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Introdu
tion to di�ra
tive physi
s at hadron 
olliders

Inelasti
 di�ra
tive s
atterings 
an be 
lassi�ed into three di�erent spe
ies.

IP

Φ

η

Φ

η η η

Φ Φ

IP

IP

IP

non−diffractive (ND) single−diffractive (SD) double−diffractive (DD) central−diffractive (CD)

Double Pomeron Exchange (DPE)

Single-di�ra
tion (SD)

is the pro
ess initiated by ex
hange of pomeron between intera
ting protons, whereby one proton remains inta
t

and se
ond proton is destroyed and proton remnants appear in the dete
tor. This broken proton gives rise to a

bun
h of �nal parti
les or to a resonan
e with the same quantum numbers. On the side of survived proton a

rapidity gap appears, whi
h separate the proton from remnants.

Double-di�ra
tion (DD)

is similarly initiated but here both protons do not survive the 
ollision. In this 
ase rapidity gap is lo
ated in the


entral rapidity region.

Central-di�ra
tion (CD) 
alled also Double-Pomeron-Ex
hange (DPE)

is governed by pomeron-pomeron intera
tion. Here, both 
olliding protons remain inta
t and some 
entral

system of parti
les, is produ
ed. In these events two outgoing protons are separated from 
entral obje
ts by two

rapidity gaps.

Marta �usz
zak University of Rzeszow



Single- and 
entral-di�ra
tive produ
tion of heavy quarks

single- di�ra
tive produ
tion
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entral- di�ra
tive produ
tion
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leading-order gluon-gluon fusion and

quark-antiquark anihilation partoni


subpro
esses are taken into


onsideration

the extra 
orre
tions from subleading

reggeon ex
hanges are expli
itly


al
ulated
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Theoreti
al framework

In this approa
h (Ingelman-S
hlein model) one assumes that the Pomeron has a well de�ned

partoni
 stru
ture, and that the hard pro
ess takes pla
e in a Pomeron�proton or

proton�Pomeron (single di�ra
tion) or Pomeron�Pomeron (
entral di�ra
tion) pro
esses.
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standard 
ollinear MSTW08LO parton distributions

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

di�ra
tive distribution fun
tion (di�ra
tive PDF)
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Theoreti
al framework

The di�ra
tive distribution fun
tion (di�ra
tive 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

IP

(β, µ2) for gluons:

g

D (x , µ2) =

∫

dx

IP

dβ δ(x − x

IP

β)g
IP

(β, µ2) f
IP

(x
IP

) =

∫

1

x

dx

IP

x

IP

f

IP

(x
IP

)g
IP

(
x

x

IP

, µ2) .

The �ux of Pomerons f

IP

(x
IP

):

f

IP

(x
IP

) =

∫

t

max

t

min

dt f (x
IP

, t) ,

with t

min

, t
max

being kinemati
 boundaries.

Both pomeron �ux fa
tors f

IP

(x
IP

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

taken from the H1 
ollaboration analysis of di�ra
tive stru
ture fun
tion at HERA.
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Results for 

̄ and bb̄
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the multipli
ative fa
tors are approximately S

G

= 0.05 for single-di�ra
tive produ
tion

and S

G

= 0.02 for 
entral-di�ra
tive 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 ex
hange the upper limit in the 
onvolution formula is taken to

be 0.1 and for reggeon ex
hange 0.2 (x

IP

< 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�ra
tive me
hanisms have maxima at large rapidities, while the


entral-di�ra
tive 
ontribution is 
on
entrated at midrapidities.

This is a 
onsequen
e of limiting integration over x

IP

to 0.0 < x

IP

< 0.1

and over x

IR

to 0.0 < x

IR

< 0.2
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Hadronization of heavy quarks

p1

p2

Q

Q̄

X1

X2

k1,t 6= 0

k2,t 6= 0

M

M̄
hadronization

phenomenology → fragmentation fun
tions extra
ted from

e

+
e

−
data

often used (older parametrizations):

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

more up-to-date: 
harm nonperturbative fragmentation

fun
tions determined from re
ent Belle, CLEO, ALEPH and

OPAL data:

Knees
h-Kniehl-Kramer-S
hienbein (KKKS08) + DGLAP

evolution!

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

(bottom)

GM-VFNS → KKKS08 + evolution

numeri
ally performed by res
alling transverse momentum

at a 
onstant rapidity (angle)

from heavy quarks to heavy mesons:

dσ(y , pM
t

)

dyd

2

p

M

t

≈
∫

D

Q→M

(z)

z

2

· dσ(y , p
Q

t

)

dyd

2

p

Q

t

dz

where: p

Q

t

=
p

M

t

z

and z ∈ (0, 1)

approximation:

rapidity un
hanged in the fragmentation pro
ess → y

Q

= y

M
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Predi
tions of integrated 
ross se
tions for LHC experiments

single-di�ra
tion:

IR

IP+IR
≈ 24− 31%


entral-di�ra
tion:

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

≈ 42− 50%

single−di�ra
tive

non−di�ra
tive

≈ 2− 3% 
entral−di�ra
tive

non−di�ra
tive

≈ 0.03− 0.07%
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k

t

-fa
torization in non-di�ra
tive 
harm produ
tion
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Q

Q̄
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k1,t 6= 0

k2,t 6= 0

k

t

-fa
torization −→ κ
1,t
, κ

2,t
6= 0

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

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

Ball-Ellis, JHEP 05 (2001) 053

⇒ very e�
ient approa
h for QQ 
orrelations

multi-di�erential 
ross se
tion
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) F
j
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)

F
i

(x
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, κ2
1,t), F

j

(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 approa
h with e�e
tive BFKL NLL verti
es

major part of higher-order 
orre
tions e�e
tively in
luded

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 fun
tions (UGDFs)

log(Q2)

B
F
K
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tio
n

n
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−
p
er
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rb
at
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e

lo
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1 x
)

B
K Q

2 =
Q
2
S
(x
)

most popular models:

Kwie
i«ski, Jung (CCFM, wide range of x)

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

of x)

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

x-values)

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

Lesson from non-di�ra
tive 
harm produ
tion at the LHC:
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KMR UGDF works very well (single parti
le spe
tra and 
orrelation observables)

may be applied for hard di�ra
tive pro
esses
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Model for di�ra
tive UGDF

fIP (xIP , t)

gIP (β, µ
2)

xIP

β = x
xIP

gD(x, µ2)

Resolved pomeron model (Ingelman-S
hlein 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�ra
tive stru
ture fun
tion and di�ra
tive dijets at HERA

First step ⇒ di�ra
tive 
ollinear PDF:
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t
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Se
ond step ⇒ di�ra
tive unintegrated gluon within Kimber-Martin-Ryskin method:
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)
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
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tor
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Single-di�ra
tive 
ross se
tion
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F
g

are the 
onventional UGDFs and FD

g

are their di�ra
tive 
ounterparts

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

∗
g

∗
→

̄

(k
1

, k
2

)|2

in�uen
e of pomeron transverse momenta on initial gluon transverse momenta negle
ted,

we assume: gluon k

t

>> p

T

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

t

-fa
torization approa
h
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signi�
ant di�eren
es between LO PM and k

t

-fa
torization

(similar as in the non-di�ra
tive 
ase)

higher-order 
orre
tions very important
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2Dim-distribution in transverse momenta of 
 and 
̄
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Correlation observables
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tive events ⇒
smaller p
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Initial gluon vs. outgoing proton transverse momenta
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D

0

meson transverse momentum spe
tra for ATLAS
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Con
lusions

The obtained 
ross se
tions for di�ra
tive produ
tion of 
harmed

mesons are fairly large and the statisti
s seems not to be any

problem

Rather possible ba
kgrounds and the way how the di�ra
tive


ontribution is de�ned and/or extra
ted is an important issue.

We have presented a �rst appli
ation of the k

t

-fa
torization to hard

di�ra
tive produ
tion (very important higher-order 
orre
tions).

Azimuthal angle 
orrelation between 
 and 
̄ , and 

̄ pair transverse

momentum 
ould be obtained for the �rst time.
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