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Energy and Rapidity Dependence of Beauty Production at Tevatron

MARC M. BAARMAND a
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The CDF and D� experiments have measured b�b production in p�p interactions at
p
s = 1800 GeV and 630

GeV (the energy at which the previous measurement was performed by the UA1 experiment). The Tevatron
measurements are used to evaluate, for the �rst time, the center-of-mass energy and rapidity dependence of b-

quark production cross section measured with the same detectors. Preliminary results from these measurements

are presented and compared with the next-to-leading order QCD predictions.
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1. Introduction

The study of b-quark production in high en-

ergy hadronic interactions plays a crucial role in

testing the perturbative quantum chromodynam-

ics (QCD) description of heavy quark produc-

tion [1,2]. The cross section for b-quark produc-

tion in p�p collisions has been measured by the

CDF and D� collaborations at
p
s = 1800 GeV

using various processes [3,4]. These results agree

in the shape of the pbT distribution with the next-

to-leading order (NLO) QCD predictions but are

generally higher than the central values of pre-

dictions. The disagreement is particularly large

in the forward rapidity region (2:4 <j y� j< 3:2),

where measurements were recently made by D�

for the �rst time.

At the end of 1995, the Tevatron was operating

at a center-of-mass energy of 630 GeV, the energy

at which the b-quark cross section was previously

measured by the UA1 experiment [5]. These data

o�er a unique opportunity to measure the b-quark

production cross section at two di�erent energies

using the same apparatus and to compare their

ratio with the NLO QCD predictions. From a

theoretical point of view, this ratio is less sen-

sitive to the speci�c choice of the parameters in

theory than the individual cross sections. From

the experimental point of view, most of the sys-

tematic uncertainties a�ecting the cross section

measurements should cancel in the ratio.

2. b-Quark Cross Sections at 630 and

1800 GeV

The D� analysis of the
p
s = 630 GeV data

is based on single-muon events (the details of the

1800 GeV analysis can be found in [3]). Using

342�41 nb�1 of data recorded with a 2-level sin-

gle muon trigger in the central part of the detec-

tor, events containing a muon candidate with a

pseudorapidity within �0:8 and a transverse mo-

mentum 4 < p
�
T < 10 GeV/c are retained for fur-

ther analysis. The muon scintillators are used to

reduce the cosmic rays background. The fraction

of remaining cosmic rays, fbgd, exhibits a strong

dependence with p
�
T : it is less than 5% for p

�
T

< 5 GeV/c but becomes larger than 80% when

p
�
T > 10 GeV/c.

The inclusive muon cross section is obtained by

the relation:

d��

dp
�
T

=
N� � (1� fbgd)R

Ldt � ��
� funfold ; (1)

where N� is the number of selected muons,
R
Ldt

is the integrated luminosity and funfold is a correc-

tion factor that accounts for the smearing due to

the muon momentum resolution. The muon de-

tection e�ciency, ��, is obtained using events gen-

erated with the ISAJET Monte Carlo [6], simu-

lated with GEANT and reconstructed in the same

way as the real data. This e�ciency, which is

cross-checked when possible with data, is of the

order of 10% with some p
�
T dependence. The rela-
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tive systematic errors on the inclusive muon cross

section are about 16 to 22%.

The muon cross section for inclusive b-quark

decays is extracted as follows:

d�
�
b

dp
�
T

=

 
d��

dp
�
T

�
d�

�

�=K

dp
�
T

!
� fb ; (2)

where
d�

�

�=K

dp
�

T

represents the di�erential cross sec-

tion for pions and kaons decaying in ight into

muons and fb is the fraction of muons from b-

quark decays among b and c quark semileptonic

decays. These two quantities are obtained using

ISAJET.

To extract an inclusive b-quark production

cross section from the experimental muon spec-

trum, the following relation is used:

�b(pbT > pmin
T ) =

1

2
�
�
b (p

�1
T ; p

�2
T )

�bMC

�
�
MC

; (3)

where �
�
b (p

�1
T ; p

�2
T ) is the b-produced muon cross

section integrated over the interval p
�1
T < p

�
T <

p
�2
T , �bMC is the total inclusive b-quark cross sec-

tion for pbT > pmin
T , and �

�
MC is the cross section

for production of b quarks that decay to muons

within the p
�
T interval and with pbT > pmin

T . The

factor 1
2
yields the cross section average for b

and �b production from the measurement of �+

and �� data. The �bMC=�
�
MC conversion factors

are evaluated using the HVQJET Monte Carlo

event generator [7], which is based on MNR [2],

for b�b parton generation, and on ISAJET for

simulation of initial and �nal state gluon radi-

ation, followed by fragmentation and particle de-

cay. They are computed using the MRSA' par-

ton distribution function [8], together with the

parameters �
(5)

MS
= 152 MeV, mb = 4:75 GeV/c2,

� = �0 �
q
m2
b + (pbT )

2 and Br(b ! �) = 0:105.

The systematic uncertainties of the b-quark cross

section vary between 54 to 33 % as a function of

pT .

The CDF experiment has measured the b-quark

production cross section as a function of the beam

energy using events with a common signature at

630 and 1800 GeV [9]. Events containing muons

associated with secondary vertices are selected in

two samples of 0:46 pb�1 and 1:89 pb�1 of data

collected at
p
s = 630 GeV and 1800 GeV, respec-

tively. The muon candidates must have a trans-

verse momentum greater than 6.2 GeV/c. The

invariant mass resulting from the combination of

this muon and the highest-pT track in a cone of

radius R =
p
(��)2 + (��)2 < 1:0 around the

muon direction must be between 1.5 GeV/c2 and

5.3 GeV/c2. This second particle is assigned the

pion mass and must have pT > 1:0 GeV/c. The

two particles are constrained to a common de-

cay vertex and the transverse decay length in the

�-track momentum direction, Lxy, is required to

be between 0.25 and 20 mm. The background

is estimated from the number of events with

Lxy < �0:25 mm. Event yields of 164 � 21 and

5617� 133 are obtained in the low and high en-

ergy samples, respectively. Taking into account

the di�erent acceptance for b events at the two

energies (A630=A1800 = 0:62� 0:04), the ratio of

cross sections is:

�b(pbT > 9:5; j yb j< 1;
p
s = 630 GeV)

�b(pbT > 9:5; j yb j< 1;
p
s = 1800 GeV)

(4)

= 0:193� 0:025 (stat :) � 0:023 (syst :);

where the systematic error is dominated by the

uncertainty in the integrated luminosity at 630

GeV. The b-quark cross section for
p
s = 630 GeV

is determined from this ratio and the cross sec-

tions measured by CDF for
p
s = 1800 GeV in

the channel b! J= X [10], giving

�b(pbT > 9:5; j yb j< 1:5;
p
s = 630 GeV) (5)

= 1:01� 0:12 (stat :)� 0:18 (syst :) �b:

The b-quark production cross sections obtained

by the CDF and D� experiments are shown

in Fig. 1, together with the UA1 results [5].

The NLO QCD prediction, shown by the solid

line, is based on the MNR calculation [2] using

the MRSA' structure function with �
(5)

MS
= 152

MeV, mb = 4:75 GeV/c2 and � = �0. The

dashed curves show the theoretical uncertain-

ties obtained by varying mb between 4.5 and 5

GeV/c2, and � between �0=2 and 2�0. The ratio

of the measured cross sections to the theoretical

expectations is shown in Fig. 2.
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Figure 1. The b-quark production cross sections

measured by CDF, D� and UA1 at 630 GeV com-

pared with the NLO QCD predictions (see text).

The ratio of the cross sections obtained at 630

and 1800 GeV is presented in Fig. 3. The inner

and outer bars show the statistical and the to-

tal errors a�ecting this ratio, respectively. These

results are in agreement with the NLO QCD pre-

dictions, computed in the same way as in Fig. 1.

The total errors on the D� ratios are large be-

cause the ratios are obtained by dividing the ab-

solute cross sections independently measured at

630 GeV and 1800 GeV [3], with the assumption

that only the systematic errors on the integrated

luminosity and the �bMC=�
�
MC conversion factors

are correlated between both measurements. Work

is in progress to reduce these errors.
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Figure 2. The ratio of the measured b-quark pro-

duction cross sections to the NLO QCD predic-

tions.

3. b-Quark Cross Section versus Rapidity

Using the Small Angle Muon Spectrometer

(SAMUS) [11], D� has measured the muon cross

section in the previously unexplored forward ra-

pidity region 2:4 < jy�j < 3:2. The data were

collected at
p
s = 1800 GeV for a total integrated

luminosity of 104nb�1 during the 1994-95 Teva-

tron run. The di�erential muon cross section in

the forward region from b production and decay

is obtained from the inclusive muon cross section,

following the same steps described in Section 2.

The pion and kaon decay spectrum and the frac-

tion of muons from b decays are calculated using

ISAJET. The result is shown in Fig. 4. The NLO

QCD predictions match the shape of the cross

section, but are approximately a factor of four
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Figure 3. Ratio of b-quark production cross sec-

tions at 630 GeV to 1800 GeV.

lower than the data.

The di�erential muon cross section as a func-

tion of rapidity, d�
�
b =djy�j, is obtained by com-

bining the D� forward and central (jy�j < 0:8)

muon cross sections. Figure 5 shows the results

for p
�
T > 5 and 8 GeV/c. The NLO QCD predic-

tions do not match the data; they are a factor of

two lower in the central region (although consis-

tent within errors) and a factor of four lower in

the forward region.

4. Conclusions

We have presented preliminary measurements

of b-quark production cross section in p�p collisions

performed by the D� and CDF experiments at

the Tevatron. The measured cross sections, us-

ing central muons (jy�j < 0:8), agree in the shape

Figure 4. Di�erential muon cross section, per unit

of rapidity, in the forward region from b quark

production and decay as a function of p
�
T . The

inner error bars are statistical and outer are sta-

tistical and systematic added in quadrature. The

solid curve is NLO QCD predictions with dashed

curves representing the theoretical uncertainties.

of the pbT distribution with the NLO QCD cal-

culations but are a factor of two larger than the

central value of the predictions. This trend is ob-

served both at 630 and 1800 GeV, however, the

ratio of the cross sections at these two center-

of-mass energies is compatible with the expecta-

tions. The D� experiment has also measured the

b-produced muon cross section in the forward ra-

pidity region (2:4 < jy�j < 3:2). These mea-

surements, although agree in the pbT shape, are a

factor of four higher than predictions. The mea-

sured cross section as a function of rapidity is not

reproduced by the NLO QCD calculations.
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Figure 5. Di�erential muon cross sections from

b production and decay as a function of jy�j for
p�T > 5 and 8 GeV/c. The solid curve is NLO

QCD prediction with dashed curves representing

the theoretical uncertainties.
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Discussions

S. Bethke, RWTH, Aachen.

In the analysis of b cross section shown, QCD

predictions based on one set of structure functions

were used. Do other sets perhaps provide a better

description of the data?

M. Baarmand

The PDF set MRSA' is used for the �nal results

since this is a recent set that �ts a collection of low

and high energy data. Other sets have also been

used, the cross section is of course sensitive to the

choice of PDF but the changes can not explain the

discrepancies of a factor of two or four!

S. Bethke, RWTH, Aachen.

In the same analysis, 4:75 GeV/c2 was used for

the b mass. Shouldn't one use the smaller running

b mass of about 3 GeV/c2 instead, which will in-

crease the theoretical b cross section?

M. Baarmand

In light of the new LEP measurements of run-

ning b mass presented here in this conference, yes

we should perhaps consider a b mass of about 3

GeV/c2, or slightly more since most of the b pro-

duction is at lower energies than LEP. I suspect

most of the increase in the cross section would be

in the low pbT region, where the mass e�ect is sig-

ni�cant. Our results probably would not change

much - we should check.


