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Properties of the heavy-flavor resummed cross section

O Correctly describes all range Q2 > M7

0 Reduces to the FFN result at Q2 ~ M7

0 Reduces to the massless ¢p resummation at Q2 >> M%

0 My suppresses contributions from scales ~ Agcp < My

0 Mass decoupling (cross sections are not sensitive to My at
energies £ < My)

0O Allows for systematic implementation of “intrinsic” heavy

Abstract

We propose a new method to calculate differential distributions
in reactions with heavy quarks. This method can be utilized to
reconstruct heavy-flavor contributions Fg’l’(z,QQ) to the struc-
ture function F>(z,Q?) at all Q% > M% (where Q is the DIS
momentum transfer, and My is the heavy quark mass).Our
approach realizes simultaneous summation of powers of mass
logarithms In?(Q2/M?%) and logarithms In” (¢2./Q?) of the trans-
verse momentum g7 through all orders of perturbation theory.
The joint summation is performed using the impact parame-
ter formalism by Collins, Soper, and Sterman (CSS), realized
in the simplified Aivazis-Collins-Olness-Tung (S-ACOT) fac-
torization scheme. As a practical application, we calculate
differential distributions of bottom quarks produced at the ep
collider HERA.

Charm electroproduction in v*p c.m. frame
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Large logarithms in the current fragmentation region...
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appear at 0 ~ qr/Q — 0 due to radiation of soft partons
can be summed through all orders of ag using the CSS formalism

(Collins, 1993; Meng, Olness, Soper, 1996; Nadolsky, Stump, Yuan,1999)

In the present work, the massless resummation (My/Q = 0) is generalized
to the heavy-quark case (My/Q # 0)

Distributions of bottom quarks in the v*p c.m. frame

axdQPds " GeVe
\

Small and intermediate Q Large Q
@ b d b
ddQPdn ' GevE

=005, Q=15 Gev

X=0.05,Q =50 GeV

a

Statement of the problem

30 —80% of the charm production events at the ep collider
HERA occur outside of the detector acceptance region

To reconstruct the total heavy-flavor production cross sec-
tions daf(;lz/dde2 [or heavy-flavor contributions Fﬁ’b(z,Q2)
to the inclusive DIS structure function F»(z,Q?)], the visi-
ble cross section has to be extrapolated to all phase space
using some theoretical model

We demonstrate that the differential distributions, which
must be known for such extrapolation, can be consistently
calculated at all Q2 > M}I using a massive variable-flavor
number scheme

Such calculation involves resummation of the logarithms
InP(¢%./Q?), which is needed to correctly describe the cur-
rent fragmentation region (where ¢2 < Q)

Finite-order calculations fail in the small 6 region

Fixed-flavor number scheme ACOT
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Resummation cures this problem, leading to physical do/df at
all Q2 > M3

Further applications
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1 The massless (ZM-VFN) cross sec-
tions are significantly above the mas-
sive Cross sections

2 The massive resummed (S-ACOT)
cross section reduces to the massive
finite-order (FFN) cross section at
large 6; exceeds the FFN cross sec-
tion at ¢ — O due to the resummed
logs

3 All cross sections agree at large
a 0%2\){7\"1’

is singular at ¢ — 0.
i VIN strongly depends on the
unknown nonperturbative input at
6 — 0. In contrast, o5;4“°" is calcu-
lated unambiguously due to the sup-
pression of the nonperturbative re-
gion by My # 0.

0 Extensions to reactions at hadron-hadron colliders:
+ Single-top production
¢ Drell-Yan process

¢+ bbH production in MSSM

quarks + other processes involving heavy quarks

OEnhancement in reconstructed F§(z,Q2))siAmT as compared to FFN

Summary

0 Y InP(Q%/M7) + zlnp’(q%/QZ) = consistent description of
distributions in heavy quark production at
2 2 2
Npep < Mj <Q

O The cross section reproduces fixed-order cross sections at
@ ~ My and resummed massless cross sections at Q > Mp;
leads to larger Fg’b(z,Q2) than in the fixed-flavor number
scheme

0 An interesting theoretical 3-scale problem

+ Suppression of perturbative resummed cross section at b 2 1/My

4 transition between 2-particle inclusive and 1-particle inclusive kine-
matics
4 Resummation that does not use dimensional regularization for collinear

singularities



