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Abstract. Using a subset of the current Run Il data, the CDF and D@ have performed several measurements on heavy flavor
production. In this paper, we present a new measurement of prompt charm meson production by CDF. We also report the latest
CDF Il measurements of inclusilg W production and-production without requirement of minimum transverse momentum

on J/W¥ andb-quark. They are the first measurements of the total inclusi4 andb quark cross section in the central
rapidity region at a hadron collider. The resultsJgf¥ cross section as a function of rapidity, abget production cross

section measured by D@ are also reviewed.

INTRODUCTION celerator has delivered about 300ptintegrated lumi-
nosities, both experiments collected more than 200 pb
Measurements of the production cross section of heavphysics quality data. In this paper, we will give a brief
flavor quarks ¢ andb quarks) in thepp collisions pro-  summary of the latest results on heavy flavor production
vide us an opportunity to test the prediction based orfrom Tevatron Run .
the Quantum Chromodynamics (QCD). No only is QCD
one of the four fundamental forces of the nature, but also

many searches of new physics beyond Standard Model PROMPT CHARM MESON

require a good understanding of the QCD background. PRODUCTION CROSS SECTION

The Bottom quark production cross section has been
measured by poth the CDF _anij DQ experiments (14 order to help understanding the discrepancy between
2] at the Fermilab Tevatron ipp collls_lon at/s = measured Runl Bottom quark cross section measure-
1.8TeV, and fou.nd to be about three times Iarger thar}nent and theoretical calculation, one can repeat previ-
the next-to-leadmg order (NLQ) QCD calqulatlon [3, ous measurement with better control of experimental un-
4]. Since then, several theoretical explanation has bee8ertainties. An alternative approach is to examine the

propqsec_j to solve the disagreement, such as the .Iar%aroduction rate of another heavy quark. Charm meson
contributions from the NNLO QCD processes, pOSSIbIeproduction cross sections have not been measureg in

contribution Irodm ”‘?"{. phglcs |£5f] etc. Rte(t:en“%" a collisions and may help to solve this disagreement. For
more accurate description biquark fragmentation has  cpp upgrade, one of the crucial improvement with re-

reduced the Qiscrepancy to afactor 1.7 [6]. Neverthelessspect to the CDF | is the implementation of a Silicon Ver-
further gxpenmental measuremen.ts on the heavy f.la.votrex Trigger (SVT) [9], which allows us to trigger on dis-
production are essentlal' to .ShEd light on the rem""m'ngblaced tracks decayed from long-lived charm and bottom
clouds of this long standing issue. hadrons. With this trigger, large amount of fully recon-

Since the end of Run| (1996), the Tevatron had UNstructed charm meson has been collected, opening a hew

derdone major upgrade. The center of mass energyintl"\fv-ndo for heavv flavor production studies at hadron
pp collision was increased fronys = 1.8 TeV to/s= C(I)Ilidev;/ vy flavor product ud

1.96TeV. The large luminosity enhancement dramati- Using just 58+ 0.3pb ! data, CDF performs a mea-

pally Increases thg d'sco"efy reach anc_i moves the EXPeLLrement of prompt charm meson production cross
imental program into a regime of precision hadron col-

. : . section [10]. The charm mesons are reconstructed in
lider p_hyS|cs. Atthe same time, b_o_th CDF [7] and DO [8]_ the following decay mode®°® — K1, D*+ — DOrr+
experimental collaborations significantly upgraded thelrWith DO — K- 71*, D* — K1t 7tt, Dd — @t with

. . Sl . L] 1 S
detectors to enrich the_physms capabilities, espeC|aInyor¢_)K+K_! and their charge conjugate, as shown in
the heavy flavor physics program. The Tevatron Runl

. X . : Fig. 1. We separate charm directly producedpim in-
data taking period started in April 2002, so far the aC-taraction (prompt charm) from charm decayed frém
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FIGURE 2. The measured differential cross section mea-
FIGURE 1. Charm signals summed over g bins: (@)  surements foly| < 1, shown by the points. The inner bars
invariant mass distribution ob® — K~ 7" candidates; (b) represent the statistical uncertainties; the outer bars are the
mass difference distribution d*+ — DOt candidates; (c) quadratic sums of the statistical and systematic uncertainties.
invariant mass distribution d* — K~ "™ candidates; (d) The solid curves are the theoretical predictions from Cacciari
invariant mass distribution ob* — @m™ and DI — @mr" and Nason [11], with the uncertainties indicated by the shaded
candidates. bands. The dashed curve shown with D&" cross section

is the theoretical prediction from Kniehl [12]; the dotted lines

indicate the uncertainty. No prediction is available yetBgr

mesons (secondary charm) using the impact parameter gfoduction.

the charm candidate with respect to the primary interac-

tion point. Prompt charm meson points to the beamline ) .

and its impact parameter is zero. The secondary chariinderestimat® meson production ay/s = 1.8TeV by

meson candidate does not necessarily point back to theimilar factors [2, 6, 13].

primary vertex, it has a rather wide impact parameter

distribution. The shape of the impact parameter distri-

bution of secondary charm is obtained from a Monte INCLUSIVE J/% PRODUCTION CROSS

Carlo simulation. The detector impact parameter resolu- SECTION

tion is modeled from a sample dﬁg — - decays

that satisfy the same trigger requirement. The promptrhe CDF Il detector has improved the dimuon trigger

charm fraction is measured as a function of charm mesystem with a lower threshold of3GeV/c. This allows

sonp;. Average over alp; bins, (86.6+0.4)% of the  usto trigger the /¥ — u~—u* event with transverse mo-

D% mesons(88.14+1.1)% of D**, (89.1+0.4)% 0of D™,  mentum all the way down tp; (J/¥) = 0GeV/c. Using

and(77.3+3.8)% of D{ are promptly produced (statis- apout 397 pb* data, CDF reconstructed 29988®00

tical uncertainties only). J/W candidates (statistical uncertainty only), as shown
The measured prompt charm meson integrated crosg Fig. 4. A new measurement of the total inclusiyay

section are found to ber(D% p; > 5.5GeV/c,|y| < cross section in the central rapidity regigh < 0.6 has

1) =133+0.2+15ub,o(D**,pr > 6.0GeV/c,ly| < peen carried out. This is the first measurement of the to-

1) =52+01+08ub, o(D",pr > 6.0GeV/c,ly| < talinclusivel/W cross section in the central rapidity re-

1)=4.3+0.1+£0.7ubando(Dg, pr >8.0GeV/c,|y| < gjon at a hadron collider. The differential cross section is

1) = 0.75+0.05+0.22ub, where the first uncertainty shown in Fig. 5, and the integrated cross section is mea-
is statistical and the second systematic. The measuregl red to be:

differential cross sections are compared to two recent _

calculations [11, 12], as shown in Fig. 2 and Fig. 3. o(pp— J/WX,|y(J/W| < 0.6) x Br(J/W — up)
They are higher than the theoretical predictions by about

100% at lowp; and 50% at higtp;. However, they are = 2404+ 1(stat) "33(sysf nb,

compatible within uncertainties. The same models also (1)
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FIGURE 3. Ratio of the measured cross sections to the the-
oretical calculation from Cacciari and Nason. The inner error . . o .
bar represents the statistical uncertainty, the outer error bar th't:eIGURE 4. The |nva_r|ant masi(flstrlbutlon of triggerad’
quadratic sum of the statistical and systematic uncertainty. ThEVeNts reconstructed in the.3gb"~ of CDF Il data.
hatched band represents the uncertainty from varying the renor-
malization and factorization scale.

Taking advantage of the large azimuth coverage of its
muon system, the D@ measured the differential crossc
section of the inclusivd /W as a function of the rapidity
using 474 pb 1. The distribution is shown in Fig. 6.

5 CDF Run Il Preliminary
W77 71—
E @ Data with stat. uncertainties

— Systematic uncertainties

10*
BOTTOM QUARK PRODUCTION
CROSS SECTION

) . Br(J/Y - pp) nb/(GeV/

The Run | centrab-quark production cross section mea-
sured by CDF and D@ has a minimum transverse mo-<©
mentum cut on thé-hadrons due to the trigger require- ¥
ments. Since those measurements only explore a smakz?
fraction (~ 10%) of theb-hadronp; spectrum, itis not &
clear from the data whether the excess over the theory is§
due to an overall discrepancy of thieproduction rate, or
it is caused by a shift in the spectrum toward highgr
An inclusive measurement of bottom quark production
over all transverse momentum can certainly help resolvesIGURE 5. The differential cross section for inclusivgW
this ambiguity. as a function ofo; with |y| < 0.6.

Notice that large fraction ob-hadronH, decays to
J/W final states, whertl, denotes both hadron and anti-
hadron. CDF performed an analysis to extract the inthe promptJ/W's, which are directly produced or de-
clusive b-hadron cross section from the measured in-cayed from higher charmonium states, their vertex are
clusive J/W production cross section. Due to the long at the proton-antiproton interaction point. As the result,
live lifetime of theb-hadrons, the vertex of thi/W de-  we can statistically separate these two components by
cayed from &b-hadron (secondary/W) is usually hun-  examining the projected/W decay distance along its
dreds microns away from the primary vertex, while for

10™E

p-(J/y) GeVic
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FIGURE 6. The differential cross section fdy¥ as a func- F
tion of |y|.
transverse momentum. The measubsfdaction is then 10'20 — J; — ; e L 1'6'

applied to the previously measured inclusl/8¥ cross 12‘]/@ GeV/c
section to obtain the differential production cross section Pr

of H, — J/WX as a function o (J/¥). However, the  FIGURE 7. b-hadron differential cross section as a function
above algorithm to extradt-fraction does not work for  of p; (J/W).

J/W¥ candidate with low transverse momentum, because
ab-hadron with lowp; does not travel far away from the
primary vertex in the transverse plane. Therefore a mini-
mump; (J/¥W) > 1.25GeV/crequirementis imposed for
theb-hadron cross section measurement as a function of
pr(J/W) in order to have a reliable determinationtsf
fraction. The measured differential cross section result is
shown in Fig. 7.

Luckily, the b-hadron decayed at rest can still trans-
fer a few (~ 1.7) GeV/c transverse momentum to its
J/W daughter because of the largéhadron mass. The
knowledge of the secondadyW production with trans-
verse momenta less thar0ZeV/c allows us to probe
the b-hadrons with low transverse momenta down to
zero. Therefore using the measutediadron differen-
tial cross section with .25 < p(J/¥) < 17.0GeV/c,
we are able to extract thehadron differential cross sec-
tion as a function op (H,,) down top; (H,) = 0GeV/c.

To do so, we perform a convolution that is based on the
Monte Carlo template of thé-hadron transverse mo-
mentum distribution. The unfolding procedure is then 20
repeated using the measuredhadron production spec- pr(H,) GeVic
trum ?S the Input spectrum for the next iteration, until FIGURE 8. b-hadron differential cross section as a function
the x< comparison between the input and output specy¢ : <

. . pr(H,) with |y] < 0.6.
trum calculated after each iteration becomes stable. The
measuredb-hadron cross section as a functiongf(H,)
is plotted in Fig. 8. The totab-hadron cross section is
found to be

o CDF Run Il Preliminary
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The total singleb-quark cross section is obtained by di-
_ vided this measurement by two, the branching fractions,
a(pp — HpX, |y(Hp)| < 0.6) x Br(H, — J/¥X) and the rapidity correction factors obtained from MC. We

xBr(J/W — pp) = 245+ 0.5(stat) 5 (sysh nb, o
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precise measurements on the heavy flavor production
will be available in the near future. At the same time,
several other analyses have also been carried out to ex-
plore other aspects of heavy flavor production mecha-
nism, such as thieb correlation anac correlation during

the production. In the next a few years, a combination of
better experimental data and improved theory should ad-
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FIGURE 9. Measured Run Ib-jet cross section compared to

theoretical prediction.

vance our knowledges of the heavy quarks production.
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find: o
a(pp — bX,|y(b)| < 0.6)
Q)
= 180+ 0.4(stat) 4 3.8(sysh ub, 1
and o 2.
a(pp— bX,|y(b)| < 1) 3.
@
=294+ 0.6(stat) + 6.2(syst ub. c

B-JET PRODUCTION CROSS SECTION 6.

7.

Using 34pb ! of data, ab-jet production cross section g

analysis has been performed by D@ . The candidate evest
is selected by associating a muon track with a jet, which

is defined witlR= 1/AnZ2 + A¢? cone algorithm. Notice 10.

the fact that the muon decayed franquark has a higher 12: Kniehl., B. (Private communication), Their calculation

transverse momentum with respect to the net momentum
vector of combined muon and jet, the corresponding

distribution is then used to fit the b-jet fraction. The 13.

signal template is modeled fromta— ¢ Monte Carlo

simulation, and the background template is extracted#

from 1.5 million QCD events. After correcting the muon
and jet reconstruction efficiency, and the calorimeter jet
energy resolution, thie-jet cross section is obtained. The
preliminary result is shown in Fig. 9 compared to the
theoretical prediction. This measurement is consistent
with the previous Run | measurement [14].

CONCLUSION

The understanding of the heavy flavor production is cur-
rently one of the most important challenges faced by
QCD. In this paper, we present the most recent mea-
surements from CDF and D@ experiments. Given large
amount of data that have already been collected, rapid
improvement of Tevatron performance, and further un-
derstanding of the detector, we expect that much more
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