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3Abstra
t Ratios of the  0 over the J= produ
tion 
ross se
tions in the dilepton 
hannel forC, Ti and W targets have been measured in 920GeV proton-nu
leus intera
tions with theHERA-B dete
tor at the HERA storage ring. The  0 and J= states were re
onstru
ted inboth the �+�� and the e+e� de
ay modes. The measurements 
overed the kinemati
 range�0:35 � xF � 0:1 with transverse momentum pT � 4:5GeV=
. The  0 to J= produ
tionratio is almost 
onstant in the 
overed xF range and shows a slow in
rease with pT . Theangular dependen
e of the ratio has been used to measure the di�eren
e of the  0 and J= polarization. All results for the muon and ele
tron de
ay 
hannels are in good agreement:their ratio, averaged over all events, is R 0 (�)=R 0(e) = 1:00 � 0:08 � 0:04. This result
onstitutes a new, dire
t experimental 
onstraint on the double ratio of bran
hing fra
tions,(B0(�) �B(e)) = (B(�) �B0(e)), of  0 and J= in the two 
hannels.1 Introdu
tionThe hadroprodu
tion of 
harmonium 
an be des
ribed by models [1{4℄ whi
h rely on measuredstru
ture fun
tions to des
ribe partons in the initial state, perturbative QCD to 
al
ulate theprodu
tion of intermediate 
�
 states, and a subsequent non-perturbative hadronization step.Depending on the model assumptions and s
ope, this latter step must a

ount for several e�e
ts,in
luding 
olor neutralization by soft gluon emission, bound state formation and the in
uen
e ofnu
lear matter (\nu
lear suppression"). This in turn leads to the introdu
tion of free parameterswhi
h are tuned to des
ribe existing data. The tuned model 
an then be used to predi
t theprodu
tion of 
harmonium states not 
onsidered in the tuning step or in other kinemati
 regimes.Produ
tion of the  0 in proton indu
ed 
ollisions has been measured over a wide range ofenergies in several experiments at Fermilab and CERN. But the experimental situation is still notsatisfa
tory sin
e most measurements su�er either from limited sample size or from additionallarge un
ertainties resulting from signal extra
tion in the presen
e of large ba
kgrounds. In manyof the �xed-target experiments, absorber material was pla
ed behind the target to redu
e themuon ba
kground produ
ed by pion and kaon de
ays in 
ight. For su
h experiments the e+e�mode was not observable and also the mass resolution su�ered from the s
attering of the muonsin the absorber. In some 
ases, the mass resolution was insuÆ
ient for a separation of the J= and  0 signals.In 
ontrast, using the HERA-B dete
tor's advan
ed parti
le identi�
ation and tra
king sys-tems, it was possible to redu
e the ba
kground from � and K de
ays in 
ight by using tra
kquality 
riteria without inserting absorber material, and thereby to have good mass resolutionand also a�ord the possibility of triggering on and re
onstru
ting ele
trons. The �+�� and e+e�de
ay 
hannels were re
orded simultaneously. The rather large HERA-B samples of J= and  0(300,000 and 5000 events , respe
tively) and well separated J= and  0 signals will 
ontributeto the 
lari�
ation of the experimental situation.In order to minimize possible systemati
 biases introdu
ed by a

eptan
e and eÆ
ien
y 
or-re
tions, we report the ratio of the  0 and J= produ
tion 
ross se
tion times the dileptonbran
hing ratio. The sample size allows measurements of this ratio in several bins of the Feyn-man variable, xF , and transverse momentum, pT . The de
ay angular distribution of the ratio,whi
h is related to the di�eren
e of the  0 and J= polarization was also studied.The bran
hing ratio of  0 in the dimuon de
ay 
hannel is not well known. The PDG valueof the bran
hing ratio B0(�) = (0:73 � 0:08)% [5℄ for  0 has a relative error of 11% and isa fa
tor of 3 less a

urate than the 
orresponding bran
hing ratio for the e+e� de
ay, B0(e).Furthermore almost all measurements of  0 to J= produ
tion ratio have been performed in the�+�� 
hannel only. The produ
tion ratio measured in pp 
ollisions by dete
ting e+e� pairs [6℄ isCorresponden
e to: Alexander.Spiridonov�desy.de



4rather impre
ise (0:019� 0:007). Our relatively large samples in both 
hannels therefore permita sensitive test of e� � universality in  0 dilepton de
ays.The paper is stru
tured as follows. After a short des
ription of the HERA-B dete
tor, thetrigger and the data sample in Se
t. 2, the method used for the measurement of the  0 andJ= produ
tion ratio is introdu
ed in Se
t. 3. The Monte Carlo simulation and the event re-
onstru
tion and sele
tion are presented in Se
ts. 4 and 5. In Se
t. 6, the di�eren
e of  0 andJ= polarization is studied, followed by a dis
ussion of sour
es of systemati
 un
ertainties inSe
t. 7. Finally, the experimental results are presented, the di�erential  0 and J= produ
tionratio in Se
t. 8, the in
lusive  0 and J= produ
tion ratios in Se
t. 9 and the nu
lear dependen
ein Se
t. 10. Se
t. 11 
onfronts the HERA-B results with previous measurements and theoreti
almodel predi
tions. The paper ends with 
on
lusions given in Se
t. 12.2 Dete
tor, trigger and data sampleThe �xed target experiment HERA-B [7,8℄ was operated at the HERA storage ring at DESYuntil 2003. The forward spe
trometer of HERA-B 
overed angles from 15 to 220 mrad in thebending plane and from 15 to 160mrad verti
ally. The target [9℄ 
onsisted of two independentstations, separated longitudinally by 4 
m along the beam. Ea
h station 
ontained four wireswhi
h 
ould be independently positioned in the halo of the HERA proton beam (inner, outer,below and above with respe
t to the beam). Various materials (C, Ti, W) were used for thewires.The tra
king system 
onsisted of the Vertex Dete
tor System (VDS) followed by a magneti
dipole �eld of 2.13 Tm and a main tra
ker. The VDS [10℄ was a sili
on strip dete
tor with apit
h of 50�m. The Inner Tra
ker (ITR) [11℄ of the main tra
king system used mi
ro-strip gas
hambers with 300�m pit
h in the inner part of the main tra
ker up to distan
es of 25 
m aroundthe proton beam. The Outer Tra
ker (OTR) [12,13℄ used honey
omb drift 
hambers with 5 and10mm diameter 
ells 
overing the remaining a

eptan
e. A spatial resolution of about 150�mand 360�m was a
hieved for the ITR and OTR, respe
tively.The main tra
ker system 
onsisted of four stations immediately behind the magnet: thePattern Chambers (PC), and two stations positioned further downstream: the Trigger Chambers(TC). A Ring Imaging Cherenkov dete
tor (RICH) [14℄ was situated between the PC and TCstations. The TC 
hambers were mainly used by the trigger. The TC also served together withthe PC to provide additional measurements of the tra
k position and dire
tion. The number oflayers was 30 and 12 in the PC and TC 
hambers, respe
tively.Parti
le identi�
ation was provided by the RICH, a MUON system and anEle
tromagneti
 Calorimeter (ECAL). The ECAL [15℄ followed by the MUON system werelo
ated at the end of the spe
trometer. The ECAL was optimized for good ele
tron/gammaenergy resolution and ele
tron{hadron dis
rimination. The ECAL had variable granularity: the
ell sizes were 2.2 
m, 5.5
m and 11 
m in the inner, middle and outer part, respe
tively. TheECAL was instrumented with a fast digital read-out and a pretrigger system. The MUONsystem [16℄ 
onsisted of four tra
king stations at various depths in an iron or 
on
rete absorber.Only muons above 5GeV/
 have a signi�
ant probability of penetrating through the absorbers.The trigger 
hain in
luded the ECAL and MUON pretrigger systems whi
h provided lepton
andidate seeds for the First Level Trigger (FLT) whi
h in turn required at least two pretriggerseeds. Starting from the seeds, the FLT attempted to �nd tra
ks in a subset of the OTR tra
kinglayers, requiring that at least one of the seeds results in a tra
k. Starting on
e again from thepretrigger seeds, the Se
ond Level Trigger (SLT) sear
hed for tra
ks using all OTR layers and
ontinued the tra
king through the VDS, �nally requiring at least two fully re
onstru
ted tra
kswhi
h were 
onsistent with a 
ommon vertex hypothesis. The pretriggers and FLT are hardware



5triggers whi
h redu
e with an output rate of typi
ally 25 kHz while the SLT is a software triggerrunning on a farm of 240 Linux PCs.This analysis is based on 164 million dilepton triggered events 
olle
ted in the 2002{2003physi
s runs. About 300,000 J= lepton de
ays 
ontained in the data sample are almost equallydivided between the dimuon and diele
tron 
hannels. The wire materials used are 
arbon (A =12, about 65% of the J= data), tungsten (A = 184, about 31%) and titanium (A = 48, about4%). Only runs in whi
h dete
tor 
omponents performed well and trigger 
onditions were stablewere used. Six periods with 
onstant experimental 
onditions are de�ned and the data aregrouped a

ordingly.3 Measurement methodThe analysis is based on the sele
tion of dilepton events and �tting of the dilepton invariantmass spe
tra in the area around the J= and  0 signals. The number of events in the J= peak,N , is given by: N = �(J= ) �B(J= ! l+l�) � L � � ;i.e. the produ
t of the 
ross se
tion (�(J= )), the bran
hing ratio into dilepton pairs (B),the integrated luminosity (L) and the total re
onstru
tion eÆ
ien
y (�). The eÆ
ien
y takes thefollowing e�e
ts into a

ount: the probability for leptons to be within the dete
tor a

eptan
e andto be properly registered in the dete
tors, the probability for the dilepton pair to be triggered, theprobabilities to re
onstru
t the tra
ks and the dilepton vertex, and the probability to sele
t thedileptons for the �nal analysis. The luminosity is identi
al for all 
harmonium states produ
edon the same targets, and therefore 
an
els in the ratios. The ratio of the  0 and J= 
rossse
tions in the l+l� 
hannel, R 0(l), is equal to:R 0(l) = B0 � �0B � � = N 0N � ��0 ; (1)where l denotes the leptoni
 de
ay 
hannel (e or �), �(�0) is the J= ( 0) produ
tion 
rossse
tion and B (B0) is the bran
hing ratio for the l+l� de
ay of the J= ( 0) meson.The ratio N 0 =N or \raw  0= ratio", is de�ned from the �t of the J= and  0 signals andmust be 
orre
ted by the eÆ
ien
y ratio, �=�0, where � is de�ned above and �0 is the 
orrespondingeÆ
ien
y for dete
tion of  0 mesons. The eÆ
ien
ies are evaluated by a Monte Carlo simulation.For the analysis we sele
t the kinemati
 domain�0:35 < xF < 0:10 and 0 < pT < 4:5 GeV=
 (2)for the Feynman variable xF and the transverse momentum pT , respe
tively. This domain 
or-responds to our a

eptan
e range in xF and at high pT is limited by la
k of  0 events, i.e. isdetermined by the sample size.4 Monte Carlo simulationResults of Monte Carlo simulations (MC) were used to determine the eÆ
ien
ies of J= and 0 triggering, re
onstru
tion and sele
tion. J= and  0 produ
tion was simulated by generatingthe basi
 pro
ess, pN ! 
�
X with PYTHIA 5.7 [17℄ and hadronizing the 
 and �
 quarks withJETSET 7.4 [17℄. The momentum and energy of the remaining hadroni
 system, X , is givenas input to FRITIOF 7.02 [18℄ whi
h generates parti
les in the underlying event taking intoa

ount their intera
tions inside the nu
leus.



6 The generated  0 events were assigned weights su
h that the resulting weighted xF distribu-tion of the  0 mat
hed that of the J= , sin
e both measurements and theoreti
al models showlittle or no di�eren
e of these distributions in the kinemati
 domain Eq. (2) as des
ribed inSe
t. 8. Additional weights were applied to both J= and  0 events su
h that the resulting pTdistribution mat
hes d�dp2T / "1 +� 35 � pT256 hpTi�2#�6; hpT i = 1:29GeV=
: (3)The average transverse momentum, hpT i, in (3) was taken from a preliminary HERA-B analysisof the J= sample [19℄. The e�e
ts of possible di�eren
es in pT and xF distributions for the J= and  0 are des
ribed in Se
t.7.A GEANT 3.21 [20℄ based pa
kage [21℄ performed tra
king of the parti
les through theHERA-B dete
tor and the simulation of the dete
tor response. The status (dead/alive), eÆ
ien
yand noise level of ea
h dete
tor 
hannel were inferred from the data separately for ea
h of sixrunning periods (see Se
t. 2) and used in modeling the dete
tor response. The MC events werere
onstru
ted with the same 
ode used for the data.5 Event re
onstru
tion and sele
tionThe tra
k re
onstru
tion in
luded the following steps: �nding straight tra
k segments in theVDS and PC area, propagation of the PC segments through the TC area, mat
hing of VDSand PC segments and a full iterative �t of the tra
ks. The tra
k segments were propagated intothe TC area to provide a better measurement of the tra
ks in the RICH, ECAL and MUONdete
tors. Parti
le identi�
ation estimators were evaluated for ea
h tra
k using information fromthese three dete
tors.Pairs of like sign and unlike sign 
andidates of muons and ele
trons were sele
ted. A vertex�t was performed for ea
h 
andidate with a weak 
ut on the �2 probability (� 10�5) to ensurethat the tra
ks originated from the same vertex. At this stage, 99% of the re
orded J= and  0
andidates with re
onstru
ted lepton tra
ks were sele
ted. Further 
uts and �ts of the dileptoninvariant mass spe
tra whi
h were spe
i�
 to the muon and ele
tron modes will be dis
ussed inthe following two subse
tions.5.1 Sele
tion of J= ;  0 ! �+��For the sele
tion of �+�� pairs, soft 
uts were applied to the momenta (400GeV=
 > p >6GeV=
) and transverse momenta (pT > 0:7GeV=
) of the muons. The lower 
ut values were
lose to the trigger requirements and the upper momentum 
ut reje
ted tra
ks outside theexpe
ted range for J= ( 0) de
ay produ
ts.The main ba
kground in the muon 
hannel was from muons produ
ed in K; �! �� de
aysin 
ight. If a de
ay o

urred inside the tra
king system, the \broken traje
tory" 
ould have ledto a large �2 in the tra
k �t. A de
ay between the VDS and the PC 
ould additionally have ledto a poor mat
h between VDS and PC tra
k segments. The tra
ks from the main tra
ker wereproje
ted into the MUON system, where hits were asso
iated with the tra
k and used to obtaina �2{value with respe
t to the extrapolated tra
k, taking into a

ount multiple s
attering. Thismuon{�2 was used to obtain a quality estimator varying from 0 to 1 and 
alled the \muonlikelihood". Kaon and pion de
ays between the PC and the MUON system 
ould have led toa large muon{�2 and therefore a low muon likelihood, as 
ould wrongly assigning MUON hitsprodu
ed by another parti
le.
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’ψ90  ±2640Figure 1. The invariant mass distribution of �+�� in the region of the J= and  0 peaks for sele
ted dimuonsfrom all three targets and �tted with the sum of fun
tions des
ribing the signals and the ba
kground (dashed
urve).Thus, muon 
andidate tra
ks were sele
ted a

ording to the �2 of their tra
k �ts, qualitiesof their VDS{PC mat
hes and their muon likelihoods in su
h a way that only about 5% ofreal muons were dis
arded. Tra
ks were also required to have a low probability of being a kaona

ording to the RICH analysis.With these sele
tions, the ba
kground under the J= and  0 peaks was redu
ed by a fa
torof 2.5. The signal loss due to these sele
tions was distributed rather evenly over the kinemati
range de�ned by Eq. (2) and was reprodu
ed by the MC. After the sele
tion, (89:4� 0:2)% ofthe events in the J= peak survived in the data and (89:1� 0:1)% in the MC.The dimuon mass spe
tra for both J= and  0 were des
ribed as a sum of two fun
tions [22℄:1) a symmetri
 fun
tion, being a superposition of three Gaussians, whi
h takes into a

ounttra
k resolution and e�e
ts of Moli�ere s
attering, 2) a fun
tion representing a radiative tail dueto the emission of a photon in the �nal state of the dimuon de
ay J= ( 0)! �+��
.The presen
e of the radiative tails and tails from Moli�ere s
attering in the invariant massdistribution of the J= and  0 signals demanded that both peaks be �t simultaneously. The totalnumber of events in a peak was obtained by an integration of the �tted fun
tion over the fullrange of possible dimuon masses. The mass of the  0 was obtained by s
aling the �tted J= massby the fa
torM0( 0)=M0(J= ), where the M0 were the nominal values of the respe
tive masses.The �tted J= mass resolution was res
aled for the  0 using the dependen
e of the momentumresolution for the HERA-B spe
trometer. The ba
kground was des
ribed as an exponent of aquadrati
 polynomial of the dimuon mass.The fun
tions des
ribe the dimuon mass spe
tra well as shown in Fig.1, where �2 = 154for 153 degrees of freedom. The �tted mass of J= is 3093 MeV=
2 and the mass resolution(FWHM/2.35) is 38 MeV=
2.5.2 Sele
tion of J= ;  0 ! e+e�In the diele
tron 
hannel, the ba
kground was larger than for muons mainly due to misidenti-�
ation of 
harged pions intera
ting in the ECAL and overlaps between energy deposits fromphotons and 
harged hadrons. Despite the higher ba
kground a 
areful study of the ele
tronidenti�
ation 
uts resulted in J= and  0 signals of 
omparable purity and signi�
an
e.



8 The �rst step of the event sele
tion 
onsisted of the requirement that tra
k momenta liebetween 4 and 400 GeV/
, 
orresponding to the expe
ted range for J= and  0 de
ay produ
ts.Finally, an additional 
ut on the transverse energy of the ECAL 
luster (ET > 1:15 GeV)was applied in order to equalize di�erent 
ut thresholds used at the pretrigger level duringthe a
quisition periods. The signal sele
tion was improved by reje
ting ele
tron/positron pairshaving a distan
e of 
losest approa
h between the two tra
ks greater than 320 �m.The re
onstru
ted momentum ve
tors of ele
trons and positrons were 
orre
ted for energy lostdue to bremsstrahlung (BR) emission in the material before the magnet (evaluated as about18% on average). BR was identi�ed and determined for ea
h tra
k by looking for an energydeposition in 
oin
iden
e with the extrapolation of the tra
k's VDS segment to the ECAL. There
overed energy was then added to the momentum measured by the tra
king system. Being a
lear signature of ele
trons, BR emission was also exploited to obtain a substantial ba
kgroundredu
tion, essential for an a

urate 
ounting of the small  0 signal. It was therefore requiredthat at least one lepton of the de
aying J= or  0 had an asso
iated BR 
luster (de�ned as anECAL 
luster 
lose enough to the VDS segment extrapolation).
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68500 ± 470  J/ψ

1680 ± 130  ψ′Figure 2. The invariant mass distribution of e+e� in the region of the J= and  0 peaks for sele
ted diele
tronsfrom all three materials, �tted with the sum of the fun
tions des
ribing the signals and the ba
kground (dashed
urve).Two additional types of sele
tion 
uts were applied to those ele
trons and positrons whi
hhad no asso
iated BR 
luster. The �rst of these 
uts is on the E=p ratio, where E is the energy ofthe ele
tron/positron 
luster and p is the asso
iated tra
k momentum. The E=p distribution forele
trons has a Gaussian shape with mean value 
lose to 1 and width, �E=p, varying between 6.4%and 7.4% depending on 
alorimeter se
tion. Values of E=p far from 1 
orrespond to parti
les,mostly hadrons, whi
h release only part of their energy in the 
alorimeter. The se
ond 
ut wasapplied to the distan
e between the re
onstru
ted 
luster and the tra
k position extrapolated tothe ECAL (�x and �y for the x and y dire
tion). The �x and �y distributions for ele
trons are,apart from a small tail, well des
ribed by Gaussians 
entered at zero, with widths between 0.2 
mand 1.0 
m, depending on 
alorimeter se
tion. A 
ut on these quantities leads to a signi�
antredu
tion of the 
ontamination from hadrons and random 
luster-tra
k mat
hes, for whi
h the�x(y) distributions are expe
ted to be signi�
antly wider 
ompared to those of the ele
trons.



9All the above requirements were simultaneously optimized by maximizing the signi�
an
e ofthe  0 MC signal. The a

epted ranges for E=p, �x and �y were respe
tively determined as�1:0 � �E=p < E=p� 1 < 3:2 � �E=p, j�xj < 1:7 �x and j�yj < 1:8 �y. As a result, the S=B ratio,evaluated for the J= (the only one of the two 
harmonium states visible also before the sele
tion
uts), in
reased by about a fa
tor of 10 with respe
t to the triggered events, with an eÆ
ien
yfor signal sele
tion of (34� 3)% in the real data and (35:1� 0:4)% in the MC simulation.To 
ount the number of J= and  0, a Gaussian for the right part of the peak and a Breit-Wigner for the left part were used, allowing for a sizeable asymmetry of the signal due to thenot fully re
onstru
ted BR emission and a 
ontribution from J= ! e+e�
 de
ay. Both thewidth and the asymmetry of the  0 signal were kept at a �xed ratio (determined from the MC)with respe
t to those of the J= . The ba
kground was parametrized as a Gaussian for the lowinvariant mass values and an exponential at higher mass, requiring 
ontinuity of the resultingfun
tion and its �rst derivative. The invariant mass distribution plotted in Fig. 2 shows our �nalsele
tion of 68500�470 J= and 1680�130  0: the resulting mass and width (of the Gaussian) ofthe J= are, respe
tively, 3110 and 72 MeV/
2. The �2 of the �t is 89 for 69 degrees of freedom.6 Angular dependen
e of R 0Measurements of polarization (the 
ommonly used term to denote spin alignment) provide oneof the most signi�
ant tests of models of 
harmonia produ
tion [23℄. Understanding polarizationat moderate and low pT is also important sin
e most of the published pT -integrated data 
omefrom the lower pT region. The polarization of 
harmonium is measured by observation of theangular distribution in its de
ay into l+l�:d�d
os� / (1 + � 
os2 �); (4)where � is the polar angle of the l+ with respe
t to the z axis of a polarization frame de�ned inthe rest system of the 
harmonium state. In general, the parameter � depends on the de�nitionof the polarization frame [23℄. The 
ommonly used polarization frames are spe
i�ed by the 
hoi
eof the z axis. The three-momentum of the beam parti
le, pb, and that of the target, pt, in therest system of the 
harmonium 
an be used to de�ne the z axis.In the Gottfried-Ja
kson frame, the z axis is parallel to pb, in the s-
hannel heli
ity (or re
oil)frame, the z axis is de�ned as the dire
tion of the 
harmonium three-momentum in the hadroni

enter-of-mass frame, i.e. it is parallel to �(pb + pt), and in the Collins-Soper frame, the z axisbise
ts the angle between pb and �pt.For J= produ
tion, several measurements of polarization have been published. The parame-ter � measured in pBe 
ollisions [24℄ in the Gottfried-Ja
kson frame is � = 0:01�0:12�0:09 and� = �0:11�0:12�0:09 at 530 GeV and 800 GeV, respe
tively. A high statisti
s measurement [25,26℄ in 800 GeV pCu intera
tions (Collins-Soper frame) resulted in � = 0:069� 0:004� 0:08. Thequoted errors are statisti
al and systemati
. A measurement [27℄ for  0 was performed for ��Wintera
tions at 253 GeV where �0 = 0:02 � 0:14 was obtained in the Gottfried-Ja
kson frame.All results are 
onsistent with a small di�eren
e in the  0 and J= polarization. The 
olliderresult [28℄ (s-
hannel heli
ity frame) �0 = �0:08� 0:63� 0:02 for a mean pT equal to 6.2 GeV/
is also 
onsistent with that, but statisti
ally less signi�
ant and, be
ause of the relatively highpT , not dire
tly 
omparable with the �xed-target results.In the kinemati
 domain (2) of HERA-B, the  0 signal is 
learly visible in the limited intervalj 
os �j < 0:6(0:8) for ele
trons (muons) in the Gottfried-Ja
kson frame. In the s-
hannel heli
ityframe the a

eptan
e is more uniform as a fun
tion of 
os � and R 0 is measurable over the full
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Figure 3. R 0 as a fun
tion of 
os � in the s-
hannel heli
ity frame. The dashed 
urve is the �tted fun
tion (5)for � = 0 and the �tted parameter �0 = 0:23 � 0:17.Table 1. The ratio of  0 and J= 
ross se
tions in the muon, R 0 (�), ele
tron, R 0 (e), 
hannels and for both
hannels 
ombined, R 0 , obtained for di�erent 
os � intervals using the data from all targets. The value � is thepolar angle of the positive lepton in the s-
hannel heli
ity frame. Additional systemati
 un
ertainties of 5% forthe ele
tron 
hannel and 3% for both the muon 
hannel and for the 
ombined result (see Table 2) are not in
ludedhere. 
os � R 0 (�) R 0 (e) R 0�1:0� �0:8 0:0148 � 0:0024 0:0144� 0:0054 0:0147� 0:0022�0:8� �0:6 0:0211 � 0:0022 0:0169� 0:0046 0:0203� 0:0020�0:6� �0:4 0:0203 � 0:0019 0:0107� 0:0034 0:0180� 0:0017�0:4� �0:2 0:0154 � 0:0016 0:0185� 0:0033 0:0160� 0:0014�0:2� 0:0 0:0152 � 0:0016 0:0130� 0:0028 0:0147� 0:00140:0� 0:2 0:0161 � 0:0016 0:0140� 0:0028 0:0156� 0:00140:2� 0:4 0:0152 � 0:0017 0:0159� 0:0030 0:0154� 0:00150:4� 0:6 0:0187 � 0:0019 0:0167� 0:0035 0:0182� 0:00170:6� 0:8 0:0157 � 0:0021 0:0154� 0:0043 0:0156� 0:00190:8� 1:0 0:0176 � 0:0026 0:0269� 0:0060 0:0191� 0:0024interval of 
os �. We therefore prefer to present our results in the s-
hannel heli
ity frame. Thevalues of R 0 for ten 
os � bins are shown in Table 1.The dependen
e of R 0 on 
os � 
an be des
ribed asB0 d�0=d 
os �B d�=d 
os� / 1 + �0 
os2 �1 + � 
os2 � ; (5)where �0 and � are related to the polarization of the  0 and the J= , respe
tively. The �t ofR 0 (see Fig. 3) with this fun
tion, where �0 is a free parameter and � �xed, depends on the �value, but the di�eren
e �0 � � is nearly 
onstant. We obtain in the s-
hannel heli
ity frame�� = �0 � � = 0:23� 0:17; (6)for the �t with � = 0. To 
he
k the stability of the result, we varied � in the interval (�0:2,0:2), whi
h is broader than the limits given by the published measurements of J= polarization,and obtained a variation of �� in the range �0:04, whi
h is mu
h smaller than the statisti
alun
ertainty.



117 Systemati
 errors of R 0The 
orre
tion of the raw  0= ratio in (1) using the eÆ
ien
y ratio, �=�0, 
al
ulated by MC wasthe subje
t of a detailed study. The eÆ
ien
y ratio, �=�0, was mainly determined by geometri
fa
tors sin
e e�e
ts su
h as dete
tor and trigger eÆ
ien
ies nearly 
an
el out in the ratio. Thegeometri
al fa
tors 
an be 
al
ulated reliably with MC and were found to be quite stable. Thisis 
on�rmed by the data sin
e the raw  0= ratio is also quite stable for di�erent periods of datataking and target 
on�gurations.Nevertheless, a small systemati
 bias 
an appear due to un
ertainties in the simulation ofkinemati
al distributions of 
harmonia produ
tion as well as of the dete
tor and trigger. Possiblebiases were evaluated by varying parameters of the MC simulation.The MC simulation assumed unpolarized produ
tion for J= and  0. However, due to thelimited a

eptan
e, the eÆ
ien
y ratio �=�0 in Eq. (1) 
ould depend on a di�eren
e between thesimulated de
ay angular distributions for the  0 and J= . The ratio �=�0 depends slightly, almostlinearly on the di�eren
e �0 � � and 
onsequently�R 0R 0 = 0:2 � ��: (7)To obtain Eq. 7, we evaluated the eÆ
ien
y ratio �=�0 by simulating  0 and J= produ
tion fordi�erent �� values in the Gottfried-Ja
kson frame. In this frame, the a

eptan
e is less uniformas a fun
tion of 
os �, and the bias of R 0 due to the possible di�eren
e of angular distributionsfor the  0 and J= is dominated by the size of ��. Theoreti
al arguments suggest that thedi�eren
e in the  0 and J= polarization is small. The 
olor evaporation model (CEM) predi
tsthat � and �0 are equal [29℄. In the Nonrelativisti
 QCD (NRQCD) approa
h, the polarization ofthe J= is larger than that of the  0 due to feeddown from the �
, but � is unlikely to ex
eed �0by more than 0.2 [23℄. For the HERA-B experiment, the values for � 
al
ulated in the NRQCDapproa
h [29℄ range from 0 to 0.1. We estimated the 
ontribution to the relative systemati
 errordue to polarization �sys(R 0)=R 0 = 0:02, 
orresponding to �� = 0:1 in (7).Theoreti
al predi
tions for J= and  0 polarization in �xed-target experiments are largelyindependent of the target and beam types and vary slowly with beam energy [29℄. Thereforedire
t 
omparison of results of di�erent experiments is meaningful. Combining measurements[24,25,30℄ for �, [27℄ for �0 and the HERA-B result (6), we obtained �� = 0:09 � 0:11. Thelatter estimate disfavors also a big di�eren
e between � and �0.Table 2. Estimated relative systemati
 errors of the R 0 in the �+��, R 0 (�), and e+e�, R 0 (e), 
hannels fromvarious sour
es, as listed. The total un
ertainty was obtained by quadrati
 summation.Sour
e of un
ertainty �sys(R 0 )=R 0(�) �sys(R 0 )=R 0 (e)Polarization 0.02 0.02pT distribution 0.0006 0.0006xF distribution 0.004 0.004Trigger simulation 0.006 0.02Counting method 0.014 0.035Total 0.03 0.05To estimate the importan
e of the MC model used for the produ
tion kinemati
s, the param-eters of the generated xF and pT distributions were 
hanged within variations allowed by themeasured di�eren
es between  0 and J= kinemati
s [19,31,32℄. The 
orresponding variations ofR 0 were found to be rather small as listed in Table 2. Contributions to the systemati
 error due



12to di�eren
es of kinemati
al distributions and polarization of  0 and J= were highly 
orrelatedfor muons and ele
trons.Un
ertainties 
onne
ted to the trigger were evaluated by removing the trigger simulation forboth muons and ele
trons and, as a se
ond test, in
reasing the value of the ET threshold withrespe
t to the one used by the pretrigger for ele
trons. These are quite extreme tests whi
h surelyoverestimate possible trigger biases, nonetheless, as seen in Table 2, the 
hanges in the R 0 donot ex
eed 1% and 2%, for muons and ele
trons, respe
tively. Moreover, it has been veri�ed forele
trons that any systemati
 bias due to the BR request on the value of R 0 is negligible.The last item listed in Table 2 is related to di�erent methods of 
ounting the numbers of J= and  0 in (1). We obtained these values either by taking all events in the kinemati
 domain (2)or by summing the events in the bins of the xF , pT or 
os � distributions. In doing so, theeÆ
ien
ies were evaluated either for the whole kinemati
 domain or for the di�erent bins.The total relative systemati
 error on R 0 was estimated to be 3% and 5% for the muon andele
tron modes, respe
tively. The larger error for the ele
tron mode 
an be attributed to thehigher 
ontribution of ba
kground.8 xF and pT dependen
e of R 0To obtain the ratio of the  0 to J= produ
tion 
ross se
tions times the dilepton bran
hing ratio,R 0 , as a fun
tion of xF we sele
ted dilepton pairs in eight xF intervals and performed the fullanalysis for ea
h interval independently. The results are listed in Table 3, separately for �+��,e+e� 
hannels as well as for the 
ombined result. Fig. 4 displays the HERA-B results together
 Fx

-0.2 0 0.2 0.4 0.6

  σ
’ /

 B
 d

 
σ

B
’ d

 

0.01

0.02

0.03

0.04 NA50

E771

E789

N, 253 GeV/c-π

HERA-BFigure 4. Measurements of R 0 as a fun
tion of xF . Results of this work, 
ombined for � and e de
ay modesand for all targets, are shown together with previous experiments whi
h measured 
harmonia produ
tion in pN(NA50 [33℄, E771 [31℄, E789 [34℄) and ��N intera
tions [27℄. Only statisti
al errors are shown. Two 
al
ulations,one using the NRQCD approa
h [36℄ and the other using the CEM model [35℄, are indi
ated by the dashedand dotted 
urves, respe
tively. Both 
al
ulations were made for pp intera
tions and 
orre
ted for the nu
learsuppression in the HERA-B target as des
ribed in the text.with earlier measurements. Neither the HERA-B nor the NA50 data [33℄ exhibit signi�
ant xFdependen
ies. R 0 measurements of E771 [31℄ in pN intera
tions extend up to xF = 0:2, butsu�er from large statisti
al errors. A statisti
ally more a

urate measurement, but performedin ��N intera
tions [27℄, also indi
ates only a slow variation of R 0 in the range of low and



13Table 3. The ratio of  0 and J= 
ross se
tions in the muon, R 0 (�), ele
tron, R 0 (e), 
hannels and for both
hannels 
ombined, R 0 , obtained for intervals in xF using the data from all targets. Additional systemati
un
ertainties of 5% for the ele
tron 
hannel and 3% for both the muon 
hannel and for the 
ombined result (seeTable 2) are not in
luded here.xF R 0 (�) R 0 (e) R 0�0:35� �0:25 0:0309� 0:0076 0:0265� 0:0088 0:0290� 0:0058�0:25� �0:20 0:0172� 0:0038 0:0244� 0:0061 0:0192� 0:0032�0:20� �0:15 0:0156� 0:0022 0:0202� 0:0040 0:0167� 0:0019�0:15� �0:10 0:0165� 0:0014 0:0175� 0:0030 0:0167� 0:0013�0:10� �0:05 0:0162� 0:0011 0:0179� 0:0025 0:0165� 0:0010�0:05� 0:00 0:0160� 0:0011 0:0152� 0:0022 0:0158� 0:00100:00 � 0:05 0:0162� 0:0013 0:0147� 0:0025 0:0159� 0:00120:05 � 0:10 0:0095� 0:0025 0:0165� 0:0037 0:0117� 0:0021moderate xF values. We may expe
t a similarity of the xF behavior of the R 0 in pN and ��Nintera
tions, be
ause of the dominan
e of gluon fusion in the 
harmonium produ
tion pro
ess.In the CEM [1℄ the di�erential and integrated 
harmonium produ
tion rates for di�erent
harmonium states should be proportional to ea
h other and independent of proje
tile, targetand energy. The results of the CEM for pp intera
tions [35℄ show a 
at xF behavior and agree withour results (Fig. 4). The NRQCD 
al
ulation [36℄ of  0 and J= produ
tion in pp intera
tionsat 920 GeV shows a slow variation of R 0 versus xF and is 
onsistent with our measurements aswell. The results of the NRQCD and CEM models were both 
orre
ted for nu
lear suppressionas will be dis
ussed in Se
t. 11.The results for R 0 for eight bins in transverse momentum are given in Table 4. R 0 showsa tenden
y to in
rease as a fun
tion of pT as seen in Fig. 5. The �t of R 0 with the ratio offun
tions of the form given in Eq. (3), where the average transverse momentum, hpT i0, for  0 is afree parameter and hpT i for J= is �xed to the value (3), gives hpT i0�hpT i = (0:08�0:03)GeV=
.These results are 
onsistent with those of E771 [31℄ and E789 [34℄, although the large statisti
alerrors of these two previous measurements do not allow for a de
isive test.
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Figure 5. Measurements of R 0 as a fun
tion of the transverse momentum. Combined results for e and � modesobtained for all three targets are shown together with previous results from experiments E771 [31℄ and E789 [34℄.Only statisti
al errors are shown. A �t of the HERA-B results with the ratio of fun
tions (3) as des
ribed in thetext, is shown by the dashed line.



14Table 4. The ratio of  0 and J= 
ross se
tions in the muon, R 0 (�), ele
tron, R 0 (e), 
hannels and for both
hannels 
ombined, R 0 , obtained for intervals in pT using the data from all targets. Additional systemati
un
ertainties of 5% for the ele
tron 
hannel and 3% for both the muon 
hannel and for the 
ombined result (seeTable 2) are not in
luded here.pT [GeV/
℄ R 0(�) R 0 (e) R 00:0� 0:5 0:0143� 0:0015 0:0129� 0:0031 0:0140� 0:00140:5� 0:9 0:0156� 0:0012 0:0145� 0:0022 0:0153� 0:00110:9� 1:3 0:0167� 0:0012 0:0159� 0:0025 0:0166� 0:00111:3� 1:7 0:0171� 0:0014 0:0201� 0:0027 0:0177� 0:00121:7� 2:1 0:0156� 0:0019 0:0134� 0:0034 0:0151� 0:00172:1� 2:5 0:0192� 0:0027 0:0145� 0:0040 0:0177� 0:00222:5� 2:9 0:0248� 0:0041 0:0150� 0:0055 0:0213� 0:00332:9� 4:5 0:0277� 0:0043 0:0198� 0:0061 0:0251� 0:00359 Combined results for R 0 and for the double ratio of leptoni
 bran
hing fra
tionsAn independent analysis was performed for ea
h target sample (C, Ti, W) and separately forboth dimuon and diele
tron trigger modes. For ea
h sample the dilepton invariant mass spe
trawere �tted to obtain the raw  0= ratio whi
h was then 
orre
ted a

ording to (1) by theeÆ
ien
y ratio �=�0.The values of R 0 in both dilepton 
hannels obtained for all three targets are shown inTable 5. For ea
h target the values of R 0 for the muon and ele
tron mode were 
ombined andthe ratio R 0(�)=R 0(e) was evaluated.Table 5. The ratio of  0 and J= produ
tion 
ross se
tions per nu
leus in the muon, R 0(�), ele
tron, R 0(e),
hannels and for both 
hannels 
ombined, R 0 , for ea
h target. The ratio R 0 (�)=R 0(e) is also presented. Thequoted errors indi
ate the statisti
al and systemati
 errors, respe
tively.Target R 0 (�) R 0(e) R 0 R 0 (�)=R 0 (e)C 0:0166� 0:0007� 0:0004 0:0154 � 0:0012� 0:0007 0:0163� 0:0006� 0:0005 1:08� 0:10 � 0:04Ti 0:0198� 0:0029� 0:0005 0:0200 � 0:0045� 0:0009 0:0199� 0:0024� 0:0006 0:99� 0:27 � 0:04W 0:0158� 0:0011� 0:0004 0:0182 � 0:0025� 0:0012 0:0162� 0:0010� 0:0005 0:87� 0:13 � 0:03We obtained the ratio R 0(�)=R 0(e), 
ombined for all targets, as a weighted average of thethree 
orresponding values from Table 5:R 0(�)=R 0(e) = 1:00� 0:08� 0:04: (8)The quoted errors are statisti
al and systemati
. The systemati
 error was estimated by 
om-paring the results of di�erent 
ounting methods and by taking into a

ount the un
ertainty oftrigger simulation (mainly due to the ele
tron mode) as dis
ussed in Se
t. 7. Contributions tothe systemati
 error due to di�eren
es of kinemati
al distributions and polarization of  0 andJ= almost 
an
el out in (8).The ratio (8) also represents a dire
t measurement for the double ratio of the bran
hingfra
tions of the  0 and J= dilepton de
ays:R 0(�)R 0(e) = B0(�) �B(e)B(�) �B0(e) : (9)The PDG values of bran
hing ratios are [5℄: B(�) = (5:88� 0:10)%, B(e) = (5:93� 0:10)% forJ= dilepton de
ays and B0(�) = (0:73� 0:08)%, B0(e) = (0:741� 0:028)% for  0 de
ays. The
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Figure 6. The error ellipse for B0(e) versus B0(�), evaluated by using the 
ovarian
e matrix from [5℄ (dashed
urve) and after (solid 
urve) applying the HERA-B 
onstraint given by (8). 0 bran
hing ratios are not independent sin
e they are obtained by a global �t performed by thePDG [5℄, whi
h results in B0(�)=B0(e) = 0:99� 0:13. The latter value and the J= bran
hingratios 
orrespond to the following determination of the double ratio:B0(�) �B(e)B(�) �B0(e) = 1:00� 0:13; (10)whi
h is 
ompatible with (8), but slightly less pre
ise.Our result (8) for R 0(�)=R 0(e) would give a signi�
ant 
ontribution as an additional 
on-straint of the global �t of  0 bran
hing ratios as shown in Fig. 6. The error ellipse for B0(e)versus B0(�), evaluated by using the 
ovarian
e matrix from [5℄, is shrunk along the B0(�) axis(partially at the expense of a tilt, i.e. a 
orrelation) after applying the additional HERA-B
onstraint by (8).10 The xF dependen
e of nu
lear suppressionUsually the nu
lear dependen
e of 
ross se
tions is parameterized as a power law with exponent� �A / A�; (11)where A is the atomi
 mass number. The nu
lear dependen
e of R 0 is then also a power law inA: B0 �0AB �A / A�0�� (12)with the parameters �0 and � for the  0 and J= , respe
tively. Re
ent high statisti
s measure-ments of the nu
lear dependen
e of J= and  0 produ
tion for proton-nu
leus 
ollisions weremade at Fermilab E866 [37℄ and at CERN NA50 [33℄. Both results are presented in terms of�� = �0 � �
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Figure 7. The di�eren
e of � for  0 and J= produ
tion as a fun
tion of xF determined from C and W data(
ir
les), 
ompared to results of E866 [37℄ (solid triangles) and NA50 [33℄ (triangles). A �t of the E866 results bya 
onstant (13) is shown by the dashed line. The results of CEM for 
olor singlet nu
lear absorption [38℄ at 920GeV are displayed by the solid line. The NRQCD results [38℄ at 450 GeV and 920 GeV are shown by the dottedand dashed-dotted 
urves, respe
tively.for various xF sli
es in Fig 7. The two results are in reasonable agreement. The HERA-Bresults for ��, derived from C and W data and also shown in Fig 7, are 
onsistent with bothmeasurements, but less a

urate. The measurements shown in Fig. 7 indi
ate little or no xFdependen
e of ��.The 
al
ulations of nu
lear suppression by the CEM for 
olor singlet absorption and NRQCDmodels [38℄ also indi
ate slow xF and 
ollision energy dependen
es of �� and that � is largerthan �0, however the predi
ted di�eren
e between �0 and � is less than the measured di�eren
e.The CEM, with the additional assumptions in [39℄, predi
ts that �� should be zero over thexF range of this measurement. Be
ause of the small variation of �� in our kinemati
 range (2),we will use the experimental value averaged over xF (see Se
t. 11) for the analysis of our resultsand for 
omparison with 
al
ulations performed for pp intera
tions.The E866 results, in the xF range shown in Fig. 7, were �tted by a 
onstant value:��(E866) = �0:026 � 0:005; (13)whi
h will be used as an independent measurement of �� in the analysis of R 0 results in thenext Se
t.11 Comparison with previous measurementsA 
ompilation of measurements of R 0 is shown in Fig. 8 (see also Table 6) together with theHERA-B results for the three targets. Previous measurements of R 0 for atomi
 mass numbersA > 2 were �tted by the fun
tion B0 �A( 0)B�A(J= ) = R1 0 �A��; (14)with two parameters, where R1 0 is the value of the �t fun
tion when formally extrapolated toA = 1 and �� is the power. The E866 value (13) was used as an additional measurement of thepower in the �t. The �tted parameters are:R1 0 = 0:0184� 0:0004; �� = �0:030� 0:004: (15)



17Measurements performed with hydrogen and deuterium targets do not follow this simple powerlaw dependen
e, as seen in Fig. 8, where the NA51 measurements [45℄ for pp and pd intera
-tions are also displayed. The HERA-B results are in good agreement with the �t of previousmeasurements.
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Figure 8. A 
ompilation of measurements of R 0 as a fun
tion of the atomi
 mass number of the target, A.All previous measurements (Table 6) for A > 2 (i.e. ex
luding NA51) are �tted (dashed line) by the fun
tion(14) with the E866 value (13) used as an additional measurement of the power in the �t. The HERA-B results
ombined for e and � are also displayed.Table 6. Ratio of  0 and J= 
ross se
tions in the dilepton 
hannel measured in previous experiments of 
harmo-nium produ
tion by protons with momentum, p, intera
ting with targets with the indi
ated atomi
 mass number,A. The 
enter{of{mass energy of the intera
ting nu
leons, ps, is also given. The results of NA50 are listed forthe \high intensity" samples sin
e they are better suited to study the R 0 ratio [33℄. The measurements wereperformed in the dimuon 
hannel, with the ex
eption of the ISR experiment (last row) whi
h dete
ted e+e� pairs.pN A p(GeV/
) ps(GeV) B0�0=B� Experimentpp 1 450 29.1 0:0157 � 0:0004� 0:0002 NA51 [45℄pd 2 450 29.1 0:0167� 0:0004 � 0:00025 NA51 [45℄pBe 9 450 29.1 0:0173 � 0:0004� 0:0002 NA50 [33℄pAl 27 450 29.1 0:0173 � 0:0003� 0:0004 NA50 [33℄pCu 64 450 29.1 0:0164 � 0:0002� 0:0002 NA50 [33℄pAg 108 450 29.1 0:0157 � 0:0002� 0:0002 NA50 [33℄pW 184 450 29.1 0:0153 � 0:0003� 0:0002 NA50 [33℄pW 184 200 19.4 0:0180� 0:0017 NA38 in [46℄pU 238 200 19.4 0:0177� 0:0022 NA38 in [46℄pBe 9 400 27.4 0:017� 0:005 E288 [47℄pC 12 225 20.6 0:007� 0:004 E331 [48℄pC 12 225 20.6 0:016� 0:009 E444 [49℄pLi 7 300 23.8 0:0188 � 0:0026� 0:0005 E705 [32℄pSi 28 800 38.8 0:0165� 0:0020 E771 [31℄pAu 197 800 38.8 0:018� 0:001� 0:002 E789 [34℄pp 1 { 62.4 0:019� 0:007 ISR [6℄



18 The HERA-B measurements of R 0 for three targets are well �tted by the fun
tion (14) withthe value �� from (15) used as an additional measurement in the �t, resulting inR1 0 = 0:0180� 0:0006� 0:0005;�� = �0:029� 0:004: (16)The latter R1 0 value is in agreement with (15). A joint �t of previous (A > 2) and HERA-B
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Figure 9. A 
ompilation of measurements of R 0 in the dilepton de
ay mode as a fun
tion of the 
enter{of{massenergy. The measured ratios are res
aled by A0:029 to 
ompensate the nu
lear suppression for targets with di�eringatomi
 mass number A (see Eq. (16)). The HERA-B results 
ombined for e and � are shown separately for C, Tiand W. The previous measurements from Table 6 (with atomi
 mass number, A > 2) are presented. The CEMexpe
tation [35℄ is displayed by the dashed line. The NRQCD 
al
ulation [50℄ is shown by the solid line. Theun
ertainty of the 
al
ulation is shown by dotted lines.measurements, using the value �� from (13) as an additional measurement in the �t, results inR1 0 = 0:0183� 0:0003 and �� as given in (16).A 
ompilation of measurements of R 0 as a fun
tion of 
enter{of{mass energy is shown inFig. 9. The measurements were performed with various targets and therefore need to be adjustedto 
ompensate for nu
lear e�e
ts. We assume the A-dependen
e given by Eq. (14) with �� from(16) and therefore res
ale all measurements by A0:029 negle
ting the error in ��. The res
aledR 0 measurements are 
onsistent with a 
at energy dependen
e, in agreement with the CEM [35℄.NRQCD 
al
ulations for R 0 [50℄ show a slow in
rease with 
enter{o�-mass energy. Due to theun
ertainties of the 
al
ulation su
h a variation of R 0 is not ex
luded, but is disfavored.12 Con
lusionsWe have performed a study of  0 de
ays into �+�� and e+e� using a sample of dilepton triggereddata re
orded during the HERA-B 2002{2003 running period. The sample was divided roughlyequally between the dimuon and diele
tron de
ay modes. The analysis was based on the sele
tionof dilepton events with relatively low ba
kground 
ontamination and �tting of the dileptoninvariant mass spe
tra in the area around the J= and  0 signals. The �tted ratio of the numbers



19of events in the  0 and J= peaks was 
orre
ted for the J= ( 0) eÆ
ien
y, �(�0), to obtain theratio of the  0 and J= produ
tion 
ross se
tions in the dilepton 
hannel, R 0 .For the analysis, we sele
ted the kinemati
 domain (2), in whi
h the  0 signal was 
learlyvisible. The eÆ
ien
y ratio, �=�0, was mainly determined by geometri
 fa
tors and, therefore,was stable during the running time and reliable for MC 
al
ulations. The HERA-B results arethe �rst measurement of R 0 in the negative xF range. The measured R 0 shows little or no xFdependen
e and is 
onsistent with the previous measurements for positive xF and with CEM andNRQCD 
al
ulations. The results suggest a slow in
rease of R 0 with in
reasing pT , although a
at pT dependen
e 
annot be ex
luded.From the analysis of the angular dependen
e of R 0 , the di�eren
e of the polarization pa-rameters � for the  0 and the J= has been derived:�� = �0 � � = 0:23� 0:17:The ratios of  0 and J= produ
tion 
ross se
tions in the dilepton 
hannel 
ombined for the �and e modes and measured for 
arbon, titanium and tungsten targets are:B0 �0 =B � (C) = 0:0163� 0:0006� 0:0005;B0 �0 =B � (Ti) = 0:0199� 0:0024� 0:0006;B0 �0 =B � (W) = 0:0162� 0:0010� 0:0005; (17)respe
tively. The quoted errors are statisti
al and systemati
.Assuming a nu
lear dependen
e in the form of a power law, R1 0 � A��, and using as a
onstraint the value �� = �0:030 � 0:004 obtained from previous measurements, a �t to theabove values yielded: R1 0 = 0:0180� 0:0006� 0:0005:With a joint �t to HERA-B results and previous measurements for di�erent targets (A > 2),assuming a power law dependen
e on the target atomi
 mass number and using the value ��extra
ted from E866 results as an additional measurement in the �t, we obtained the followingvalues for the �tted parameter:R1 0 = 0:0183� 0:0003; �� = �0:029� 0:004:The HERA-B results (17) indi
ate no signi�
ant energy dependen
e of R 0 with respe
t toprevious measurements at lower energies.Averaging over all three targets yields the ratio:R 0(�)=R 0(e) = 1:00� 0:08� 0:04This result 
on�rms e � � universality in dilepton de
ays of the  0 with an a

ura
y whi
h isbetter than 
an be a
hieved using only 
urrent PDG bran
hing ratios for the  0 and J= dileptonde
ays. The result 
an be used as an additional 
onstraint to update the PDG bran
hing ratiosfor  0 dilepton de
ays.13 A
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