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Abstrat

The proton-nuleon ross setion ratio R = Br(�! l

+

l

�

) � d�(�)=dyj

y=0

= �(J= )

has been measured with the HERA-B spetrometer in �xed-target proton-nuleus

ollisions at 920 GeV proton beam energy orresponding to a proton-nuleon ms

energy of

p

s = 41:6 GeV. The ombined results for the deay hannels � ! e

+

e

�

and �! �

+

�

�

yield a ratio R = (9:0�2:1) �10

�6

. The orresponding � prodution

ross setion per nuleon at mid-rapidity (y = 0) has been determined to be Br(�!

l

+

l

�

) � d�(�)=dyj

y=0

= 4:5� 1:1 pb/nuleon.

Key words:

� mesons, ross setion, proton-nuleus ollisions,

p

s = 41:6 GeV

PACS: 13.20.Gd, 13.85.Qk, 14.40.Gx, 24.85.+p
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1 Introdution

In reent years, there has been a rapid development of models desribing

quarkonium, espeially harmonium, prodution, with great suess both in

the high- and low-energy range (see e.g. review [1,2℄ and referenes therein).

These developments are driven by the available measurements of harmonium

prodution, and the impliation of a possible suppression of harmonium pro-

dution as an indiator for a Quark-Gluon Plasma (QGP) [3,4℄. Bottomonium

prodution represents a natural �eld for testing the preditions of these mod-

els [1℄. Measurements of the � prodution ross setion

1

have been performed

by many experiments [5℄{[18℄ in the wide range of the proton-nuleon entre-

of-mass (ms) energy

p

s of 19 to 1800 GeV, and with targets ranging from

proton (A = 1) to platinum (A = 195) with both proton and antiproton

beams.

Usually, the result of bottomonium prodution measurements is presented as

the produt of the di�erential ross setion at mid-rapidity d�(�)=dyj

y=0

times

branhing ratio [1℄. However, the aeptane of most of the �xed-target ex-

periments whih have so far measured bottomonium prodution, is not in the

region of entral ollisions, y = 0, so that systemati e�ets in determining the

total ross setion an be substantial. More spei�ally, preisely in the en-

ergy region of HERA-B, the available results [10,12℄ disagree by about a fator

of two (see Table 1

2

) whih annot be explained by a large nulear suppres-

sion [19℄. HERA-B overs the region of mid-rapidity, implying less unertainty

in the determination of the total ross setion, and an thus ontribute to the

knowledge of � prodution, despite its rather small sample size. Furthermore,

both �! �

+

�

�

and �! e

+

e

�

deay hannels are measured simultaneously,

providing an additional statistially independent ross hek.

2 Measurement method

We determine the � prodution ross setion by omparing the relative yields

of � and J= prodution, and normalizing to the known J= ross setion:

1

Throughout this paper we refer to the sum of �(1S) + �(2S) + �(3S) ross

setions as the � ross setion.

2

Both papers [10,12℄ quote the di�erential ross setion in terms of the Feynman

saling variable x

F

whih we transform to rapidity y. The two quantities are related

via d�(�)=dx

F

j

x

F

=0

= F (

p

s) � d�(�)=dyj

y=0

, where F (

p

s) is a oeÆient whih

depends on the (measured) transverse momentum distribution of the produed �

mesons. Its numerial value is 1:98� 0:03 and 2:12� 0:03 for

p

s = 38:8 GeV and

p

s = 41:6 GeV, respetively.
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Table 1

Summary of the available measurements of the � prodution ross setion in pA

ollisions near

p

s = 41.6 GeV. The published result of [12℄ refers to the prodution

of �(1S) only and has been resaled using Eq. (4) to also inlude �(2S) and �(3S).

In the ase of E771 [13℄, the published value has been orreted to inlude the �(3S)

state and the oeÆient �y

e�

(see Set. 4.4). Overall normalization unertainties of

15% (Ref. [10℄) and 10% (Ref. [12℄) have been inluded.

p

s, Br(�! l

+

l

�

) � d�(�)=dyj

y=0

, Tar- Expe-

GeV pb/nuleon get riment

38.8 2:11� 0:33 Cu E605 [10℄

38.8 2:31� 0:38 Be E605 [11℄

38.8 4:7� 0:5 D E772 [12℄

38.8 7:7� 3:2 Si E771 [13℄

Br(�! l

+

l

�

) �

d�

dy

(�)

�

�

�

y=0

= Br(J= ! l

+

l

�

) � �(J= ) �

N(�)

N(J= )

"(J= )

"(�)

1

�y

e�

(1)

and in addition, we de�ne the ratio of the mid-rapidity � ross setion to the

total J= ross setion as

R

J= 

�

Br(�! l

+

l

�

) � d�(�)=dyj

y=0

�(J= )

: (2)

Here, �(J= ) is the J= prodution ross setion, and N(�) and N(J= ) are

the numbers of observed � and J= deays, respetively. The branhing ratio

J= ! l

+

l

�

is taken as the average of the most reent values for J= ! e

+

e

�

and J= ! �

+

�

�

[20℄, "(J= )="(�) is the ratio of J= and � trigger and re-

onstrution eÆienies determined fromMonte Carlo simulations, and �y

e�

is

the oeÆient relating the full and di�erential � ross setion at mid-rapidity

y = 0: �(�) = �y

e�

d�(�)=dyj

y=0

(see Set. 4.4). In this way the result is in-

dependent of the luminosity determination, and systemati unertainties due

to absolute trigger eÆienies anel out to a large extent, sine only relative

eÆienies between � and J= and relative aeptanes enter the �nal result.

For �(J= ) at

p

s = 41:6 GeV we use the value

�

pN

(J= ) = 502 � 44

nb

nuleon

(3)
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obtained from a global �t [21℄ of J= prodution data

3

, after adjusting the

data using a ommon nulear suppression parameter � = 0:96�0:01 [19℄ and

the latest value of branhing ratio Br(J= ! l

+

l

�

) [20℄. Eq. (1) assumes the

same numerial values of � parameters for � and J= prodution in aor-

dane with the experimental data [19,23℄.

3 The HERA-B detetor and the data sample

HERA-B is a �xed-target experiment at the 920-GeV HERA proton storage

ring of DESY and onsists of a forward magneti spetrometer featuring a

high resolution vertexing and traking system and o�ering a good overage

of the entral region of ollisions (the x

F

range is about [�0:6; 0:15℄ for �

prodution and about [�0:35; 0:15℄ for J= prodution, orresponding to the

rapidity ranges about [�1:2; 0:3℄ and [�1:5; 0:5℄, respetively).

The main omponents of the detetor are skethed in Fig. 1. The target on-

sists of wires of various materials whih are inserted into the halo of the HERA

proton beam. Data are taken with arbon, tungsten and titanium target wires

operated at an interation rate between 5 and 8 MHz. The Vertex Dete-

tor System (VDS) onsists of silion miro-strip detetors loated within the

vauum vessel of the target. The �rst station of the main traker is plaed

upstream of the 2.13 T�m dipole magnet and the remaining 6 traking sta-

tions are plaed downstream. Muon identi�ation is performed by the muon

detetor (MUON), while the eletrons are deteted and identi�ed by the ele-

tromagneti alorimeter (ECAL).

The trigger hain inludes pretriggers provided by ECAL and MUON for the

lepton andidate searh, and a �rst level trigger (FLT) whih �nds traks

downstream of the magnet starting from the pretrigger seeds. The FLT re-

quires that at least two pretrigger andidates be present in an event and that

an FLT trak be found from at least one of them. The (software) seond level

trigger (SLT) starts from pretrigger andidate traks, on�rms them in the

traker and VDS using a simpli�ed Kalman �lter algorithm, and aepts the

event if either two eletron or two muon andidates with a ommon vertex are

found. The trigger imposes a ut on the transverse energy E

T

of the eletrons,

and an impliit ut on the transverse momentum p

T

of the muons. A more

detailed desription of the HERA-B detetor, trigger and reonstrution hain

an be found in Refs. [24,25℄, and referenes therein. This analysis is based on

3

The global �t inludes our own measurement of the J= ross setion 663� 74�

46 nb=nuleon [22℄. We prefer to normalize the present measurement to the value

given by the global �t sine the �t provides a omplete summary of all available

measurements.

6
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Fig. 1. Plan view of the HERA-B detetor.

134 � 10

6

events obtained in the 2002{2003 physis run.

4 Data analysis

4.1 Monte Carlo simulation, trigger and reonstrution eÆieny

Monte Carlo simulation is performed for J= , � and Drell-Yan prodution.

Heavy quarkonia and Drell-Yan prodution are simulated with PYTHIA 5.7

[26℄. The energy remaining after the quarkonium or Drell-Yan generation is

passed to FRITIOF 7.02 [27℄ to simulate the underlying pA interation. Fi-

nally, additional inelasti pA interations, generated by FRITIOF, are super-

imposed aording to the multiple-interation probabilities of �ve separate

running periods. After traking the partiles through the detetor material

with GEANT 3.21 [28℄ and a realisti digitization simulation, the event is

reonstruted by the same reonstrution program whih is used for the real

events. The trigger and the detetor parameters are tuned for the individual

data taking periods. To have a realisti desription of the kinemati distribu-

tions for J= and �, the PYTHIA generation has been tuned by reweight-

ing aording to the di�erential distributions from the high-statistis data of

Refs. [10,12,29,30℄. The relative trigger and reonstrution eÆienies are de-

termined from Monte Carlo simulations. For the muon hannel, the ratio of

eÆienies is "(J= )="(�) = 0:76� 0:05. The departure from unity is a result

of the trigger p

T

ut whih a�ets muons from J= deay more strongly than

muons from � deay due to the di�erent mass sale. Beause of a harder ut

on E

T

at the trigger level, the di�erene is even larger in the eletron hannel:

7



"(J= )="(�) = 0:31 � 0:03.

4.2 Event seletion

The event seletion inludes uts on the quality of traks, most notably, that

the traks must have segments in both the VDS and the main traker and

that \lones" (nearby reonstruted traks originating from the same real

physial trak) be removed. Further requirements are that either two muon

or two eletron andidates of opposite harge and with a ommon vertex are

present. Muon andidates are required to penetrate to the muon detetor layers

behind the absorber material. Eletrons are identi�ed by requiring an energy

deposit (luster) in the ECAL. Bremsstrahlung photons emitted by eletrons

in front of the magnet are reovered for better energy resolution and additional

eletron identi�ation [25℄. The transverse energy E

T

at ECAL must exeed

0.95 GeV, and the ratio between the energy as measured by the ECAL and

the momentum must be lose to unity (0:85 < E=p < 1:25 and, in addition,

E=p > 0:9 when no bremsstrahlung photon is found).

To suppress bakground from seondaries produed in the beam pipe whih

reah the muon hambers, we impose uts on the muon transverse momentum,

p

T

, whih are linear funtions of the mass with ut ranges: p

T

2 [3; 6℄ GeV=

for the invariant mass m = m

�

, p

T

2 [0:7; 4℄ GeV= for m = m

J= 

and

uts on the muon total momentum p: p 2 [15; 190℄ GeV= for m = m

�

,

p 2 [4; 100℄ GeV= for m = m

J= 

; for intermediate dilepton masses a lin-

ear interpolation of the ut limits is used. For eletrons whih do not suf-

fer from a similar bakground, the ut for the eletron total momentum is

p 2 [4; 190℄ GeV= and for the transverse momentum p

T

2 [0:7; 6℄ GeV=.

After applying these uts, the lepton momentum spetra for the mixture of

signal and all bakground soures are similar in the data and Monte Carlo.

4.3 Desription of signal and bakground

4.3.1 Muon hannel

The dimuon mass spetrum in the J= mass region (Fig. 2) is �tted with a

Gaussian folded with ontributions from J= ! �

+

�

�

 [31℄ for the signal

shape, and an exponential of a seond-order polynomial for the bakground.

For the ombined sample of the three target materials (64% C, 33% W, 3% Ti)

we obtain a total of 152900�490 J= deays and a width of 38:8�0:1 MeV/

2

.

For the mass regionm > 5 GeV/

2

(Fig. 3) we use a similar funtion to desribe

the � peaks to that used for the desription of the J= . Due to the lak of

8
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µ+µ− invariant mass, GeV/c

Fig. 2. Fit of the dimuon mass spetrum obtained after J= seletion uts.

statistis, the positions of the �(2S) and �(3S) states are �xed relative to the

�(1S) state using the PDG mass values [20℄, and the relative ontributions of

the three states are �xed aording to the E605 results [10℄:

N(1S) : N(2S) : N(3S) = (70 � 3) : (20 � 2) : (10 � 1): (4)

The width of the �(1S) state is �xed to the width of the J= saled by the

ratio of the expeted momentum resolution for muons from � and J= deays

resulting in 159 MeV/

2

. The widths of the �(2S) and �(3S) states are saled

proportionally to their masses.

In this mass region, the Drell-Yan proess as well as random ombinations be-

tween leptons ontribute to the bakground. As before, we desribe the om-

binatorial bakground by an exponential of a seond-order polynomial, whose

shape is determined from a �t to the like-sign �

�

�

�

pair spetrum (Fig. 4),

and a normalization fator whih is left as a free parameter. The shape of

the Drell-Yan spetrum is determined from a �t to the orresponding reon-

struted Monte Carlo events.

Thus, the free �t parameters for the spetrum with m > 5 GeV/

2

(Fig. 3)

are: the total � yield, the �(1S) mass, the yield of Drell-Yan dileptons, and

the height of the ombinatorial bakground. The total � yield in the log

likelihood �t is N(�) = 30:8� 7:4

stat

. The �t funtion desribes the data well

(�

2

=ndf = 51=54). Using this value in Eq. (1) we obtain R

��

J= 

= (7:9�1:9

stat

) �

10

�6

, and using the value of the J= ross setion Eq. (3), the ross setion

for � prodution at mid-rapidity as determined from � ! �

+

�

�

beomes

Br(�! �

+

�

�

) � d�(�)=dyj

y=0

= 4:0� 1:0

stat

pb=nuleon.

9



Υ Υ´Υ´´

10
-1

1

10

10
2

5 6 7 8 9 10 11 12

E
nt

ri
es

pe
r

10
0

M
eV

/c


µ+µ− invariant mass, GeV/c
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signal (thik line) with the individual ontributions of

the �(1S), �(2S), �(3S) states shown in thin solid lines. The bakground onsists

of Drell-Yan pairs (dashed line) and ombinatorial ontribution estimated from the
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spetrum (dotted line).
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Fig. 4. Spetrum of like-sign �
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�

pairs, together with a �t to an exponential of a

seond-order polynomial.

The �t (Fig. 3) shows that the ombinatorial bakground dominates below

7 GeV/

2

but beomes negligible at the � mass. We have veri�ed that the

generated shape of the Drell-Yan bakground in Monte Carlo simulations

agrees with the published data [10,12,32℄. Further support for the orretness

of the bakground urves in Fig. 3 omes from studying a number of sensitive

kinemati variables (suh as the average momentum asymmetry between the

10



muons). The observed values are ompatible with the mixture of signal and

bakground ontributions obtained from the �t to the mass spetrum.

The �t also provides a measurement of the Drell-Yan (DY) di�erential ross

setion d

2

�=(dmdy)j

y=0

in the region of the � mass, or equivalently the ratio

R

DY

[9,10,11℄ of the � prodution to the Drell-Yan ross setions

R

DY

= Br(�! l

+

l

�

) �

d�

dy

(�)

�

�

�

y=0

.

d

2

�

dmdy

(DY)

�

�

�

y = 0

m=9:46

:

Similarly to Eq. (1) we determine for the Drell-Yan ross setion:

d

2

�

dmdy

(DY)j

y = 0

m=9:46

= 2:0 � 0:5 pb=(nuleon �GeV/

2

) and R

��

DY

= 2:0 �

0:8 GeV/

2

where statistial and systemati unertainties have been ombined.

To ompare these results with the published data of the Fermilab �xed-target

experiments [10,11,12,32℄ at

p

s = 38:8 GeV, we sale the Drell-Yan pro-

dution ross setion with the variable � = m

2

=s leading to a fator of

1:28 � 0:03

4

, and the � ross setion by a fator 1.32 (obtained from the

�t to the � data, see Set. 5). The results, saled to

p

s = 38:8 GeV, then be-

ome:

d

2

�

dmdy

(DY)

�

�

�

p

s=38:8

y = 0

m=9:46

= 1:5� 0:4 pb=(nuleon �GeV/

2

) and R

��

DY

j

p

s=38:8

=

2:0 � 0:8 GeV/

2

, whih agrees within the unertainties with the �ts of the

data from the Fermilab experiments: R

DY

between 1.3 and 1.6 GeV/

2

[10,11℄

and

d

2

�

dmdy

(DY)j

y = 0

m=9:46

= 1:4 � 0:3 pb=(nuleon �GeV/

2

) [10,12,32℄.

4.3.2 Eletron hannel

The analysis of dieletron events generally follows the path desribed for

dimuon events. Before �tting, the momentum vetors of the leptons are or-

reted by adding in the energy of bremsstrahlung photons emitted in the

material before the magnet and reonstruted in the alorimeter. The �t

funtion takes into aount resolution e�ets as well as a tail due to non-

reovered bremsstrahlung and �nal state radiation [25,31℄. The �t yields

N(J= ) = 109710 � 930 and a width of 59:9 � 0:8 MeV/

2

for the ombined

sample of the three target materials (62% C, 32% W, and 6% Ti).

The log likelihood �t of the mass region m > 5 GeV/

2

(Fig. 6), for whih

the free parameters are the position of the �(1S) peak, the ontributions of

the � signal, of Drell-Yan, and of the ombinatorial bakground, results in

75 � 14

stat

� events with �

2

=ndf = 19=27. This leads to a ross setion ratio

R

ee

J= 

= (11:0�2:1

stat

)�10

�6

, and a mid-rapidity ross setion for � prodution

of Br(�! e

+

e

�

) � d�(�)=dyj

y=0

= 5:5� 1:0

stat

pb=nuleon.

4

This number agrees well with the theoretial predition [33℄ of about 1.275 for

the mass region 8 < m < 11 GeV/

2

.

11
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Fig. 5. Fit of the dieletron mass spetrum obtained after J= seletion uts.
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Fig. 6. Fit of the �! e
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e

�

signal (thik line) with the individual ontributions of

the �(1S), �(2S), �(3S) states shown in thin solid lines. The bakground onsists

of Drell-Yan (dashed line) and ombinatorial ontributions (dotted line).

As for the muon hannel, the various energy-dependent kinemati distribu-

tions of the eletron pairs behave as expeted from the relative ontributions

of the di�erent proesses. The imposition of an E

T

requirement for eletrons

in the trigger severely suppresses triggers from like-sign leptons, beause of the

additional p

T

-bias of the magnet. The resulting like-sign eletron mass spe-

trum therefore does not desribe the ombinatorial bakground and is not used

in this analysis. Instead, the ombinatorial bakground is evaluated by mix-

ing traks from di�erent events. For masses greater than about 6 GeV/

2

, the

12



ombinatorial bakground is less than the Drell-Yan ontribution and beomes

negligible for masses above 9 GeV/

2

.

The Drell-Yan ontribution at m = 9:46 GeV/

2

is

d

2

�

dmdy

(DY)

�

�

�

y = 0

m=9:46

=

3:7 � 1:0 pb=(nuleon �GeV/

2

) leading to R

ee

DY

= 1:5 � 0:7 GeV/

2

. Sal-

ing these results to

p

s = 38:8 GeV we obtain

d

2

�

dmdy

(DY)

�

�

�

y = 0

m=9:46

= 2:9 �

0:8 pb=(nuleon �GeV/

2

), and R

ee

DY

j

p

s=38:8

= 1:4 � 0:6 GeV/

2

. The Drell-

Yan ross setion measurements for the eletron and muon ases di�er by a

fator of 1.9, orresponding to 1.6 standard deviations; the ratio R

ee

DY

agrees

with the muon ase and with Fermilab measurements.

4.4 Systemati unertainties

The systemati unertainties are dominated by the unertainties in the de-

sription of the bakground whih ontribute 14% for muons and 17% (in-

luding unertainties in the bremsstrahlung tail) for eletrons, respetively.

The unertainties of the relative J= and � eÆienies are estimated to be

7% for muons and 9% for eletrons. The systemati unertainty of the J= 

referene ross setion Eq. (1) is 9%. The parameter �y

e�

(

p

s) = 1:14�0:12

syst

(preision of 11%) at

p

s = 41:6 GeV is determined from the �ts of existing

measurements for x

F

and p

T

distributions for � mesons [10,12℄.

Other systemati unertainties are small ompared with those already men-

tioned. Among them are the use of a Gaussian funtion with a �xed width

for �tting of the � peaks (< 4%), unertainties of the frations of the various

� states in Eq.(4) (< 0:1%), the polarization e�ets in J= and � produ-

tion (< 1:8%), and the branhing ratio J= ! l

+

l

�

(< 1:7%). When, in

the eletron hannel, the partile identi�ation requirements are strengthened

by requiring either that one of the two lepton andidates have an assoiated

bremsstrahlung luster in the alorimeter, or that both have assoiated lus-

ters, the results hange by less than 4%. The results are stable within the

statistial unertainty for a wide variation of the uts for muon or eletron

identi�ation. All ontributions, added in quadrature, result in a systemati

unertainty of 21% in the ase of muons, and 25% in the ase of eletrons.

5 Combined results

Table 2 summarizes all results obtained in the previous setions. One an see

that the results in the muon and eletron hannels are ompatible. Combining

13



Table 2

Summary of the input values and the resulting ross setions for both muon and

eletron hannels.

Parameter �

+

�

�

hannel e

+

e

�

hannel

N(�) 30:8� 7:4 75� 14

N(J= ) 152900� 490 109710� 930

"(J= )="(�) 0:76� 0:05 0:31� 0:03

�

pN

(J= ) 502� 44

(nb/nuleon)

Br(J= ! l

+

l

�

) (5:90� 0:10)%

�y

e�

1:14� 0:12

syst

R

J= 

(units of 10

�6

) 7:9� 1:9

stat

� 1:5

syst

11:0� 2:1

stat

� 2:5

syst

Br(�! l

+

l

�

) �

d�

dy

(�) j

y=0

4:0� 1:0

stat

� 0:8

syst

5:5� 1:0

stat

� 1:4

syst

(pb/nuleon)

d

2

�(DY)

dmdy

2:0� 0:5 3:7� 1:0

(pb=nuleon �GeV=

2

)

R

DY

2:0� 0:8 1:5� 0:7

the muon and eletron hannels, we have

R

J= 

= (9:0� 2:1) � 10

�6

and, using the J= referene ross setion Eq. (3), we obtain (Fig. 7)

Br(�! l

+

l

�

) �

d�

dy

(�)

�

�

�

y=0

= 4:5� 1:1

pb

nuleon

(5)

where the error inludes both statistial and systemati ontributions. The

systemati unertainties in the muon and eletron hannel have a ommon

part of 14% ompared to the full values of 21% and 25%, respetively, the

dominant ontributions being due to the unertainties of �y

e�

and the J= 

referene ross setion Eq. (3). After taking this into aount, the �

2

of the

ombined result is �

2

= 0:6.

If, instead of normalizing to the J= ross setion, we use the yield

and eÆieny ratio between � and Drell-Yan prodution together with

the DY ross setion at

p

s = 38:8 GeV of

d

2

�

dy dm

(DY)j

y=0

= (1:35 �

0:27) pb=(nuleon �GeV=

2

) [10℄, saled by the fator 1:28 � 0:03 to
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Fig. 7. This result (HERA-B) ompared to the �t (solid urve) of the data of pre-

vious experiments [5℄{[16℄ up to

p

s = 63 GeV. The NLO theoretial urves (see

desription in the text), shown as a dashed line, di�er by less than the width of the

line.

p

s = 41:6 GeV, we obtain for the � prodution ross setion:

Br(�! l

+

l

�

) �

d�

dy

(�)

�

�

�

y=0

= 2:9 � 1:1

pb

nuleon

with a �

2

of 0.3. However, the

published data on the DY proess are less abundant than those for the J= 

ross setion and are less preise due to limited statistis and diÆulties in

separating the � signal from the DY ontinuum.

We therefore take the value obtained by normalization to the DY ross setion

as a on�rmation of our main result Eq. (5), whih is obtained by normalization

to the J= ross setion. Saling this result by a fator of 1.32 (obtained from

the �t desribed below) to ompare it to the published data at

p

s = 38:8 GeV,

we obtain: Br(� ! l

+

l

�

) �

d�

dy

(�)j

p

s=38:8

y=0

= 3:4 � 0:8 pb=nuleon: Our result

lies half-way between the results of E605 [10,11℄ and E772 [12℄ and does not

favour one of these results over the other. In Fig. 7 we ompare the result

Eq. (5) with the measurements of previous experiments. In most ases, the

unertainties are large with the exeption of four measurements obtained at

Fermilab at ms energy

p

s = 38:8 GeV, whih are also those losest in energy

to HERA-B (

p

s = 41:6 GeV). However, these values are in poor agreement

with eah other, as summarized in Table 1.

The �t of all experiments in Fig. 7 (solid line) uses the Craigie parameterization

[34℄ f(

p

s) = �

0

exp (�m

0

=

p

s), yielding �

0

= 182 � 21 pb/nuleon, m

0

=

167�4 GeV, �

2

=ndf = 37=14. The dotted line in Fig. 7 shows �ts to preditions

of next-to-leading order (NLO) alulations from Ref. [35℄ in the framework of

the olour evaporation model (CEM) using the MRST HO parton distribution
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funtions [36℄. The thikness of the line orresponds to the variations of results

in the three sets of input parameters of the model whih desribe the open

beauty prodution data [35℄: m

b

= � = 4:75 GeV/

2

; m

b

= 4:5 GeV/

2

,

� = 2m

b

; and m

b

= 5 GeV/

2

, � = m

b

=2, where m

b

is the b-quark mass and �

is the renormalization sale (assumed to be equal to the fatorization sale).

The NLO preditions are normalized aording to a �t of the experimental

data using the mentioned values of the parameters m

b

and � [35℄.

6 Conlusion

The � prodution yield at mid-rapidity in pA ollisions at a proton momentum

p = 920 GeV/ has been measured in both hannels � ! �

+

�

�

and � !

e

+

e

�

. The J= ross setion (3) has been used for normalization, and the ratio

of � and J= ross setions Eq. (2) is determined to be

R

J= 

= (9:0� 2:1) � 10

�6

:

The resulting � prodution ross setion (both lepton hannels ombined) is

Br(�! l

+

l

�

) �

d�

dy

(�)

�

�

�

y=0

= 4:5� 1:1

pb

nuleon

:

Our result, saled for

p

s dependene, lies half-way between those of E605

[10,11℄ and E772 [12℄. Normalization with respet to the Drell-Yan proess

on�rms this result. The result agrees within 1.4 standard deviations with

urrent CEM NLO preditions [35℄ (see Fig. 7).
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