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We compare the differential cross sections of high-mass muon pair production on deuterium and tungsten by incident negative
pions of 140 and 286 GeV We find an indication of a nuclear effect on the nucleon quark distributions comparable 1n magnitude
to what 15 observed 1n muon-1ron deep 1nelastic scattering, whereas the pion—quark distribution 1s unaffected, compatibly with

QCD factorization

The nuclear dependence of the nucleon structure
functions has been widely studied 1n 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-
trino [6-8] beams have compared 1n different nucle:
the distributions of the quark momentum fraction x
over a wide range of momentum transfers (Q?)

Present address CFMC-INIC, 1699 Lisbon, Portugal

Present address LAPP, F-74019 Annecy-1le-Vieux, France
Present address University of Zurich, CH-8001 Zurich,
Switzerland

Permanent address Department of Physics and Astronomy,
University of Massachusetts, Amherst, MA 01002, USA

> Presentaddress ETH, CH-8093 Zurich, Switzerland

PO -

368

Athigh x (x>0 3), the data [1-8] show a decrease
of the cross section for heavy nucle1 as compared to
those for the proton or the deuteron This effect does
not appear to depend on Q2 and 1ncreases only log-
arithmically with the mass number 4 At low x
(0 1<x<0 3), aslight enhancement of the cross sec-
tion 1s observed for heavy nucler 1n the high-Q? range
(Q?>10 GeV?/c?) [2,4] but 1s not seen at lower Q°
[5]

Up to now, this nuclear dependence of the struc-
ture functions has never been studied in processes
other than deep 1inelastic lepton scattering We pres-
ent here the first detailed comparison of the distri-
butions of high-mass dimuons produced 1n
.~ -tungsten and n ~—deuterium interactions Within
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Table | Table 2
Data summary Reinteraction contributions (%)
.~ energy Number of Number of 7~ energy D target W target (12 cm)
(GeV) W events D events (GeV)
internal nttiated 1n
286 49600 7800 the D target
140 29300 3200
286 27105 6+2 812
140 23+05 3+2 1+t

the framework of the parton model this provides a
study of the “EMC effect” in the time-like region
The acceptance of our detector covers a wide range
of the nucleon x distnibution (0 1<x<05) and of
Q? (18<Q?<225 GeV¥/c?)

The data were taken at the CERN SPS with the
NA10 Spectrometer, using 140 and 286 GeV n~'s
The detector, described 1n ref [9], was modified as
follows [10] a 120 cm long (0 22 interaction lengths)
deuterium target was added with 1ts centre 2 m
upstream of a tungsten target (mostly 12 cm, occa-
sionally 5 6 cm), and the trigger was changed 1n order
to accept dimuons coming from either of the two tar-
gets For the comparison, we only use W data taken
with the D target full The simultaneous exposure of
both targets minimizes most systematic uncertainties

The dimuons from the two targets were recon-
structed with a single pattern recognition program
The origin of the events, in W or D, could be attrib-
uted without ambiguity To eliminate the J/y and
the Y-family resonances, events with masses M <4 2
GeV/c2(286 GeV) or M <4 35 GeV/c? (140 GeV),
and 85<M<11GeV/c? were excluded Fake
dimuons, due to randomly associated tracks, were
rejected by a set of fiducial and geometrical cuts, the
residual contamination being at the level of 0 1% The
final numbers of events are shown 1n table I The
acceptances were computed with a Monte Carlo pro-
gram The physical inputs were the same for both
targets, except for the Fermi motion distribution,
which was assumed to be that corresponding to the
Hulthén wave function [ 11] for deuterium and to be
that of a Fermi gas with a momentum tail up to 700
MeV/c [12] for tungsten That tail 1s poorly known,
but fortunately 1ts effect on the acceptance 1s very
small The differential acceptance for a given varn-
able was computed after integration over the other
variables We verified that that integration (espe-
cially over the dimuon transverse momentum P for
which a nuclear effect 1s observed [13]) does not bias

the results significantly The Monte Carlo was
checked by comparing the J/y yields from two W
targets, the standard one and an additional one placed
immediately upstream of the D target The agree-
ment between the cross sections measured with these
two targets showed that the acceptance 1s well
understood

The data had to be corrected for the nuclear rein-
teractions, that 1s for the production of high-mass
dimuons by secondary hadrons produced in m~
interactions These reinteractions are of three kinds

(1) Reinteractions within the D target

(2) Reinteractions within the W target Their per-
centage was determined by comparing the data
obtained from the 12 and 5 6 cm long targets

(3) Reinteractions 1n the W target of secondaries
produced in the D target Their yield was deter-
mined by comparing W data taken with the D target
full and empty

The reinteractions were also estimated by a Monte
Carlo simulation, in which the spectrum of the D-
secondaries was taken from measurements of © ~-p
interactions [14], and that of the W-secondaries
computed with a cascade program [15] The Monte
Carlo and the direct determinations were 1n good
agreement The results are quoted 1n table 2 Using
the Monte Carlo predictions, the reinteraction con-
tribution was subtracted globally and differentially
The differential correction has a neghgible effect on
the ratio of the x, distribution and never exceeds 5%
for the others

The data were also corrected for the non-1sosca-
larity of W This correction 1s very small differen-
tially and amounts globally to 7%

Finally, the ratios of the distributions were not
corrected for the contamination by heavy-flavour
decays, since the contributions of the like-sign
dimuons were i1dentical for W and D and moreover
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quite small (less than 1% 1n the worst bin)

We first compare the total cross sections, which
are usually parametnized as a function of the mass
number A as =A% ,(Z/A) Our measurements of
the ratios of the cross sections per nucleon together
with the corresponding values of « are shown 1n table
3 These ratios are free of the beam flux uncertainty
their accuracy 1s limited only by the uncertainties 1n
the D density (0 6%), 1n the absorption lengths of
the targets (1 7%) and 1n the reinteraction subtrac-
tions ( ~4%), only the latter being uncorrelated for
the two beam energies i

In the common domain of V/;:M/\/s, viz
0 27-0 37, the values of « measured at 286 and 140
GeV agree within the errors and are compatible with
1 This result 1s 1n good agreement with a prelimi-
nary result [10] as well as with previous less accu-
rate measurements [16,17]

The agreement between the result at the two beam
energies becomes less good when their entire ﬁ
domains are compared This 1s to be correlated with
the differential effect that we observe on the /7 dis-
tributions (see below), the 286 GeV data extending
to lower values of ./t than the 140 GeV data

In order to investigate nuclear effects 1n the struc-
ture functions, we now compare the W and D dis-
tributions of the scaling variables

X1:M2/2p| q, X2:M2/2p2 q,

\/ﬁT:M/\/G;\/xlx:, XFZZPE/\/;;X‘—Xz,

where M, g, P¥ are the dimuon mass, four-momen-
tum and CM longitudinal momentum, respectively,
and p, (p-) the four-momentum of the incident pion

Table 3
Ratio 6(W)/a(D) of the total cross sections
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(target mucleon) In the quark model, x, and x, are
the momentum fractions of the projectile and target
quarks Thus x» corresponds to the Bjorken varniable
x measured 1n deep inelastic scattering

For each target, the kinematical region 1s restricted
to the domain of (x,,x,) or (\ﬁ,xF) where the two-
dimensional acceptance 1s greater than 3% Fig la
and 1b show the ratios of the differential cross sec-
tions at the two energies versus the scaling variables,
the systematic uncertainty on the overall normali-
zation 1S ~ 6% (see above) The two energies give
very similar results Fig 1c 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 1n the common domain of each kinemat-
1cal variable Table 4 displays the slopes resulting
from linear fits to these ratios The major sources of
systematic errors 1n these slopes are the reinteraction
subtraction for the ﬁ,xF,x, distributions, and the
uncertainty on the acceptance computation for x,

The x, distribution shows no effect, 1n agreement
with QCD factorization the pion structure function
should not be affected by nuclear effects Con-
versely, the \/; distribution shows a depletion for
/72045, and the x;, distribution indicates an effect
(slope) quite sitmilar 1n shape and magnitude to that
reported from deep 1nelastic scattering experiments
[1-8] For a more precise comparison with those
data, we have predicted the ratios of the distribu-
tions presented here on the basis of the recent
BCDMS result [4], the most accurate measurement
of the “EMC effect” available in our Q° range
(although the BCDMS data were obtained on Fe and
not W, the SLAC data [5] show that the EMC effect

T energy Domain 1n V/? Tw,0 1" ot

(GeV)

286 027<\/;<037 0992+0027+0059 0998+£0007£0013
140 027<\’;<037 0912+0021+£0053 0980+0006+0013

018<,7<037
286 and
047<,,7<065

140 027<1<053

0991£0014%£0068

0896+0018£0052

0998+0003£0015

0976+0004£0013

' The first error 1s statistical the second one 1s svstematic
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Fig | Ratios of the differential cross sections measured on W and D as functions of\/? Xg, X1, X2 (a) 286 GeV data (b) 140 GeV data
(¢) Both energies combined Only statistical uncertainties are shown

Table 4

Slopes from linear fits to the ratios do(W)/dg(D) The first error 1s statistical, the second one 1s systematic
Data \/; Xg X, Xy
286 GeV —032+021%011 007+t015+012 —009x013x009 —051£026%012
140 GeV ~065+£032+010 008+019%010 —002+017+£009 —081+041x018
all data —034+015£008 006x010+007 —008+£0091+007 —055x021x012

does not depend strongly on 4 1n the x range covered
by our experiment) The prediction was made using
the following model QCD factorization was assumed
and the nucleon quark distributions g(x) modified
for tungsten according to the difference 1n the struc-
ture function F, between iron and deuterium as
reported 1n ref [4], without making any distinction
between the valence and sea components *!

#! This would be an approximation in the case that the EMC effect
would affect the distributions of these two components differ-
ently, since their relative contributions for dimuon production

byrn~’

s and muon deep inelastic scattering differ ¢,(x) and

g,(x) being the valence and sea quark denstties of the proton,
sea, the cross sections for the two pro-
cesses (on 1soscalar targets) are proportional to g,(x) +g,(x)/2
and g, (x) +4¢,(x), respectively However, altering the valence
quark distribution only does not change the prediction

and neglecting the n -~

significantly
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Fig 2 Comparison of our data (286 + 140 GeV) with the model
predictions based on the BCDMS result [4] (full line)
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g™ (x)/g°(x) =F5(x)/F? (x)

The predicted ratios were obtained using simulated
events analysed 1n the same way as the real data
Those ratios are compared to our data in shape, but
not 1n absolute normalization The model 1s 1n good
agreement with our results, as shown in fig 2 How-
ever, there 1s an indication for a depletion larger than
expected at high \/;(\/;20 45), which goes 1n the
same direction as the disagreement observed [18] 1n
this region between our W data and QCD predictions
In summary, the comparison of high-mass dimuons
produced on W and D by n~'s indicates a nuclear
effect on the x, and /7 distributions comparable n
magnitude to the effect observed in muon-iron deep
inelastic scattering The absence of a nuclear effect
in the x, distribution supports QCD factorization

We would like to thank the group of L Mazzone

for providing us with the D target and 1n particular
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