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Introduction DVCS on a photon QCD factorization Conclusion

The photon structure functions F γ

2 and F γ

L

High energies ⇒ photon’s point-like component dominates its hadronic-like
component ⇒ F γ

2 and F γ
L are perturbatively computable

They have unique features:

• Scaling violation already in the PM for F γ
2 Walsh and Zerwas 1973, Kingsley 1973

F γ
2 (x , Q2) = F γ

2 (x) ln
Q2

Λ2
+ ... F γ

2 (x) =
1

16π2

X

i

e4
i x(1 − 2x + 2x2)

• PM gives wrong scaling violation magnitude and shape Witten 1977

What about generalized parton distributions?

DIS → inclusive → cross-section → imaginary part

DVCS → exclusive → amplitude → imaginary part + real part
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DVCS on a photon

B
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k − p1
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k + q + p1

Light-cone kinematics: q = −2ξp + Q2

2ξs n

q′ = 2ξp +

„

Q2

2ξs −
→

∆T

2

4s
2ξ

1−ξ2

«

n − ∆T ∆ = p2 − p1

p1 = (1 + ξ)p +
→

∆T

2

4(1+ξ)s n − ∆T
2 p2 = (1 − ξ)p +

→

∆T

2

4(1−ξ)s n + ∆T
2

From now on we put ∆T = 0

Aim: extract PM analytical expressions for the GPDs from the typical integral
representation of the amplitude

´ 1
−1 dx f (x , ξ, Q2) 1

x−ξ+iǫ
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Introduction DVCS on a photon QCD factorization Conclusion

The amplitude of the process γ∗γ → γγ is

A .
= ǫµǫ′∗ν ǫ1αǫ∗2 βT µναβ ,

where ǫ(q), ǫ′∗(q′), ǫ1(p1) and ǫ∗2(p2) are transverse and

T µναβ(∆T = 0) =
1
4

gµν
T gαβ

T W1 +
1
8

“

gµα
T gνβ

T + gνα
T gµβ

T − gµν
T gαβ

T

”

W2

+
1
4

“

gµα
T gνβ

T − gµβ
T gαν

T

”

W3 .

The loop momentum is k = (x + ξ)p + βn + kT

and the integration measure

d4k =
s
2

dxdβd2kT =
πs
2

dxdβdk2

where s = 2p · n = Q2

2ξ
.

We want to compute the Wi in the Sudakov kinematics
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Introduction DVCS on a photon QCD factorization Conclusion

The box diagram and W1

REAL PART

Re W box
1 is proportional to the real part of

ˆ

dx dβ dk2 TrA1

[(k + q)2 − m2 + iη][(k − p1)2 − m2 + iη](k2 − m2 + iη)[(k + ∆)2 − m2 + iη]

where

TrA1 = Tr [γν
T (k̂ + q̂ + m)γνT (k̂ + m)γα

T (k̂ − p̂1 + m)γαT (k̂ + q̂ − n̂ + m)] .

• Integration over β ⇒ DGLAP (ξ < x < 1) and ERBL (−ξ < x < ξ) integrals.
• Integration over k2⇒ UV divergent

This leads to

Re W box
1 ∼

ˆ 1

ξ

dx
2(x2 + (1 − x)2 − ξ2)

π s (1 − ξ2)(ξ − x)
log

m2

Q2
+

ˆ ξ

−ξ

dx
(x + ξ)(ξ − 2x + 1)

π s ξ(1 + ξ)(x − ξ)
log

m2

Q2

+ div .

with restriction to the logarithmic terms.
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• Integration over k2⇒ UV divergent

This leads to

Re W box
1 ∼

ˆ 1

ξ

dx
2(x2 + (1 − x)2 − ξ2)

π s (1 − ξ2)(ξ − x)
log

m2

Q2
+

ˆ ξ

−ξ

dx
(x + ξ)(ξ − 2x + 1)

π s ξ(1 + ξ)(x − ξ)
log

m2

Q2

+ div .

with restriction to the logarithmic terms.
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The box diagram and W1

IMAGINARY PART

By Cutkosky rules, we get

Disc W box
1 =

i
π

e4
qNC

ˆ 1− m2

Q2

ξ+ m2

Q2

dx
x − ξ

(x2 + x̄2 − ξ2)

1 − ξ2

= 2iIm W box
1 = −

i
π

e4
qNC

(1 − ξ)2

1 − ξ2
log

m2

Q2
,

with restriction to the logarithmic terms.
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Introduction DVCS on a photon QCD factorization Conclusion

Total PM result

• No contributions to the imaginary part from other diagrams

• All diagrams contribute to cancell UV divergence in the real part but
collinear factorization is not in conflict with Gauge invariance requirement:
cat-ears diagrams have a divergent real contribution but no log m2

Q2

⇒ Handbag dominance preserved

• UV cancellation is realized for quarks diagrams separately from anti-quarks
ones
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Using
1

x ± ξ ∓ iη
= P

1
(x ± ξ)

∓ iπδ(x ± ξ)

we get

W1 =
e4

q NC

2 π2

ˆ 1

−1
dx

2 x
(x − ξ + iη)(x + ξ − iη)

»

θ(x − ξ)
x2 + (1 − x)2 − ξ2

1 − ξ2

+ θ(ξ − x)θ(ξ + x)
x(1 − ξ)

ξ(1 + ξ)
− θ(−x − ξ)

x2 + (1 + x)2 − ξ2

1 − ξ2

–

ln
m2

Q2
.

Similarly

W3 =
e4

q NC

2 π2

ˆ 1

−1
dx

2ξ

(x − ξ + iη)(x + ξ − iη)

»

θ(x − ξ)
x2 − (1 − x)2 − ξ2

1 − ξ2

− θ(ξ − x)θ(ξ + x)
1 − ξ

1 + ξ
+ θ(−x − ξ)

x2 − (1 + x)2 − ξ2

1 − ξ2

–

ln
m2

Q2

and W2 is zero.
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QCD factorization of the DVCS amplitude on the photon
Let us consider (from OPE)

F q =

ˆ

dz
2π

eixz〈γ(p′)|q̄(−
z
2

N)γ.Nq(
z
2

N)|γ(p)〉

and

F p =

ˆ

dz
2π

eixz〈γ(p2)|F
Nµ(−

z
2

N)F νN(
z
2

N)gTµν |γ(p1)〉

where N = n/n.p and F Nµ = NνF νµ.
To zeroth order in αs,

F p = −gµν
T ǫµ(p1)ǫ

∗

ν(p2)(1 − ξ2)[δ(1 + x) + δ(1 − x)] .

and

F q =
NC e2

q

4π2
gµν

T ǫµ(p1)ǫ
∗

ν(p2)

»

1
ǫ̂

+ log m2
–

F (x , ξ) ,

with

F (x , ξ) =
x2 + (1 − x)2 − ξ2

1 − ξ2
θ(1 > x > ξ)−

x2 + (1 + x)2 − ξ2

1 − ξ2
θ(−ξ > x > −1)

+
x(1 − ξ)

ξ + ξ2
θ(ξ > x > −ξ) .

There is a renormalisation mixing of these operators
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The renormalization scale is identified with a factorization scale MF .
Choosing that for MF = m we have F q = 0, then

F q
R =

NC e2
q

4π2
gµν

T ǫµ(p1)ǫν(p2) log
m2

M2
F

F (x , ξ)

We can define the generalized quark distributions of the photon Hq
i (x , ξ, 0) as

F q
R = −gµν

T ǫµ(p1)ǫ
∗

ν(p2)H
q
1 (x , ξ, 0) , F̃ q

R = iǫµνpNǫµ(p1)ǫ
∗

ν(p2)H
q
3 (x , ξ, 0)

because with this definition

W q
1 =

1
ˆ

−1

dxCq
V (x)Hq

1 (x , ξ, 0) , W q
3 =

1
ˆ

−1

dxCq
A(x)Hq

3 (x , ξ, 0) ,

where

Cq
V/A = −2e2

q

„

1
x − ξ + iη

±
1

x + ξ − iη

«

and we recover part of the direct amplitude calculation, since

ln m2

Q2 = ln m2

M2
F

+ ln M2
F

Q2
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The ln M2
F

Q2 contribution corresponds to the "photon content of the photon"

One can choose M2
F = Q2 to eliminate it ⇒ partonic interpretation of DVCS

amplitude (at LO)
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Conclusion

• One has been able to define the anomalous GPDs of the photon at LO in
the PM

• These GPDs can in principle be measured

To go beyond this analysis, one can

• keep ∆T non-zero

• get QCD corrections from evolution equations with an inhomogeneous term
(scaling violation term) DeWitt et al. 1979
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