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Summary

• Introdu
tion;

• Dileptons produ
tion in high energies;

• Dipoles formalism for the Drell- Yan;

• Results for the dileptons produ
tion;

• Con
lusion.
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Introdu
tion

• The study of DY 
ross se
tion with dileptons 
arrying large values of p

T

is an important probe of short-distan
e hadron dynami
s;

• Produ
tion of dileptons in DY pro
ess 
an help to 
onstraint the parton

distribution fun
tions (PDFs);

• The dileptons 
an be a powerful probe of the initial state of matter


reated in heavy ion 
ollisions;

• Those eletromagneti
 probes are 
ru
ial to determine the dominant

physi
s in the forward region at RHIC and at the LHC;
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Dileptons Produ
tion in high energies
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Figure: Drell-Yan pro
ess in LO in QCD.

In the D.Y. pro
ess the transfer momentum is the invariant mass of the lepton pair in the �nal state, and


orresponds to the pro
ess s
ale. So,

M

2 = q

2 > 0 (1)

where q

µ
is the quadrimomentum of the virtual foton. The 
enter of mass energy square of the 
olliding hadrons is

given by:

s = (P
1

+ P

2

)2 (2)

where P

1

e P

2

are the quadrimomenta of the hadron 1 and hadron 2, respe
tively.
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Dileptons Produ
tion in high energies

A useful variable to work with DY pro
esses with �xed target is the fra
tion of the total longitudinal momentum,

known as Feynman x

F

, de�ned as:

x

F

=
2p

L√
s

≈ x

1

− x

2

(3)

where p

L

is the longitudinal momentum of the leptons pair, in the hadron-hadron 
enter of mass frame, and x

1

and

x

2

are the momentum fra
tion 
arried by the partons. So:

p

1

= x

1

P

1

and p

2

= x

2

P

2

(4)

where p

1

and p

2

are the momenta 
arried by the partons. So, we 
an write:

x

1

=
2P

2

· q
s

and x

2

=
2P

1

· q
s

(5)

In addition, the variables x

1

e x

2

are related by:

τ = x

1

x

2

=
M

2

s

(6)

where the foton virtual transverse momentum was negle
ted.
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Dipoles formalism for the Drell-Yan
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Figure: A quark or antiquark of the proje
tile s
atters with the 
olor �eld of the target and radiates a photon

(before or after s
attering), whi
h de
ays as a leptons pair.

In the dipoles formalism, the 
ross se
tion for radiation of a virtual photon from a quark s
attering from a nu
leon

(N) 
an be written as:

dσ
T,L(qN → γ∗X )

d lnα

∫

d

2

r⊥|ΨT,L
γ∗

q

(α, r⊥)|2σ
dip

(αr⊥) (7)

and that the wave fun
tions are given by:

|ΨT,L
γ∗

q

(α, ~r⊥)|2 = |ΨT

γ∗
q

(α, ~r⊥)|2 + |ΨL

γ∗
q

(α, ~r⊥)|2 , (8)

|ΨT

γ∗
q

(α, ~r⊥)|2 =
α
em

π2
{m2

f

α
4

K

2

0

(ηr⊥) + [1 + 1 − α]ηK
2

1

(ηr⊥)} , (9)

|ΨL

γ∗
q

(α, ~r⊥)|2 =
2α

em

π2
M

2

(1 − α)K
2

0

(ηr⊥)} (10)

where η = α(1 − α)M2 + m

2

f

, K

0

and K

1

are the modi�ed Bessel fun
tions.
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Dipoles formalism for the Drell-Yan

In the dipoles formalism, the D.Y. transverse momentum distribution is given by:

d

3σ(pp → l

+
l

−
X )

dydM

2

dp

2

T

=
α
em

3M

2

x

1

∫

α
max

x

1

dα

α

N

f

∑

q=1

e

2

q

[

q

(

x

1

α

)

+ q̄

(

x

1

α

)]

×
∫

d

2

r⊥d

2

r

′

⊥
e

i
~
p

T

(~r
⊥

−~
r

′

⊥
)
[ψ

T

γ∗q
(α, r⊥)Ψ

T∗

γ∗q
(α, r

′

⊥
) + ψ

L

γ∗q
(α, r⊥)Ψ

L∗

γ∗q
(α, r

′

⊥
)]

×
1

2

[σ
dip

(x, αr⊥) + σ
dip

(x, αr
′

⊥
) − σ

dip

(x, α|~r⊥ −~r
′

⊥
|)] (11)
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Dipoles formalism for the Drell-Yan

What 
an be rewritten as:

dσDY

dM

2

dx

F

dp

2

T

=
α2

em

6π3M2

1

(x
1

+ x

2

)

∫

dρW (ρ, p
T

)σ
dip

(ρ) (12)

with the weight fun
tion W (ρ, p
T

), given by:

W (ρ, p
T

) =

∫

α
max

x

1

dα

α

N

f

∑

q=1

e

2

q

[

q

(

x

1

α

)

+ q̄

(

x

1

α

)]

×
{

[m
2

q

α
4

+ 2M

2

(1 − α)
2

]

[

1

p

2

T

+ η2
T

1

(ρ) −
1

4η
T

2

(ρ)

]

+[1 + (1 − α)
2

]

[

ηP
T

p

2

T

+ η2
T

3

(ρ) −
T

1

(ρ)

2

+
η

4

T

2

(ρ)

]}

(13)

with

T

1

(ρ) = ρJ
0

(p
T

ρ/α)K
0

(ηρ/α)/α (14)

T

2

(ρ) = ρ
2

J

0

(p
T

ρ/α)K
1

(ηρ/α)/α
2

(15)

T

3

(ρ) = ρJ
1

(p
T

ρ/α)K
1

(ηρ/α)/α (16)
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Drell-Yan di�erential 
ross se
tion

We 
al
ulate the di�erential 
ross se
tion for the Drell-Yan produ
tion, given by:

dσ(pp → γX )

dMdydp

2

T

=
α
em

12π3M2

∫

α
max

x1

dα

α
F

p

2

(

x1

α
,Q2 = M

2

)

×
{

m

2

q

α4

[

I

1

(p2
T

+ ε2)
− I

2

4ε

]

+

+[1+ (1− α)2]

[

ηp
T

I

3

(p2
T

+ ε2)
− I

1

2

+
εI
2

4

]}

(17)

where ε = αm
q

. The quantities I

1,2,3, are given by:

I

1

=

∫

∞

0

drrJ

0

(p
T

r)K
0

(εr)σ
dip

(x
2

, αr)

I

2

=

∫

∞

0

drr

2

J

0

(p
T

r)K
1

(εr)σ
dip

(x
2

, αr)

I

3

=

∫

∞

0

drrJ

1

(p
T

r)K
1

(εr)σ
dip

(x
2

, αr) (18)
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GBW Dipole Cross Se
tion

If we 
onsider that the 
ross se
tion is dominated by small dipoles, we use the GBW (Gole
 - Biernat e Wustho�)

parameterization and taking the small r limit , then 
al
ulate analyti
ally the integrals (18).

σ
dip

(x ,~r ; γ) = σ
0

[

1− exp

(

− r

2

Q

2

sat

4

)γ
e�

]

, (19)

γ
e�

= 1 and the remaining parameters are �tted to DIS HERA data at small x . The saturation s
ale is de�ned as

Q

2

sat

(x) =
(

x

0

x

)λ
.

This dipole 
ross-se
tion de
reases over short distan
es αρ2 (
olor transparen
y) and saturates at large separations.

Taking the approa
h σ
dip

≈ σ
0

(r2Q2

sat

), in the region in whi
h p

T

≫ Q

sat

, we have:

I

1

= σ
0

Q

2

sat

(ε2 − p

2

T

)

(p2
T

+ ε2)3

I

2

= σ
0

Q

2

sat

4ε(ε2 − 2p

2

T

)

(p2
T

+ ε2)4

I

3

= σ
0

Q

2

sat

2p

T

ε

(p2
T

+ ε2)3
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CGC Dipole 
ross se
tion model

The CGC dipole 
ross se
tion is parameterized as:

σ
dip

(x , r) = σ
0







N
0

(

τ̄
2

4

)

γ
e�

(x , r)
, for τ̄ ≤ 2 ,

1− exp

[

−a ln

2 (b τ̄)
]

, for τ̄ > 2 ,

where τ̄ = rQ

sat

(x)

For the 
olor transparen
y region near saturation border (τ̄ ≤ 2), the behavior is driven by

γ
e�

(x, r) = γ
sat

+
ln(2/τ̃)
κ λ y

, where γ
sat

= 0.63.
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Results
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Di�erential 
ross se
tion of dileptons
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Figure: Low mass DY di�erential 
ross se
tions,

d

3σ/dM2

dYdp

T

, as a fun
tion of dilepton transverse

momentum, p

T

, at energy of

√
s = 7 TeV, using the

GBW model for the dipole 
ross se
tion.

• The p

T

espe
trum is quite sensitive to the parti
ular

model of dipole 
ross se
tion;

• The large rapidity 
ases give smaller 
ross se
tions;

• The peak on the distributions is shifted to larger

values on p

T

;

• The peak is lo
ated at momentum around p

T

≈ 1.
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Dilepton invariant mass distribution
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Figure: Invariant mass distribution in the range

12 < Mℓℓ < 66 GeV. The imposed 
uts at energy of

√
s = 7 TeV are lepton pair rapidities |Yℓℓ| < 2.5 and

dilepton transverse momentum p

T

≥ 3 GeV.

• GBW model(dot-dashed line), CGC model(solid line);

• The mais deviation between these two models o

urs

at large p

T

;

• Distin
t p

T


uts will lead to a di�erent overall

normalization for the invariant mass distribution;

• ATLAS 
uts: 12 < M

ll

< 66GeV , p

T

> 3GeV ,

|y | < 2.5.

(Maria Beatriz Gay Du
ati - UFRGS) LHC Forward Physi
s and Di�ra
tion WG meeting18-20 November 2013 14 / 17



Forwad dilepton rapididy distribution
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Figure: The dilepton rapidity distribution at

√
s = 7

TeV imposing the 
ut on dumuon transverse momentum

p

T

> 6 GeV and two invariant mass regions: (upper plot)

20 ≤ Mℓℓ ≤ 40 GeV and (lower plot) 10.5 ≤ Mℓℓ ≤ 20

GeV.

• GBW model(dot-dashed line), CGC model(solid line);

• µ2 = 1

2

[(1 − x

1

)M2 + p

2

T

];

• The rapidity distribution is sensitive to the hard s
ale;

• LHCb 
uts: 20 < M

ll

< 40GeV ,

10.5 < M

ll

< 20GeV , p

µ
T

> 6GeV ;

• In the forward rapiditys: 0.6,≤ 〈Q2

sat

〉 ≤ 1.2 for

〈M
ll

〉 ≃ 15.25GeV .
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Con
lusion

• Low mass DY produ
tion 
an be addressed in the 
olor dipole pi
ture

without any free parameters by using dipole 
ross se
tion determined from


urrent phenomenology in DIS;

• The saturation e�e
ts play a signi�
ant role for the measured range of

p

T

at the LHC even at midrapidities as the saturation s
ale is enhan
ed by

a sizable fa
tor in 
omparison with the RHIC;

• The rapidity distribution of the DY produ
tion is sensitive to the 
hosen

hard s
ale as also o

urs for the LO pQCD approa
h;

• The rapidity distribution is driven by the e�e
tive anomalous dimension,

with is distin
t for ea
h model;

• The 
onsidered 
uts were motivated by LHCb and ATLAS analysis for

low mass Drell Yan.
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Thank you!
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