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Two measurements of the visible ross setion for open b prodution at HERA are reported. In the �rst

analysis, events with jets ontaining muons are used to obtain a sample enrihed in b events. In the seond

analysis, events with pairs of like-sign muons are studied. Both measurements suggest that the visible b ross

setion is signi�antly larger than that predited by leading order QCD,

1. Introdution

The study of heavy quark prodution is an im-

portant aspet of the program of researh into

QCD and proton struture at HERA. The heavy

quark masses provide a natural ut-o� preventing

infrared divergenes in perturbative alulations.

At leading order,the prodution mehanism is al-

most exlusively boson-gluon fusion (

(�)

g ! q�q),

suh that heavy quark prodution is sensitive to

the gluon distribution of the proton.

Open harm ross setions have already been

measured at HERA [1℄. The ross setion for

open beauty prodution is expeted to be ap-

proximately two orders of magnitude smaller than

that for open harm prodution. Next to leading

order QCD preditions for the total b ross se-

tion vary between 4.7 nb and 10 nb [2℄, depending

on the assumptions on the b quark mass m

b

and

the proton parton distributions. The leading or-

der Monte Carlo generator, AROMA [3℄ predits

the smaller value of 3.8 nb for m

b

= 4:75 GeV

with the MRS(G) parton distributions.

The large luminosities provided by HERA in

reent years have allowed the �rst measurements

of open b prodution ross setions. Two suh

measurements are desribed here, based on data

taken by the H1 experiment in 1995-6 orrespond-

ing to a luminosity of 8:3 pb

�1

. In order to max-

imise statistis, data are used in whih the �nal

state eletron is not observed in the main ele-

tromagneti alorimeters. This implies that the

angle through whih the eletron is sattered is

�
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less than 2:2

Æ

and Q

2

< 1 GeV

2

. The Jaquet-

Blondel method [4℄ is used to reonstrut y.

Both measurements require the identi�ation

of muons in the instrumented iron return yolk of

the H1 solenoidal magnet. The most hallenging

experimental task is the evaluation of the prob-

ability for misidentifying a hadron as a muon in

this detetor. Setion 2 of this doument ex-

plains the method used to evaluate this misiden-

ti�ation probability. Setions 3 and 4 desribe

the two measurements themselves.

2. Muon Misidenti�ation Bakground

In the instrumented iron detetor, muons an

be faked by hadroni partiles either due to in-

ight deay (�

�

or K

�

! �

�

�

�

) or due to leak-

age from the hadroni alorimeter. The probabil-

ities P

�

h

(p; �) that a hadron h = �;K; p fakes a

muon have been evaluated as a funtion of mo-

mentum (p) and polar angle (�) using large sam-

ples of simulated hadrons, after heking arefully

that the detetor simulation desribes the data

very well. One demonstration that P

�

h

as ex-

trated from simulated data gives a good desrip-

tion of real data is shown in �gure 2. Here, a lean

sample of �

�

traks is obtained from the data by

seleting K

0

s

! �

+

�

�

deays. Those �

�

traks

that are assoiated with reonstruted traks in

the muon detetor are shown as a funtion of p

and �, where � = 0 in the outgoing proton dire-

tion. The distributions of identi�ed fake muons

are ompared to the preditions obtained by on-

voluting the p and � distributions of all �

�

traks

from the K

0

s

sample with P

�

h

as determined us-
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ing the simulation. The agreement between the

number of fake muons obtained in the two ap-

proahes is good. This is also the ase where a

sample of K

�

from the deay � ! K

+

K

�

are

tested in a similar way. The values of P

�

h

(p; �)

obtained from the simulated data do not exeed

0:02 at any value of p or � for any of h = �;K; p.
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Figure 1. Distributions in p and � of misidenti�ed

muons from K

0

s

! �

+

�

�

deays. There are 64

events in the sample as determined diretly from

the data (points). The simulated P

�

h

(p; �) on-

voluted with the distributions from the full K

0

s

sample predits 69.8 events (histograms).

3. Inlusive Muon Measurement

In the �rst analysis method, b quarks are identi-

�ed through their semi-leptoni deay b! ��

�

X .

A sample of events ontaining at least two jets is

obtained, using a one algorithm with one radius

p

(��

2

+ ��

2

) = 1, jet transverse momentum

p

jet

t

> 6 GeV and jet pseudorapidity in the range

j�

jet

lab

j < 2:5. Heavy quark prodution is identi�ed

by requiring that at least one of the jets ontains

a muon with p

�

t

> 2 GeV and 35 < �

�

< 130

Æ

.

Beauty and harm events are separated on the

basis of the transverse momentum p

rel

t

of the �

relative to the thrust axis

2

of the jet. The heav-

ier mass of the b than the  quark implies that

the p

rel

t

distribution is harder for the ase of b

prodution than for .

Figure 3 shows the p

rel

t

distribution of the se-

leted events. To extrat the ontribution from b

quarks, the data are subjeted to a �t with three

terms. The �rst term is the ontribution from

light quark initiated jets in whih a muon is faked

2

The thrust axis maximises the thrust

T =

P

i6=�

jp

z

i

j=

P

i6=�

p

i

of partiles i omprising the jet.

by a hadron. This term is �xed in the �ts and

is determined from the muon misidenti�ation

probabilities, P

�

h

desribed in setion 2. The ra-

tio of � : K : p ontained in the jets is taken from

the JETSET hadronisation model [5℄. The seond

and third terms in the �t are the ontributions

from b quarks (via b! ��

�

X or b! ! ��

�

X)

and from  quarks (via ! ��

�

X). The shapes of

the distributions from these two soures are taken

from the preditions of the AROMA Monte Carlo

model. There is thus only one parameter in the

�t, orresponding to the relative normalisation of

the b and  ontributions.
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Figure 2. The p

rel

t

distribution of events with

two jets, at least one of whih ontains a muon.

The deomposition of the data into , b and bak-

ground ontributions is shown.

The �t results in a b ontribution of 51:4 �

4:4 (stat:)% and a  ontribution of 23:5 �

4:3 (stat:)% with a 23:5% ontribution from

misidenti�ed hadrons. To hek for unontrolled

systemati e�ets, the deomposition of the p

rel

t

distribution extrated from the �t is used to-

gether with the AROMA model of b and  events

to predit the p

t

and � distributions of the muons

and jets used in the analysis. The results are in

very good agreement with the data, as an be

seen from �gure 3.

The numbers of  and b quark initiated events

extrated from the �t to the p

rel

t

distribution are

orreted for detetor and trigger e�ets to ex-
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trat the open harm and beauty ross setions

in the visible region of phase spae de�ned by

the uts on the p

t

and � of the � and jet, with

Q

2

< 1 GeV

2

and 0:1 < y

JB

< 0:8. The

resulting harm ross setion is onsistent with

that extrated diretly in measurements of D

�

mesons [1℄. The visible beauty ross setion is

0:93� 0:08 (stat:)

+0:21

�0:12

(syst:) nb. This is a fa-

tor of around �ve larger the leading order QCD

predition from the AROMA model (0.19 nb).
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Figure 3. Control distributions in muon and jet

p

t

and �. The data (points) are ompared with

the AROMA simulation (histograms) with b, 

and bakground ontributions determined by the

�t to the p

rel

t

distribution.

4. Di-muon Measurement

In the deays of heavy avour quark-antiquark

pairs, there are many ways of produing pairs

of muons of unlike sign. One suh example is

 ! s�

+

�

�

; � ! �s�

�

��

�

. However, in the low

orders of QCD, pairs of muons of the same sign

an only be produed from a b

�

b pair. This an

our for example in the deay hain b! �

�

��

�

;

�

b ! �X ! �s�

�

��

�

X . It an also our due to b

�

b

mixing.

In a seond analysis of open b prodution,

events ontaining pairs of like-sign muons with

p

�

t

> 2 GeV and 35 < �

�

< 130

Æ

are seleted.

Nine suh events are found. The prinipal bak-

ground again arises from the misidenti�ation of

hadrons as muons. This bakground is estimated

to be 3:0 � 0:2 events, using the P

�

h

(p; �) fa-

tors desribed in setion 2. After subtrating

the muon misidenti�ation bakground, the re-

maining signal is orreted to yield a ross se-

tion in the kinemati region de�ned by the p

�

t

and �

�

uts, with Q

2

< 1 GeV

2

and 0:1 <

y

JB

< 0:9. The resulting visible ross setion

is 55 � 30 (stat:) � 7 (syst:) pb, whih again is

larger than the leading order AROMA predition

(17 pb).

5. Conlusions and Outlook

Open b prodution at HERA has been mea-

sured by two omplementary methods. Partiu-

larly in the p

rel

t

measurement, the resulting ross

setions are found to be signi�antly larger than

those predited in leading order of QCD. It re-

mains to be seen whether higher order QCD or-

retions an aount entirely for the disrepany,

though next-to-leading terms inrease the predi-

tions by a fator of around 2. The prospets for

more preise measurements in the future are very

good. Several times more statistis are available

for analysis from 1997 data and beyond. The H1

silion miro-vertex detetors are also now fully

ommissioned. Further inreases in statistis will

be available after HERA is upgraded in 2000-

2001.
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