig 1 c shows the same ratios for 
the combined data, here, the ratio of the total cross 
sections at 140 GeV was fixed to be the same as at 
286 GeV in the common domain  of each kinemat-  
ical variable Table 4 displays the slopes resulting 
from linear fits to these ratios The major sources of 
systemattc errors in these slopes are the relnteraction 

subtraction for the ,f~,Xv, X~ distributions, and the 
uncertainty on the acceptance computat ion for x2 

The x~ distr ibution shows no effect, in agreement 
with QCD factorlzatlon the paon structure function 
should not be affected by nuclear effects Con- 
versely, the ~ dtstr lbution shows a depletion for 
x/~>~ 0 45, and the x2 distr ibution indicates an effect 
(slope) quite similar an shape and magnitude to that 
reported from deep inelastic scattering expertments 
[1-8]  For a more precise comparison with those 
data, we have predicted the ratios of the distribu- 
t ions presented here on the basis of the recent 

BCDMS result [4], the most accurate measurement  
of the "EMC effect" available in our Q2 range 
(although the BCDMS data were obtained on Fe and 

not W, the SLAC data [ 5 ] show that the EMC effect 

Table 3 
Ratio a( W)/tT(D) of the total cross sections 

energy Domain in  ~/2" O.w/O. D a) O~ a) 

(GeV) 

286 0 27<.dz<0 37 0992-+0027"+0059 

140 0 27<x' r<0 37 0912"+0021"+0053 

0 18< . ' r<0  37 
286 and 0 991 -+0 014+0 068 

0 47 < \,'z<O 65 

140 0 27< \ ' r<0  53 0896+0018+0052 

0 998"+0 007_+0 013 

0 980_+0 006"+0 013 

0 998"+0 003_+0 015 

0 976"+0 004+0 013 

'~ The first error Is statist~cal the second one is systematic 
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F~g I Ratms of  the differentml cross sectmns measured on W and D as functions of~f~ xv, x~, x_~ (a) 286 GeV data (b)  140 GeV data 
(c) Both energies combined Only statistical uncer tamnes  are shown 

Table 4 
Slopes from hnear  fits to the ratios d a ( W ) / d a ( D )  The first error is statistical, the second one is systematic 

Data ,e/~ xv  Xt Y2 

286 GeV - 0 3 2 _ + 0 2 1 + 0 1 1  0 0 7 + 0  1 5 + 0  12 - 0 0 9 + 0 1 3 _ + 0 0 9  - 0 5 1 _ + 0 2 6 _ + 0  12 
140 GeV - 0 6 5 + 0 3 2 _ + 0  l0 0 0 8 _ + 0 1 9 + 0 1 0  - 0 0 2 + 0 1 7 _ + 0 0 9  - 0 8 1 + 0 4 1 - + 0 1 8  
all data - 0 3 4 + 0 1 5 _ + 0 0 8  006_+010_+007  - 0 0 8 + 0 0 9 + 0 0 7  - 0 5 5 + 0 2 1 + 0 1 2  

cr (~-W --->/.z+,u,-+X) 
does not depend strongly on A m the x range covered 
by our experiment)  The prediction was made using 
the following model QCD factonzatlon was assumed ,2 
and the nucleon quark d l s tnbut lons  q(x) modified ~ 

1 
for tungsten according to the difference m the struc- 

O9 
ture functmn F2 between iron and deuterium as o 8  

reported in ref [ 4], without making any &stlnctton 0 7 
between the valence and sea components  ~t 

o (s -D --->/,z+/.z-+X) 
i ~ t p i i i i 

01 03 05 07 or9 

~/'T 

#~ This would be an approximation in the case that the EMC effect 1 
would affect the distr ibutions of  these two components  differ- 1 
ently, since their relatwe contributions for d imuon production o 
by n -  ' s  and muon  deep inelastic scattering differ qv(x)  and o a 
q , (x )  being the valence and sea quark densities of  the proton, 07 
and neglecting t h e n - s e a ,  the cross sectlons for the two pro- ~ ~ , , , , , , , 
cesses (on lSOSCalar targets) are proportional to q v ( x ) + q s ( x ) / 2  01 03 os 07 09 

and q, ( x )  + q , ( x ) ,  respectively However, altering the valence ×~ 
quark &str ibut ion only does not change the pre&ct~on 
slgmficantly 
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Fig 2 Comparison of  our  data ( 2 8 6 +  140 GeV)  with the model 
pre&ctlons based on the BCDMS result [4] (full line) 
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qW (x)/qD(x) =FV°( x)/F~ (x) 

The  p r e & c t e d  ra t ios  were  o b t a i n e d  us ing sxmulated 

even ts  ana lysed  m the same  way as the  real da ta  

Those  rat ios  are c o m p a r e d  to our  da ta  m shape,  but  

not  m absolu te  n o r m a h z a t l o n  The  m o d e l  ~s in good  
ag reemen t  wi th  our  results,  as shown m fig 2 H o w -  

ever,  there  is an lnd lca tmn for a dep le t ion  larger than  

expec ted  at hagh x f r  (x f r>~0  45) ,  which  goes m the 

same  d l r e c n o n  as the d i s ag reemen t  obse rved  [ 18 ] m 

this region be tween  our  W data  and Q C D  pred lc tmns  

In summary ,  the compa r i son  o f  h~gh-mass d l m u o n s  

p r o d u c e d  on W and  D by r c ' s  indica tes  a nuc lea r  

effect  on the x2 and  x / z  d i s t r ibu t ions  c o m p a r a b l e  m 

m a g m t u d e  to the  effect  obse rved  in m u o n - ~ r o n  deep  

lnelast~c sca t ter ing  The  absence  o f  a nuc lea r  effect  

in the x~ d i s t r ibu t ion  suppor t s  Q C D  fac to r l za t lon  

We wou ld  hke  to thank  the group o f  L M a z z o n e  

for p r o v i d i n g  us w~th the  D target  and  m pa r tmula r  

C Grego ry  for  its o p e r a t i o n  
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