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From GPDs to GDAs

Deep Virtual Compton Scattering

Exclusive Process and Non-Forward Amplitude (—t<s=W?)
v v

apdop!
LA -
P Vo \.t_/\ <
hadron Non-pert. object hadron
Amplitude = Coefficient Function (perturbative)

Q) Generalized Parton Distribution (non-perturbative)

If hadron = photon, cf S. Friot, B. Pire, L. Szymanowski Phy. Lett. B
647 (2007)
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From GPDs to GDAs

Crossed Process : s < —t

t
A
—~ B
Amplitude = Coefficient Function (perturbative)

Q) Generalized Distribution Amplitude

m A, B = Hadrons : Non-perturbative GDA
m A, B = Photons : Perturbative GDA (at leading order)
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v*(@)7(p1) — ¥(q’)¥(p2) process

Motivation

m Prove the factorization of the process
v(@)v(p1) — v(q')y(p2) with the diphoton GDA at lowest
order in aem.

m Calculate the leading (anomalous) diphoton GDA at Born
order.

m Study its QCD evolution equations.
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v*(@)7(p1) — ¥(q’)¥(p2) process

7*(q)v(p1) — 7(q')v(p2) process

Two-photon production in Virtual Compton scattering on a photon
target (+ crossed diagrams) :

q P

l—q l—m Q2 Q2
q = pP— 7’\/, q = By
l=p1—p2 _
PO ” pr = (p, p2=C(p
loop momentum : [¥ = zp + Gn* + It

with the two light-cone vectors p, n (N = pf”n .
z € [—00, 400] will be interpreted as usual parton momentum

fraction — z € [0, 1]
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v*(@)7(p1) — ¥(q’)¥(p2) process

Tensorial Decomposition

m Amplitude of the v*(q)v(p1) — v(q’)v(p2) process :
A(¢, @) = eueeriess TH0(¢, @),

with transverse photon polarizations €(q), €(¢’), e1(p1) and
e2(p2)-
m Tensorial decomposition at threshold (s = 0) :

ra 1 vV
TS @) = LereWall, Q%)
1 o vV rvo UV
+ 3 (g‘r‘ L grﬁ) W»(¢, Q?)
1 o UV v
+ 2 (8# gTﬁ _g¢ﬁgT >W3(C7 Qz)-

Above threshold, more tensorial structures contribute.
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v*(@)7(p1) — ¥(q’)¥(p2) process

Results and Interpretation

Each 6 diagrams UV divergent but the sum UV finite. Before
integration over z, we get (m : quark’s mass and IR regulator) :

{22—(

z¢

W1 = —|Og

0(z - ¢)

2z—1—q 2z —C ~ 2z—1-C -
T‘%C*Z)Jr 2 H(Z*C)ﬁLTG(C*Z)

Interpretation through QCD factorization within the parton model :

1
(¢ @)=Y [ dz Cile)08(z.¢. @)
9 0

with the usual Born order coeff|C|ent functlon : C\‘} = e2 (% — %)
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The diphoton GDAs

The diphoton GDA ®¢7(z, ()

We can directly calculate the diphoton GDA with
dy iez-
Fiz, O) = [ 5@ Vi () (pla(-5 N)-Na(SN)0)
L . x
= Egﬁ eu(pl)ey(m)q)(ll(zvgvo)

F9 UV divergent : use of dimensional regularization and
renormalization procedure.

00,2, Q7) = S nﬁ[z(zzg_)e(z—of(zzc‘%(zﬂ
222-1-Qp 5 H2Z-1=0ys
c (¢ —2) + : 0(C - 2)

= Factorization is proven
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The diphoton GDAs

b1,(z, (=0.4)
Nc 2 Q2 :
27r2q I m2 e

02 04 0.6 0.8 10 -

-05F

m Only anomalous part of GDAs (logarithmic factors i.e.
2
x log %)
m Discontinuities of ®1(z, ()atz=(and z=1-¢
m But still property of polynomiality for these GDAs.
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QCD evolution equations

Evolution equation (for Non-Singlet (in flavor) part)

Switching on QCD = inhomogenous ERBL evolution equation :

@OV @) = (- )hE0)

+ /d” Vs (u, 2, Q)01 (u, ¢, @)
0

with fi(z, ¢) = % and the usual QCD kernel

Vus(u.2. @) — 0‘5(7‘32)@ [‘Z’e(z—u) <1+Z1 )

+ 29(”_2) <1+ ui2>]+

cf De Witt et al Phys.Rev D 19 (1979) for mhom DGLAP equation
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QCD evolution equations

Solution for large Q?

2
(2., Q) = (¢~ eog yz(1 - 2)

x i LCE/”(zz—l)

Yaa(P)
14’63.4:”2Nf

p impair
where v44(p) are the usual anomalous dimensions

p+1

1 1 1
Yaq(P) = CF (2_(P+1)(P+2)+2Zk)

k=2
and

fp(g)_w [ a2 226z, 0)C c¥?(2z — 1).
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QCD evolution equations

Conclusion

m Factorization of the process v*(q)v(p1) — v(q')v(p2) with
only quark contribution to the GDA : interpretation of the
final state ~~ within the parton model.

m Domination of the anomalous part of GDAs at large Q2.

= Modification of the QED behaviour of 7 by strong
interaction (effect of the inhom-ERBL evolution equation).

THANK YOU
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Annexes

Photonic correlators

dy o, 1)Y
P = [ SLee D% (3 o)) Y (S MY S N)O)

s

2w

- dy o, _1\r =
Fr— [ SLee= Dk o o)) P (S MEN S M),

where FNH = N, FVH.

0

Mixing with quark correlators but these one begin at order ay,,.
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Annexes

Results for quark correlators

UV divergences — dimensional regularization (d = 4 + 2¢).
With % = % + ve — log 4w, we have for the

2
FY = A;irqu#”eﬁ(m)ez(pz) E + log mﬂ F(z,¢),
with
Fe0) = 28—+ ZE -
N 2(22C1C)0(C_ )+ z(2z _1*()9(5_2)
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Annexes

Renormalization procedure

Renormalization of correlators with mixing between quark and
photonic correlators :

(o)~ (2 2)(5)
o7 R Z’Yq Z”W o7

with
@00 = G, L
or (5/(—%N)7-N’y5q()21N), FN“(—%N)?,iV(%N))
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Annexes

Renormalized matrix elements

m Matrix element of the renormalized quark-quark correlator :

<y(P1)y(P2)IORI0 > = Zgq < (p1)¥(p2)| 0710 >
+ Zgy <¥(p1)v(p2)|0O7]0 >
with Zag =1+ 0 ().
m Procedure
< y(p1)v(p2)| 090 >— UV divergent
< v(p1)7(p2)|07|0 > UV finite and of order a2,

= absorption of the divergence into Z,,
m Renormalization condition

<y(p1)v(p2)|OR0 >=0 at Mg =m.
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Annexes

Renormalized GDAs

m As we want to use QCD factorization formula, we identify the
renormalization scale Mg with MEg.

m So, the renormalized GDAs are

¢g(Z7C70) = - 27T2q |OgW’E(Z7 )
F
NC 62 m2 ~

q’g(Z,CaO) = - 2ﬂ_2q IOgW'E(ZvC)
F
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Annexes

Factorization and interpretation

Quark contribution at threshold :

1 1

Wy = / dzCy(2)0](2,¢,0) . Wy = / dzC4(2)®3(2,¢,0),
0 0

with the Born order coefficient functions :

Cq 2 Cq 2
V—eq<__>a 4—eq<+_>
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Annexes

Factorization and interpretation

m Contribution of photonic operator : convolution of a
coefficient function (a2, and at scale M2) with matrix
elements of photonic correlators 07 (a9,,).
= same expressions as W; and W3 with m replaced by Mg.

m Rewrite the integrand in W as :

m? m? M2
f(Z7C) Iog@:}“(z,g) IOgV%+f(z7C) |OgQ7’2:

with the first term — quark GDA of the photon
and the second term — photon GDA of the photon.
m Choice M2 = Q? — scaterring amplitude written solely in
terms of quark correlator.
= Interpretation of this process within the parton model
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Annexes

C-even sector

2 real photons in the final state = study of the C-even (singlet)
sector of the GDAs.
Contribution of these combinations of operators :

2(090a, )~ 0900, 1)) 5(0%x, x2) + 090, )

= combinations for the GDAs &7 :

%z, ¢, 0) = 3(0¥(z ¢ 0)~ iz ¢, 0))

8z, ¢, 0) = (®Y(z, ¢, 0)+ (2 ¢, 0))
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Annexes

Flavor singlet sector

Flavor decomposition into :

m singlet sector

Nf Nf
O oy 0 B x> BT
q=1 g=1

m non-singlet sector
NS q q NS a _ &9
¢ =7 — CD <1> - o7

For simplicity (no mixing with gluons), study of evolution for the
case of non-singlet and vector GDA d)ﬂs.
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