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Single- and entral-di�rative prodution of heavy quarks

single- di�rative prodution
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leading-order gluon-gluon fusion and

quark-antiquark anihilation partoni

subproesses are taken into

onsideration

the extra orretions from subleading

reggeon exhanges are expliitly

alulated
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Theoretial framework

In this approah (Ingelman-Shlein model) one assumes that the Pomeron has a well de�ned

partoni struture, and that the hard proess takes plae in a Pomeron�proton or

proton�Pomeron (single di�ration) or Pomeron�Pomeron (entral di�ration) proesses.
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standard ollinear MSTW08LO parton distributions

(A.D. Martin, W.J. Stirling, R.S. Thorne and G. Watt)

di�rative distribution funtion (di�rative PDF)
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Theoretial framework

The di�rative distribution funtion (di�rative PDF) an be obtained by a onvolution of

the �ux of pomerons f

IP

(x
IP

) in the proton and the parton distribution in the pomeron, e.g.

g
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):
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being kinemati boundaries.

Both pomeron �ux fators f

IP

(x
IP

, t) as well as parton distributions in the pomeron were

taken from the H1 ollaboration analysis of di�rative struture funtion at HERA.
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Results for ̄ and bb̄
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the multipliative fators are approximately S
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= 0.05 for single-di�rative prodution

and S

G

= 0.02 for entral-di�rative one for the nominal LHC energy (

√
s = 14 TeV)
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Results for ̄ and bb̄
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in the ase of pomeron exhange the upper limit in the onvolution formula is taken to

be 0.1 and for reggeon exhange 0.2 (x
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< 0.1, x
IR

< 0.2)

the whole Regge formalism does not apply above these limits
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Results for ̄ and bb̄
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the individual single-di�rative mehanisms have maxima at large rapidities, while the

entral-di�rative ontribution is onentrated at midrapidities.

This is a onsequene of limiting integration over x

IP

to 0.0 < x
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< 0.1

and over x
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to 0.0 < x

IR

< 0.2
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Hadronization of heavy quarks
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hadronization

phenomenology → fragmentation funtions extrated from

e

+
e

−
data

often used (older parametrizations):

Peterson et al., Braaten et al., Kartvelishvili et al.

more up-to-date: harm nonperturbative fragmentation

funtions determined from reent Belle, CLEO, ALEPH and

OPAL data:

Kneesh-Kniehl-Kramer-Shienbein (KKKS08) + DGLAP

evolution!

FONLL → Braaten et al. (harm) and Kartvelishvili et al.

(bottom)

GM-VFNS → KKKS08 + evolution

numerially performed by resalling transverse momentum

at a onstant rapidity (angle)

from heavy quarks to heavy mesons:
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approximation:

rapidity unhanged in the fragmentation proess → y

Q

= y

M
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Preditions of integrated ross setions for LHC experiments

single-di�ration:

IR

IP+IR
≈ 24− 31%

entral-di�ration:

IPIR+IRIP+IRIR
IPIP+IPIR+IRIP+IRIR

≈ 42− 50%

single−di�rative

non−di�rative

≈ 2− 3% entral−di�rative

non−di�rative

≈ 0.03− 0.07%

Marta �uszzak University of Rzeszow



k

t

-fatorization in non-di�rative harm prodution
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t

-fatorization −→ κ
1,t
, κ

2,t
6= 0

Collins-Ellis, Nul. Phys. B360 (1991) 3;

Catani-Ciafaloni-Hautmann, Nul. Phys. B366 (1991) 135;

Ball-Ellis, JHEP 05 (2001) 053

⇒ very e�ient approah for QQ orrelations

multi-di�erential ross setion
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1,t), F
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(x
2

, κ2
2,t) - unintegrated (k

t

-dependent) gluon distributions

LO o�-shell |M
g

∗
g

∗→QQ̄

|2 ⇒ Catani-Ciafaloni-Hautmann (CCH) analyti formulae

or QMRK approah with e�etive BFKL NLL verties

major part of higher-order orretions e�etively inluded

f lavour excitation gluon splitt ingpair creation
with gluon emission

part of the proton

hard scattering

part of the proton

hard scattering
hard scattering

final state radiation
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Unintegrated gluon distribution funtions (UGDFs)
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most popular models:

Kwiei«ski, Jung (CCFM, wide range of x)

Kimber-Martin-Ryskin (DGLAP-BFKL, wide range

of x)

Kwiei«ski-Martin-Sta±to (BFKL-DGLAP, small

x-values)

Kutak-Sta±to (BK, saturation, only small x-values)

Lesson from non-di�rative harm prodution at the LHC:
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KMR UGDF works very well (single partile spetra and orrelation observables)

may be applied for hard di�rative proesses
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Model for di�rative UGDF

fIP (xIP , t)

gIP (β, µ
2)

xIP

β = x
xIP

gD(x, µ2)

Resolved pomeron model (Ingelman-Shlein model):

onvolution of the �ux of pomerons in the proton

and the parton distribution in the pomeron

both ingredients known from the H1 Collaboration analysis of

di�rative struture funtion and di�rative dijets at HERA

First step ⇒ di�rative ollinear PDF:
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Seond step ⇒ di�rative unintegrated gluon within Kimber-Martin-Ryskin method:
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Single-di�rative ross setion
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are the onventional UGDFs and FD

g

are their di�rative ounterparts

elementary ross setion with o�-shell matrix element |M
g

∗
g

∗
→̄

(k
1

, k
2

)|2

in�uene of pomeron transverse momenta on initial gluon transverse momenta negleted,

we assume: gluon k

t

>> p

T

of pomeron (or outgoing proton)
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LO Parton Model vs. k

t

-fatorization approah
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signi�ant di�erenes between LO PM and k

t

-fatorization

(similar as in the non-di�rative ase)

higher-order orretions very important
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2Dim-distribution in transverse momenta of  and ̄
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orretions (in the PM lassi�ation)
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Correlation observables
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quite large ̄ pair transverse momenta

azimuthal angle orrelations ⇒ almost �at distribution

(similar shape in the ase of inlusive entral di�ration (DPE))

exlusive entral di�rative events ⇒
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and ϕ
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muh more orrelated (peaked at π)
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Initial gluon vs. outgoing proton transverse momenta
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D

0

meson transverse momentum spetra for ATLAS
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Conlusions

sizeable ross setion for single-di�rative prodution of open harm

at the LHC alulated for the �rst time within the k

t

-fatorization

approah

useful model for unintegrated di�rative PDFs

very important higher-order orretions

kinematial orrelations avalaible
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