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Abstra
t

The mid-rapidity (d�

pN

=dy at y=0) and total (�

pN

) produ
tion 
ross se
tions of

J= mesons are measured in proton-nu
leus intera
tions. Data 
olle
ted by the

HERA-B experiment in intera
tions of 920 GeV/
 protons with 
arbon, titanium

and tungsten targets are used for this analysis. The J= mesons are re
onstru
ted

by their de
ay into lepton pairs. The total produ
tion 
ross se
tion obtained is

3



�

J= 

pN

= 663� 74� 46 nb/nu
leon. In addition, our result is 
ompared with previous

measurements.

PACS: 13.20Gd, 13.85Ni, 24.85+p

1 Introdu
tion

Sin
e the spe
ta
ular dis
overy of the J= parti
le [1,2℄ heavy-quarkonium

produ
tion in hadron-hadron intera
tions has been in the fo
us of interest

be
ause it provides important information on both perturbative and non-

perturbative aspe
ts of Quantum Chromodynami
s (QCD). Espe
ially the

unexpe
tedly large 
ross se
tions for J= and  (2S) at large transverse mo-

menta observed by the CDF experiment [3℄ renewed this interest and led to the

development of the non-relativisti
 QCD (NRQCD) approa
h [4℄, whi
h ex-

tends the 
olor-singlet model by in
luding 
olor-o
tet 
ontributions [5,6,7℄. A

di�erent approa
h to 
harmoniumprodu
tion is based on the 
olor evaporation

model [8,9℄. Both models predi
t the energy dependen
e of J= produ
tion.

These theoreti
al predi
tions have to be 
ompared to the experimental re-

sults obtained in proton indu
ed rea
tions. However, despite the large interest

in this �eld, the experimental situation is far from being satisfa
tory. Cross

se
tion measurements at 
omparable energies di�er well outside the quoted

un
ertainties. Thus a new measurement with low systemati
 errors is of inter-

est.

In this paper, we report on a measurement of the 
ross se
tion for J= produ
-

tion in intera
tions of 920 GeV/
 protons with nu
lei of atomi
 weight A using

the HERA-B dete
tor. The 
orresponding 
enter of mass energy of the proton

nu
leon intera
tion is

p

s=41.6 GeV. A data sample of 210 million intera
tions

on 
arbon, titanium and tungsten targets was re
orded using a minimum bias

trigger in the 2002-2003 HERA running period. The J= mesons are dete
ted

in the in
lusive rea
tion

pA! J= X with J= ! e

+

e

�

or �

+

�

�

:

The advantage of su
h a minimum bias data sample is the low systemati


error due to the large (> 97%) trigger eÆ
ien
y, the large angular 
overage of

HERA-B and its large re
onstru
tion eÆ
ien
y. On the other hand, the size

of the sample is small, sin
e 
harmonium 
ross se
tions are 4 � 5 orders of

magnitude less than the total inelasti
 
ross se
tion.
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2 Apparatus

The HERA-B �xed-target spe
trometer operated at the 920 GeV/
 proton

beam of the HERA storage ring at DESY using one or more wire targets in-

serted into the beam halo. The dete
tor was equipped with a vertex dete
tor

and extensive tra
king and parti
le identi�
ation systems. It had a large geo-

metri
al 
overage from 15 mrad to 220 mrad in the bending (horizontal) plane

and 15 mrad to 160 mrad in the non-bending (verti
al) plane. Fig. 1 shows a

plan view of the dete
tor in the 
on�guration of the 2002-2003 data run.

The target system [10℄ 
onsisted of two stations of four wires ea
h. The wires

were positioned above, below, and on either side of the beam and were made

from various materials in
luding 
arbon, titanium and tungsten. The stations

were separated by 40 mm along the beam dire
tion. The wires were positioned

individually in the halo of the stored proton beam and the intera
tion rate for

ea
h inserted wire was adjusted independently.

The Vertex Dete
tor System (VDS) [11℄ was a forward mi
ro-strip vertex

dete
tor integrated into the HERA proton ring. It provided a pre
ise mea-

surement of primary and se
ondary verti
es. The VDS 
onsisted of 7 stations

(with 4 stereo views ea
h) of double-sided sili
on strip dete
tors (50 � 70mm,

50 �m pit
h) integrated into a Roman pot system inside a va
uum vessel and

operated as near as 10mm from the beam. An additional station was mounted

immediately downstream of the 3mm thi
k aluminum window of the va
uum

vessel.

The �rst station of the main tra
ker was pla
ed upstream of the 2.13Tm

spe
trometer dipole magnet. The remaining 6 tra
king stations extended from

the downstream end of the magnet to the ele
tromagneti
 
alorimeter (ECAL)

lo
ated 13m downstream of the target. Ea
h tra
king station was divided

into inner and outer dete
tors. The region starting from the beam pipe and

extending up to 200mm was 
overed by mi
ro-strip gas 
hambers with GEM

foils (inner tra
ker [12℄) whi
h, however, were not used in this analysis due

to insuÆ
ient stability. The region outside the inner tra
ker was 
overed by

the large area outer tra
ker (OTR) [13℄ 
onsisting of �95,000 
hannels of

honey
omb drift 
ells.

Parti
le identi�
ation was performed by a Ring Imaging Cherenkov dete
tor

(RICH) [14℄, an ele
tromagneti
 
alorimeter (ECAL) [15℄ and a muon de-

te
tor (MUON) [16℄. The RICH used C

4

F

10

as radiator gas and two large

spheri
al mirrors to proje
t Cherenkov photons on the photon dete
tor em-

ploying multi-anode photomultipliers. The ECAL was based on \shashlik"

sampling 
alorimeter te
hnology, 
onsisting of s
intillator layers sandwi
hed

between metal absorbers. It was subdivided in three di�erent se
tions with

5



in
reasing 
ell size. In the radially innermost se
tion, tungsten was used as

an absorber, and lead was used everywhere else. The MUON dete
tor was

segmented into four super-layers. Iron and 
on
rete shielding extended from

just behind the ECAL to the last MUON super-layer, ex
ept for gaps for the

super-layers themselves. The �rst two super-layers 
onsisted of three layers

of tube 
hambers with di�erent stereo angles. The last two super-layers ea
h


onsisted of one layer of tube 
hambers with additional 
athode pad readout.

Ring Imaging 
Cherenkov Counter

250 mrad

220 mrad

Magnet

Si-Strip 
Vertex
Detector

Calorimeter Muon Detector

Target
Wires

0 m 5 10 15 20

Proton
Beam

Electron
Beam

Vertex Vessel

Inner / Outer Tracker

Al Beam

Pipe

x

z

Figure 1. Plan view (bending plane) of the HERA-B dete
tor.

3 Data Sample and Trigger

The present analysis is performed on single wire 
arbon, titanium and tungsten

runs taken under stable 
onditions with a minimum bias trigger with a total

of 182 million intera
tions (Table 1). The trigger required at least 20 hits in

the RICH dete
tor (
ompared to an average of 33 for a full ring from a � = 1

parti
le [14℄) or an energy deposit of at least 1 GeV in the ele
tromagneti



alorimeter and was sensitive to �

trigger

> 97% of the total inelasti
 
ross

se
tion �

inel

.

The integrated luminosity was determined [17℄ from the number of inelasti


intera
tions N

inel

using the expression L = N

inel

=(�

trigger

��

inel

). The data were

re
orded at a moderate intera
tion rate of about 1.5 MHz whi
h 
orresponds

to 0.17 intera
tions per �lled bun
h 
rossing. Therefore only about 10% of the

events 
ontain more than one intera
tion. The high data a
quisition rate of

about 1000 Hz allowed to re
ord the bulk of the data within two weeks.

The information delivered by the vertex dete
tor, outer tra
ker, ele
tromag-

neti
 
alorimeter and muon dete
tor entered into this analysis.

6



Target Events L(�b

�1

) �(L)=L

C Below 1 68.8 M 277. 4.8%

C Inner 2 20.5 M 98.0 4.8%

Ti Below 2 24.7 M 30.9 5.0%

W Inner 1 67.6 M 35.7 3.8%

Table 1

Summary of minimum bias statisti
s. Target material, wire position with respe
t to

the proton beam (inner wire 
orresponds to +X and outer wire to -X, see Fig. 1),

integrated luminosities as well as the sample-spe
i�
 luminosity errors are given. In

addition, a 2.0% s
aling error on luminosity has to be taken into a

ount.

4 Data Analysis

4.1 Event Sele
tion

The sear
h for J= 
andidates is performed by analyzing the invariant mass

spe
trum of unlike-sign lepton pairs. The phase-spa
e region of the J= , in

rapidity y, 
overed by our measurement is �1:25 < y < +0:35. The 
orre-

sponding range in Feynman x

F

is �0:225 < x

F

< +0:075. Throughout this

paper, the rapidity is de�ned in the proton-nu
leon 
enter-of-mass system.

Soft 
uts (see Table 2) are applied on the number of hits in the tra
king sys-

tem to sele
t properly re
onstru
ted tra
ks. Cutting on the dilepton vertex �t

probability ensures that the two tra
ks have a 
ommon vertex. A 
ut on the

transverse momentum of the leptons helps to redu
e the ba
kground with a

small loss (< 3%) in signal eÆ
ien
y.

The signal to ba
kground ratio 
an be improved by applying more stringent


uts on the lepton identi�
ation. In order to �nd the best set of 
ut values the

signal signi�
an
e S=

p

S +B is maximized. S is the number of J= surviving

the sele
tion 
uts in the J= Monte Carlo sample (see Se
. 5) s
aled to obtain

a 
omparable number of re
onstru
ted J= in Monte Carlo as in real data.

The ba
kground B is evaluated from the like sign invariant mass spe
trum in

a 2.5 standard deviation window around the J= position. Su
h a pro
edure

allows to adjust the lepton identi�
ation 
riteria in an unbiased way.

Muon 
andidates are sele
ted by requiring that the muon likelihood L

�

(nor-

malized to one) derived from the muon hit information is greater than 0.2.

In the 
ase of ele
trons, the ba
kground is higher due to pions intera
ting

in the ECAL and 
harged hadrons overlapping with energy depositions by

neutral parti
les. We therefore require that the tra
k position extrapolated

7



�

+

�

�

e

+

e

�

Number of hits in VDS � 6

(12 hits on average)

Number of hits in OTR � 10

(40 hits on average)

Transverse mom. p

T

(GeV/
) > 0.7

Dilepton rapidity �1:25 < y < +0:35

Dilepton vertex �t probability > 10

�5

Muon likelihood (L

�

) > 0:2

VDS-ECAL mat
h j�Y j < 0:75 
ell

width

E=p �2:0 < (E=p �

0:98)=� < +3:5

Table 2

Event sele
tion requirements. The lepton identi�
ation 
uts (last three rows) are

�xed by the optimization pro
edure des
ribed in the text.

to the ECAL in the non-bending dire
tion Y mat
hes a 
luster with j�Yj

< 0.75 
ell width. Moreover, the ratio E=p, where E is the energy deposited

in the ele
tromagneti
 
alorimeter and p the momentum measured by the

tra
king system, provides good dis
rimination between ele
trons and hadrons.

However, the ele
trons 
an emit Bremsstrahlung photons (BR) when passing

the dete
tor planes. BR photons emitted before the magnet are sear
hed for

in the ECAL and the momentum of the ele
tron is 
orre
ted if su
h a 
luster

is found. Details of this pro
edure are explained in [18℄.

Additional energy losses result in a small deviation of the ratio E=p from

unity. Consequently, a tra
k is identi�ed as an ele
tron 
andidate if �2:0 <

(E=p � 0:98)=� < +3:5 with � � 6%.

4.2 J= ! �

+

�

�

The dimuon invariant mass distribution that results from 
ombining all data-

sets and applying the sele
tion 
riteria dis
ussed above is plotted in Fig. 2a.

This distribution is �tted by a Gaussian plus a tail in the signal region and

an exponential for the ba
kground. The tail takes into a

ount the radiative

pro
ess J= ! �

+

�

�


 [19℄ whereas the ba
kground shape is suggested by the

mass spe
trum of like-sign lepton pairs (see Fig. 2b).
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Figure 2. a) Unlike sign pairs �tted with a Gaussian plus a radiative tail for the

signal and an exponential for the ba
kground; b) like sign dimuon 
andidates �tted

with an exponential.

A �t with this fun
tion results in 100 � 12 J= ! �

+

�

�

de
ays. To indi
ate

the in
uen
e of the radiative tail, the mass distribution is �tted with a simple

Gaussian resulting in 94 � 12 events.

The peak position and the width (FWHM) are 3:093 � 0:005 GeV/


2

and

85� 10 MeV/


2

, respe
tively. The width is in good agreement with the width

expe
ted from the J= Monte Carlo simulation (see Se
. 5). These �t results

are used as input to the �t of the individual signals obtained from the three

di�erent data samples shown in Fig. 3a-
. The sum of the three signals (see

Table 3) is in good agreement with the �t to the total sample.

J= ! �

+

�

�

total sample subsample

Fit in
luding radiative tail 100�12


arbon 25�6

titanium 16�4

tungsten 58�9

J= ! e

+

e

�

total sample subsample

Fit in
luding radiative tail 57�13


arbon 32�8

titanium 2�4

tungsten 24�10

Table 3

Signal yield for J= ! �

+

�

�

and J= ! e

+

e

�

.
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Figure 3. Invariant mass of unlike sign muon pairs from a) 
arbon, b) titanium, and


) tungsten sample.

4.3 J= ! e

+

e

�

In 
ontrast to muons, the momentummeasurement of ele
trons is distorted by

energy losses due to the emission of Bremsstrahlung in the dete
tor planes be-

fore the ele
tromagneti
 
alorimeter. Consequently, the diele
tron mass distri-

bution shows a more pronoun
ed tail towards smaller masses. The des
ription

of this tail taking into a

ount Bremsstrahlung losses as well as the radia-

tive tail due to the de
ay J= ! e

+

e

�


 was adjusted by using our dilepton-

triggered J= ! e

+

e

�

sample [20℄ whi
h was re
orded in the same data taking

period with the same dete
tor set-up. Fig. 4a displays the diele
tron invariant

mass distribution after applying the sele
tion 
riteria listed in Table 2. Using

an exponential to des
ribe the ba
kground we obtain 57 � 13 J= ! e

+

e

�

events (Table 3). As for the muons, the exponential ba
kground 
an be moti-

vated by the like sign mass spe
trum shown in Fig. 4b.
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Figure 4. a) Invariant mass of unlike sign ele
tron pairs �tted with a Gaussian plus

a radiative tail for the signal and an exponential for the ba
kground; b) like sign

diele
tron 
andidates �tted with an exponential.

5 EÆ
ien
y Determination

A Monte Carlo simulation is used to determine the J= ! `

+

`

�

eÆ
ien
ies.

The Monte Carlo samples for pA ! J= + X are generated in two steps.

First, a 

 pair is generated with Pythia 5.7 [21℄ su
h that a J= is always

produ
ed. The generated events are reweighted su
h that the resulting 
ross

se
tions 
onform to the parameterizations

d�

dp

T

2

/

2

4

1 +

 

35 � � � p

T

256 � hp

T

i

!

2

3

5

�6

and

d�

dx

F

/ (1� jx

F

j)




:

The average transverse momentum of hp

T

i = 1:29� 0:01 GeV/
 is taken from

a preliminary HERA-B analysis of the J= sample re
orded with a dilepton

trigger [20℄. The slight in
rease of the average transverse momentumwith the

mass of the nu
leus is negle
ted. We take 
 = 6:38 � 0:24 as measured in

proton-sili
on 
ollisions at 800GeV/
 [22℄. The J= 's are generated without

polarization. The in
uen
e of a possible J= polarization within limits given

by the experimental results [22-25℄ is taken into a

ount as a systemati
 error.

After the generation of the J= the remaining energy is given as input to

Fritiof 7.02 [26℄ whi
h generates the underlying event taking into a

ount

further intera
tions inside the nu
leus.
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The dete
tor response is simulated with theGeant 3.21 pa
kage [27℄. Realisti


dete
tor eÆ
ien
ies, readout noise and dead 
hannels are taken into a

ount.

The simulated events are pro
essed by the same re
onstru
tion 
odes as the

data. The total eÆ
ien
ies, in
luding tra
k re
onstru
tion as well as the in
u-

en
e of the sele
tion 
uts, are summarized in Table 4. The trigger eÆ
ien
y

for events 
ontaining a J= meson is above 99%.

Target �(�

+

�

�

) �(e

+

e

�

)

C Below 1 0.337 � 0.003 0.256 � 0.003

C Inner 2 0.339 � 0.004 0.261 � 0.004

Ti Below 2 0.325 � 0.003 0.247 � 0.002

W Inner 1 0.317 � 0.002 0.235 � 0.002

Table 4

Total eÆ
ien
y of re
onstru
tion and sele
tion 
uts in the rapidity interval �1:25 <

y < +0:35. The un
ertainties quoted are the statisti
al un
ertainties of the MC

simulation.

6 Results

6.1 Combined 
ross se
tions per nu
leus

The �rst step in determining the produ
tion 
ross se
tions is to 
ombine, for

ea
h target material, the results of the two di�erent �nal states. This is possible

be
ause the two measurements are statisti
ally independent and 
ompatible.

The weighted average takes into a

ount the statisti
al errors as well as those

systemati
 errors whi
h depend on the lepton spe
ies (
ontributions 1 - 2 of

Se
. 6.2). The visible 
ross se
tions per nu
leus, i.e. the 
ross se
tions measured

in the rapidity interval of �1:25 < y < +0:35, are given by

��

J= 

pA

=

N

i

Br(J= ! `

+

`

�

) � �

i

� L

i

where

� N

i

, �

i

and L

i

are the measured J= yield, the eÆ
ien
y (Table 4) and the

integrated luminosity (Table 1) for a parti
ular target,

� Br is the bran
hing fra
tion whi
h is (5:88� 0:10) % for J= ! �

+

�

�

and

(5:93 � 0:10) % for J= ! e

+

e

�

[28℄.

The 
ombined 
ross se
tions ��

J= 

pA

, summarized in Table 5, are almost inde-

pendent of the assumptions made on the di�erential distributions (see Se
. 5).
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However, for the total 
ross se
tions an extrapolation fa
tor 1=f must be ap-

plied whi
h depends on the shape of the rapidity distribution. This fa
tor

f = 0:631 � 0:010 is determined from the rapidity distribution of the J= 

mesons generated in the Monte Carlo simulation.

The total 
ross se
tions obtained by extrapolation of the visible 
ross se
tions

�

J= 

pA

=

��

J= 

pA

f

are also given in Table 5.

Target A ��

pA

(�b) �

pA

(�b)


arbon 12.011 4:0� 0:7� 0:3 6:3� 1:1� 0:5

titanium 47.867 17:� 6:� 1: 27:� 9:� 2:

tungsten 183.84 75:� 11:� 5: 118:� 18:� 8:

Table 5

Visible ��

pA

(in the rapidity interval �1:25 < y < +0:35) and total �

pA

J= 
ross

se
tions per nu
leus of atomi
 weight A. The errors quoted indi
ate the statisti
al

and systemati
 un
ertainties, respe
tively.

6.2 Systemati
 Un
ertainties

The total systemati
 un
ertainty of the produ
tion 
ross se
tions is 
omposed

of the following 
ontributions:

(1) Parti
le identi�
ation 
uts are varied over a wide range and, for ea
h set

of 
ut values, the 
ross se
tion is evaluated. The variation of the 
ross

se
tion 
orresponds to 2:5% for J= ! �

+

�

�

and 2:0% for J= ! e

+

e

�

,

respe
tively.

(2) Allowing for extreme variations of both signal shape and ba
kground

parameterization, we estimate the rms un
ertainty on signal 
ounting by

dividing the di�eren
e of the extreme values by

p

12 resulting in 2.5% for

J= ! �

+

�

�

and 8% for J= ! e

+

e

�

.

(3) The luminosity un
ertainties of ea
h data sample are shown in Table 1.

(4) The overall s
aling error of the luminosity is 2.0% [17℄.

(5) The tra
k re
onstru
tion eÆ
ien
y is tested separately for VDS and OTR

using K

0

s

de
ays. One of the 
harged pions is re
onstru
ted based on

VDS (or OTR) and RICH/ECAL information only. Applying the same

pro
edure to Monte Carlo data, we obtain an un
ertainty of the tra
k

re
onstru
tion eÆ
ien
y of 1.5% per tra
k.
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(6) The un
ertainty of the Monte Carlo produ
tion model within our kine-

mati
al range is 2.5%. This in
ludes variations of the p

T

shape as well as

of the polarization parameter. Varying the exponent 
 of the x

F

distribu-

tion within errors has negligible in
uen
e on our re
onstru
tion eÆ
ien
y.

Redu
ing the exponent 
 from 6.38 to 5.0 
orresponds to a 1% 
hange in

the eÆ
ien
y.

(7) Ea
h of the bran
hing fra
tions for J= ! �

+

�

�

and J= ! e

+

e

�

has

an un
ertainty of 1.7% [28℄.

(8) The un
ertainty on the extrapolation to the full rapidity range is deter-

mined by varying the exponent of the x

F

parameterization within the

errors to be 1.5%.

(9) Using �

J= 

pA

= �

J= 

pN

� A

�

as parameterization of the A-dependen
e, the

un
ertainty of � = 0:96 � 0:01 [29℄ 
orresponds to a 3.6% un
ertainty of

the 
ross se
tion per nu
leon.

6.3 Cross se
tions per nu
leon

As a last step, the results of the three data samples are 
ombined to determine

the 
ross se
tion per nu
leon �

J= 

pN

. The 
ross se
tion for J= produ
tion on a

nu
lear target of atomi
 weight A is parameterized as

�

J= 

pA

= �

J= 

pN

�A

�

:

By �tting this expression to our data we 
an determine the 
ross se
tion per

nu
leon. However, the limited statisti
s of our sample does not allow for a pre-


ise measurement of the A-dependen
e. Therefore we �x the parameter to the

mid-rapidity measurement � = 0:96 � 0:01 of E866 [29℄. Fig. 5 demonstrates

that our result is in good agreement with this assumption (�

2

=NDF = 1:5=2).

For this �t only the statisti
al and the relevant systemati
 un
ertainties (1 -

3 of Se
. 6.2) are taken into a

ount.

As a result we obtain

�

J= 

pN

= 663 � 74 � 46 nb=nu
leon

for the total J= produ
tion 
ross se
tion per nu
leon. The systemati
 un
er-

tainty quoted 
omprises all 
ontributions des
ribed in Se
. 6.2.

The mid-rapidity 
ross se
tion 
an be derived by applying a fa
tor � = 1:50�

0:03 whi
h 
orre
ts for the di�eren
e between the di�erential 
ross se
tion

at y = 0 and the visible 
ross se
tion, whi
h is an average of the interval
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J/ψ
 total cross section

A

σ
(
p

A
→


 J
/ψ


 X
) 

(µ

b/

n
u
c
le

u
s
)

Figure 5. The total J= 
ross se
tion on nu
lear targets C, Ti and W. The error

bars indi
ate the statisti
al and systemati
 un
ertainties 1 - 3 explained in Se
. 6.2.

The line shows the result of the �t des
ribed in the text using � = 0:96.

�1:25 < y < +0:35 with �y = 1:6

d�

J= 

pN

dy

�

�

�

�

�

�

y=0

=

��

J= 

pN

�y

� � = 392 � 44 � 27 nb=nu
leon:

7 Comparison with other results

Comparing our results to the measurements of previous experiments in proton-

indu
ed intera
tions requires 
orre
ting all results for the same bran
hing fra
-

tions and A-dependen
e. All results shown in Fig. 6 are updated for the latest

values of the bran
hing fra
tions quoted in Se
. 6 and a target mass depen-

den
e assuming � = 0:96�0:01. The systemati
 un
ertainties are re
al
ulated

a

ordingly.

It is obvious that the experimental results are far from being 
onsistent. Cross

se
tions measured at nearby beam energies are not 
ompatible when taking

into a

ount just the errors quoted by the experiments. Also shown on the

�gure is a �t to the published data on proton-indu
ed J= and  (2S) produ
-

tion in the 
ontext of a next-to-leading order NRQCD 
al
ulation [50℄. Several

�ts are performed with di�erent subsets of measurements and di�erent parton

distribution fun
tions (PDF). The best des
ription of the data is obtained

with the PDF MRST2002 [51℄.

At

p

s =41.6 GeV, the �t gives a 
ross se
tion of

�

J= 

average

= 502 � 44 nb=nu
leon

15



J/ψ
 cross section dσ
/dy|
y=0

√
s (GeV)

d
σ
/

d
y
| y

=
0
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N
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o
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√
s (GeV)
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N
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/ψ

 X
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u

c
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o
n

)

Figure 6. J= produ
tion 
ross se
tions in proton-indu
ed intera
tions [22-24,

30-47℄. pp and pA measurements are indi
ated by di�erent symbols. a) Di�eren-

tial 
ross se
tion d�

pN

=dy at y=0; b) total 
ross se
tion �

pN

together with the �t

des
ribed in the text.

whi
h is in reasonable agreement with the result presented here. The error

takes into a

ount both �t un
ertainties as well as systemati
s due to the

parton distribution fun
tion. Details of the pro
edure together with tables of

all experimental input used are the subje
t of a separate paper [52℄.
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8 Summary

A data sample taken with a minimumbias trigger by the HERA-B experiment

in intera
tions of 920 GeV/
 protons with 
arbon, titanium and tungsten tar-

gets has been used to determine the produ
tion 
ross se
tion of J= mesons.

In our data sample we �nd 100 � 12 J= ! �

+

�

�

and 57 � 13 J= ! e

+

e

�


andidates. After 
orre
ting for the eÆ
ien
y of the sele
tion 
riteria within

the range in rapidity of �1:25 < y < +0:35 and 
ombining both �nal states,

we obtain the visible 
ross se
tions per nu
leus within the dete
tor a

eptan
e.

Using �

J= 

pA

= �

J= 

pN

�A

0:96�0:01

to parameterize the A-dependen
e, and extrapo-

lating this measurement to the full y range, the total produ
tion 
ross se
tion

per nu
leon is

�

J= 

pN

= 663 � 74 � 46 nb=nu
leon:

For the 
ross se
tion at mid-rapidity we obtain

d�

J= 

pN

dy

�

�

�

�

�

�

y=0

= 392 � 44 � 27 nb=nu
leon:

An NRQCD based �t of published results on J= and  (2S) produ
tion pre-

di
ts �

J= 

average

= 502 � 44 nb=nu
leon at 920 GeV/
, in reasonable agreement

with this measurement.
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