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√

s = 200 GeV, A. Adare, et al., Phys. Lett. B 670 (2009), 313-320

dielectron mass spectrum dominated by semileptonic decays of charm
and bottom mesons→ nonphotonic electrons

charm and bottom production→ standard measurements of single leptons (PHENIX. STAR)
and pQCD calculations (NLO, FONLL)

alternative method→ dielectron correlations

a new tool for testing pQCD techniques, fragmentation functions
and semileptonic decays of D and B mesons
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Heavy quarks pair production

Dominant mechanism and the kt -factorization approach
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k1,t 6= 0

k2,t 6= 0

charm and bottom quarks production at high energies
−→ gluon-gluon fusion

QCD collinear approach→ only inclusive one particle
distributions, total cross sections

LO kt -factorization approach −→ κ1,t , κ2,t , 0
⇒ QQ̄ correlations, pt -distributions (Łuszczak, Szczurek)



Introduction Open Charm and Bottom and nonphotonic electrons Related processes Results Summary and outlook

Heavy quarks pair production

Dominant mechanism and the kt -factorization approach

p1

p2

Q

Q̄

X1

X2

k1,t 6= 0

k2,t 6= 0

charm and bottom quarks production at high energies
−→ gluon-gluon fusion

QCD collinear approach→ only inclusive one particle
distributions, total cross sections

LO kt -factorization approach −→ κ1,t , κ2,t , 0
⇒ QQ̄ correlations, pt -distributions (Łuszczak, Szczurek)

multi-differential cross section
dσ

dy1dp1t dy2dp2t dφ
=
∑

i,j

∫

d2κ1,t

π

d2κ2,t

π

1

16π2(x1x2s)2
|Mij→QQ̄ |2

× δ2 (~κ1,t + ~κ2,t − ~p1,t − ~p2,t ) Fi(x1, κ2
1,t) Fj(x2, κ2

2,t )



Introduction Open Charm and Bottom and nonphotonic electrons Related processes Results Summary and outlook

Heavy quarks pair production

Dominant mechanism and the kt -factorization approach

p1

p2

Q

Q̄

X1

X2

k1,t 6= 0

k2,t 6= 0

charm and bottom quarks production at high energies
−→ gluon-gluon fusion

QCD collinear approach→ only inclusive one particle
distributions, total cross sections

LO kt -factorization approach −→ κ1,t , κ2,t , 0
⇒ QQ̄ correlations, pt -distributions (Łuszczak, Szczurek)

multi-differential cross section
dσ

dy1dp1t dy2dp2t dφ
=
∑

i,j

∫

d2κ1,t

π

d2κ2,t

π

1

16π2(x1x2s)2
|Mij→QQ̄ |2

× δ2 (~κ1,t + ~κ2,t − ~p1,t − ~p2,t ) Fi(x1, κ2
1,t) Fj(x2, κ2

2,t )

off-shell |Mgg→QQ̄ |2 −→ Catani, Ciafaloni, Hautmann (very long formula)

major part of NLO corrections automatically included



Introduction Open Charm and Bottom and nonphotonic electrons Related processes Results Summary and outlook

Heavy quarks pair production

Dominant mechanism and the kt -factorization approach

p1

p2

Q

Q̄

X1

X2

k1,t 6= 0

k2,t 6= 0

charm and bottom quarks production at high energies
−→ gluon-gluon fusion

QCD collinear approach→ only inclusive one particle
distributions, total cross sections

LO kt -factorization approach −→ κ1,t , κ2,t , 0
⇒ QQ̄ correlations, pt -distributions (Łuszczak, Szczurek)

multi-differential cross section
dσ

dy1dp1t dy2dp2t dφ
=
∑

i,j

∫

d2κ1,t

π

d2κ2,t

π

1

16π2(x1x2s)2
|Mij→QQ̄ |2

× δ2 (~κ1,t + ~κ2,t − ~p1,t − ~p2,t ) Fi(x1, κ2
1,t) Fj(x2, κ2

2,t )

off-shell |Mgg→QQ̄ |2 −→ Catani, Ciafaloni, Hautmann (very long formula)

major part of NLO corrections automatically included

Fi(x1, κ2
1,t) Fj(x2, κ2

2,t) - unintegrated parton distributions
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m2,t√
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.
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Heavy quarks pair production

UPDFs - unintegrated parton distribution functions

kt -factorization→ replacement: pk(x, µ2
F
) −→ Fk(x, κ2

t , µ2
F
)

UPDFs - needed in less inclusive measurements which are sensitive to the transverse
momentum of the parton

several models: BFKL, GBW, Ivanov-Nikolaev, Kharzeev-Levin, KMR, Kutak-Stasto, Kwiecinski

Kwiecinski UPDFs:
from CCFM evolution equations

Fk(x, κ2
t , µ2

F ) =

∫ ∞

0

db bJ0(κtb)F̃k(x, b, µ2
F )

F̃k(x, b, µ2
F ) =

∫ ∞

0

dκt κtJ0(κt b)Fk(x, κ2
t , µ2

F )

PDFs −→ UPDFs

xpk(x, µ2
F ) =

∫ ∞

0

dκ2
t F (x, κ2

t , µ2
F )
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Fragmentation into heavy mesons

Simulation of hadronization process
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k2,t 6= 0

M

M̄
hadronization

phenomenology → fragmentation functions
extracted from e+e− data

often used: Braaten et al., Kartvelishvili et al., Peterson et al.

Peterson et al. DQ→M(z) = N

z[1−(1/z)−εQ/(1−z)]
εc = 0.06, εb = 0.006 from PDG

numerically performed by rescalling transverse momentum

at a constant rapidity (angle)
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Fragmentation into heavy mesons

Simulation of hadronization process

p1

p2

Q

Q̄

X1

X2

k1,t 6= 0

k2,t 6= 0

M

M̄
hadronization

phenomenology → fragmentation functions
extracted from e+e− data

often used: Braaten et al., Kartvelishvili et al., Peterson et al.

Peterson et al. DQ→M(z) = N

z[1−(1/z)−εQ/(1−z)]
εc = 0.06, εb = 0.006 from PDG

numerically performed by rescalling transverse momentum

at a constant rapidity (angle)

from heavy quarks to heavy mesons:

dσ(y1, pM
1t

, y2, pM
2t

, φ)

dy1dpM
1t

dy2dpM
2t

dφ
≈
∫

DQ→M(z1)

z1
·
DQ̄→M̄(z2)

z2
·
dσ(y1, pQ

1t
, y2, pQ

2t
, φ)

dy1dpQ
1t

dy2dpQ
2t

dφ
dz1dz2

where: pQ
1t

=
pM

1t

z1
, pQ

2t
=

pM
2t

z2
and z1, z2 ∈ (0, 1)

approximation:

y1, y2, φ - unchanged in the fragmentation process
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Semileptonic decays of D and B mesons

Simple model of semileptonic decays
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hadronization

e−

e+

CLEO e+e− → Ψ(3770)→ DD̄ → Xeν
BR(D+ → e+νeX)=16.13±0.20(stat.)±0.33(syst.)%

BR(D0 → e+νeX)=6.46±0.17(stat.)±0.13(syst.)%

BABAR e+e− → Υ(10600) → BB̄ → Xeν

BR(B → eνeX)=10.36±0.06(stat.)±0.23(syst.)%
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Semileptonic decays of D and B mesons

Simple model of semileptonic decays

p1

p2

Q

Q̄

X1

X2

k1,t 6= 0

k2,t 6= 0

M

M̄
hadronization

e−

e+

CLEO e+e− → Ψ(3770)→ DD̄ → Xeν
BR(D+ → e+νeX)=16.13±0.20(stat.)±0.33(syst.)%

BR(D0 → e+νeX)=6.46±0.17(stat.)±0.13(syst.)%

BABAR e+e− → Υ(10600) → BB̄ → Xeν

BR(B → eνeX)=10.36±0.06(stat.)±0.23(syst.)%

Monte Carlo =⇒ directions and lengths of outgoing leptons momenta

Our input =⇒ experimental decay functions: fCLEO(p), fBABAR(p)

 (GeV)
e

p

0 0.2 0.4 0.6 0.8 1

)
-1

 G
eV

-1
) 

(p
s

eν +
 X

 e
→

 (
D

 
e

/d
p

Γd

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35
CLEO

our fit

 (GeV)
e

p

0 0.5 1 1.5 2 2.5

E
le

ct
ro

ns
 / 

50
 M

eV

0

2000

4000

6000

8000

10000

12000

14000

16000

BABAR
our fit

approximation:
D mesons (D±, D0, D̄0, D±

S
, D∗0, D∗±, D∗±

S
)

B mesons (B±, B0, D̄0, B0
S
, B̄0

S
, B∗, B∗

S
)
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Drell-Yan dileptons

Drell-Yan processes in the kt -factorization

p1

p2

e−

e+

X1

X2

q

q̄

γ∗

A. Szczurek, G. Ślipek,

Phys. Rev. D 78 (2008) 114007

kt -factorization approach with Kwiecinski UPDFs

0-th and 1-st order qq̄-anihilation and 1-st order

Compton scattering

0-th order Drell-Yan cross section

dσ

dy1dy2d2p1t d
2p2t

=
∑

f

∫

d2κ1t

π

d2κ2t

π

1

16π2(x1x2s)2
δ2 (~κ1t + ~κ2t − ~p1t − ~p2t )

[Fqf
(x1, κ2

1t , µ2
F ) Fq̄f

(x2, κ2
2t , µ2

F ) |M(qq̄ → e+e−)|2

+ Fq̄f
(x1, κ2

1t , µ2
F ) Fqf

(x2, κ2
2t , µ2

F ) |M(qq̄ → e+e−)|2 ]

unintegrated quark distributions
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QED γγ → e+e− in p+p scattering

Elastic and inelastic reactions

pp → ppe+e−

p1

p2

e−

e+

p1

p2

γ∗

γ∗

exact momentum space calculations
with 4-body phase space

consistent with LPAIR Monte Carlo
package

pp → X1X2e+e−

p1

p2

e−

e+

X1

X2

γ∗

γ∗

collinear kinematics

MRST 2004
(Martin-Roberts-Stirling-Thorne)

photon distributions in nucleon
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Dilepton invariant mass spectrum
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Uncertainties - µF , µR scale dependence
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Uncertainties - quark mass dependence
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Sensitivity of fragmentation functions parameters ϸc, ϸb
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Transverse momenta correlations
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Azimuthal and pt,sum correlations
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Theoretical description of nonphotonic and Drell-Yan dilepton

production in proton-proton collisions in the framework of the

kt -factorization approach
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Summary

Model:

Theoretical description of nonphotonic and Drell-Yan dilepton

production in proton-proton collisions in the framework of the

kt -factorization approach

Succes:

Well description of the PHENIX dilepton invariant mass spectrum

New possibilieties:

Kinematical correlations between outgoing leptons
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Thank You for attention!
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Backup
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Backup

Future:

explicite calculations of decays c → D∗ → D0,+ → e+

different fragmentation functions
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