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Physical setup
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• Photon Impact Factor, Φγ(k̄a):

• Proton Impact Factor, Φp(k̄b):
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Solutions to the BFKL equation

Leading Logarithmic Accuracy:

• Eigenstates: φn,ν (q) = 1
π
√

2
(q2)iν−1/2 einθ

• Eigenvalues: KLL = ᾱs χ0(|n|, ν)

Next to Leading Logarithmic Accuracy:

• Eigenvalues: [Lipatov & Kotikov (2000), hep-ph/0004008]

KNLL = ᾱs χ0 + ᾱ2
s

{
χ1 +

β0

8Nc
χ0

[
iD(ν, ν′) + log(µ2) + i

χ′0
χ0

] }
δ(ν − ν′) δn,n′

• Gluon Green’s function:

f (s,k,q) =
1

2π2

∑
n

∫ ∞

−∞

dν

δ+i∞∫
δ−i∞

dω
2πi

ein(θq−θk)

ω − KNLL(ᾱs, 1/2 + iν)
1
q2

(
q2

k2

)1/2+iν ( s
s0

)ω
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Choice of energy scale

• DIS-like choice:

s0 = Q2 ⇒

(
s
s0

)ω
=

(
1
x

)ω

• Product of the internal sacales: s0 =
√

q2k2

f (x,k,q) ∝
∫

dγ
2πi

∫
dω
2πi

1
ω − K(ᾱs, γ)

1
q2

(
q2

k2

)γ  Q2/x√
q2k2

ω
=

∫
dγ
2πi

∫
dω
2πi

1
ω − K(ᾱs, γ)

1
q2

(
q2

)γ+ω/2(
k2

)−(γ−ω/2)
(

Q2

x

)ω

Shift in ω for the impact factors:(
q2

)γ+ω/2
⇒ Φγ(γ)→ Φγ(γ − ω/2)(

k2
)γ−ω/2

⇒ ΦP(γ)→ ΦP(γ + ω/2)
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NLL: Running coupling effects

• BFKL equation and gluon Green’s function:

〈 f̂ω 〉 =
1

ω − 〈 K̂ 〉
⇒ F2 ∝

∫
dω
2πi

dν φγ∗(ν)

 1
ω

∞∑
j=0

K j

ωj

 φp(ν)eωY

• Running inside the integral: ᾱs(k2) = ᾱs(µ2) − ᾱ2
s (µ2) β0

4Nc
log

(
k2

µ2

)
〈 K̂ 〉 ≡ 〈n, ν | K̂ | ν′, n′〉 ∝

∫
d2k ᾱs(k2) × ei(ν−ν′)log(k2) G(k, n, n′, ν, ν′)

• Def. Differential operator: D̂ (ν, ν′)

1 Symmetric choice: D̂1 = 1
2 (∂ν − ∂ν′ ) =⇒ ᾱs(Q ∗ Q0)

2 Acting on the photon: D̂2 = ∂ν =⇒ ᾱs(Q2)
3 Acting on the proton: D̂2 = − ∂′ν =⇒ ᾱs(Q2

0)
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A model for the running

Running coupling analytical in the infrared and compatible with power
corrections to jet observables:

ᾱs
(
k2

)
=

4Nc

β0


1

ln k2

Λ2
QCD

+ 125

(
Λ2

QCD + 4k2
)

(
Λ2

QCD − k2
) (

4 + k2

Λ2
QCD

)4
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[B. Webber (1998) hep-ph/9805484]
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Collinear improved resummation

In double-Mellin space:

f ∝
∫

dω dγ
ω − χ0(γ)

(
s

ka kb

)ω k2
a

k2
b

γ−1/2

=

∫
dω dγ

ω − χ0(γ − ω/2)

(
s

k2
a

)ω k2
a

k2
b

γ−1/2

• This leads to big double logs (k-space) or poles (γ-space) when γ → 0, 1
(collinear limit)

• Suggestion:
χ0(γ)→ χ0(γ + ω/2)

[Salam (1998),hep-ph/9806482], [Sabio Vera (2005), hep-ph/0505128]

• This ω-shift resums the double logs to all-orders (cancels the γ and 1 − γ
poles of the NLL kernel)

• It is consistent with the NLL BFKL solution
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Collinear improved resummation
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Numerical analysis



Dependence on the energy scale s0

LL, NLL, collinear improved

Solid lines ⇒ s0 = Q2, dotted lines ⇒ s0 = kq
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Plots for the gluon Green’s function:
action of the differential operator

• LO
• symmetric collinear improved
• asymmetric collinear improved (acting on the photon)
• IR finite running

1 2 5 10 20 50 100
0.01

1

100

104

106

q² HGeV²L

fH
x=

10
-

3
,k

²=
0.

1G
eV

²L



Using BFKL
resummation to fit

DIS data

Clara Salas

Kinematics and
physical setup

Higher order
corrections

Choice of energy scale

Running coupling and
differential operator

Collinear improved
resummation

Numerical analysis

Comments

Plots for the gluon Green’s function:
differential operator

• Diff. operator acting on the photon
• LO, collinear improved
• Solid line⇒ without exponentiating the non scale invariant part
• dotted line⇒ exponentiating everything
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Plots for the gluon Green’s function:
dependence on the model for the running

• Symmetric configuration.

• LO, collinear improved.

• Solid line⇒ IR finite running , dotted line⇒ perturbative ᾱs
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A fit (work in progress)

Photon impact factor:
[Bialas, Navelet, Peschanski /0101179]

Proton impact factor:

φp(k2) = N

 k2

Q2
0

δ e−k2/Q2
0

Best fit: δ = 1.246,

Q2
0 = 0.368 GeV2

N = 0.0735
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Comments and conclusions

• Theoretical uncertainties:

• choice of differential operator, exponentiation or not? what comes
into the running?

• choice of energy scale: symmetric one? DIS-like?
• model for the running coupling

• The collinear improved resummation is needed to fit the data

• Other possible implementations:

• Include quark masses

[White, Peschanski, Thorne, hep-ph/0606169v1]

• Include saturation effects to improve behavior at small Q2
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