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The photon structure functions F, and F'

High energies = photon’s point-like component dominates its hadronic-like
component = F,” and F" are perturbatively computable

They have unique features:

e Scaling violation already in the PM for F,’  waish and zenwas 1973, Kingsiey 1973

2
F/(x.Q%) =F/(x)In 55 + .. F)(x) =

o 2Zexl 2x 4 2x?)

e PM gives wrong scaling violation magnitude and shape  witen 1077
What about generalized parton distributions?

DIS — inclusive — cross-section — imaginary part

DVCS — exclusive — amplitude — imaginary part + real part
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From now on we put Ay =0

Aim: extract PM analytical expressions for the GPDs from the typical integral
representation of the amplltudef dx f(x,¢,Q3?)
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The amplitude of the process v*y — v is

- % * praf
A= eue, e1a65T ,

where €(q), €*(q’), e2(p1) and € (pz) are transverse and
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The amplitude of the process v*y — v is
A= eue;*elaeEBTWaﬁ,
where €(q), €*(q’), e2(p1) and € (pz) are transverse and

R N

ro 1 v « v rvo
T(Ar =0) = 797 97PWy + = (94‘ 9v” + gt gt

+7 (08707 — o707 W,
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O@0000

The amplitude of the process v*y — v is

- % * praf
A= eue, e1a65T ,

where €(q), €*(q’), e2(p1) and € (pz) are transverse and

T (B = 0) = Gor e Wa + g (0807 + 0 0f” — 007" W

+7 (08707 — o707 W,

The loop momentum is k = (x 4+ &)p + Gn + kr
and the integration measure

d*k = fdxdﬁd kr = —dxdﬂdkz

2
wheres =2p-n = %.

We want to compute the W; in the Sudakov kinematics
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The box diagram and W,
REAL PART

Re WP is proportional to the real part of

dx dg dk® TrA;
[(k +a)? = m? +in][(k — p1)? — m? +in](k? — m? +in)[(k + A)2 — m?2 +in]
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[e]e] le]ele]

The box diagram and W,
REAL PART

Re WP is proportional to the real part of

/ dx dg dk® TrA;
[(k +a)? = m? +in][(k — p1)? — m? +in](k? — m? +in)[(k + A)2 — m?2 +in]

where

~ ~

TrAL = T (K + 8 + m)yuy (K +m)yf (K — Pr+ m)ay (K + +m)].

e Integration over 5 = DGLAP (£ < x < 1) and ERBL (—¢ < x < &) integrals.
e Integration over k= UV divergent

This leads to
2

box (x*+(1- )2 X+&)(E—2x+1), m
Rew: /dx s (1 €)(E - '°g /dst£1+e)(x—§) 09 5z

+ div.
with restriction to the logarithmic terms.
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The box diagram and W,

IMAGINARY PART

By Cutkosky rules, we get

2
. 1M 2 =2 2
. i 2 dx (X X< —
Disc W™ = 7e3Nc/ ¢ (" + 5 &)
T 5*2% X —& 1-¢

. b i 4 (1—5)2 m2
=2iZm Wlo>< = —;echfg log & )

with restriction to the logarithmic terms.
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Total PM result

e No contributions to the imaginary part from other diagrams

e 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 ”Q’—i
= Handbag dominance preserved
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[e]e]ele] Je]

Total PM result

e No contributions to the imaginary part from other diagrams

e 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 ”Q’—i
= Handbag dominance preserved

e UV cancellation is realized for quarks diagrams separately from anti-quarks
ones
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Using
1 1 .
X:t§$i77:P(X:t§):F|mS(Xi€)
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+ole—xue 0 gk - G i
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Using

we get

W, =
+

Similarly

W; =

DVCS on a photon and generalized parton distributions in the photon

DVCS on a photon

QCD factorization
O0000e oje]e]

1 _p
xEEFin  (x£)

Find(x £ &)

eiNe [1 2x X2+ (1 —x)? - ¢
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Using
1 .
X:t§$i77:P(X:t§):F|mS(Xi€)
we get
_ ech L 2X B x2+(17x)27§2
Wi = o /_1dx(><—§+i77)(x+€—in) [Q(X 2 1-¢2
_ 2 2 g2 2
o xole e k- G E T
Similarly
_ &Ne [* 2¢ X (-xP-¢
Wo = 2m /_1dx(><—§+i77)(x+€—in) [O(X 2 1-¢
_ 2 2 2 2
- 9(5—X)9(£+X)i+2 +0(—x — €)% (ifzz) 'f]m%

and W, is zero.
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QCD factorization of the DVCS amplitude on the photon
Let us consider (from OPE)
d ixz =
Fi— [ Se0m)la(- 5N NN (p)
and d
Z _ixz z N, Z
FP= [ SO (- 5N (5N)gr i (p)

where N = n/n.p and FN* = N, F"~,
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QCD factorization of the DVCS amplitude on the photon
Let us consider (from OPE)

dz _.z z
q _ Uz ixz ’ £ £
Fi— [ Se0m)la(- 5N NN (p)
and q
Z _ixz z wNZ
FP= [ SO (- 5N (5N)gr i (p)
where N = n/n.p and FN* = N, F"~,
To zeroth order in as,
FP = —geu(pr)es (p2)(L — €)6(1 +x) +6(1 —x)] -
and
Fi=

Nc e? v « 1
o e PP | £+ loam’ | F(x.),
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QCD factorization of the DVCS amplitude on the photon
Let us consider (from OPE)

Fi— [ Se0m)la(- 5N NN (p)
and 4
FP= [ SO (- 5N (5N)gr i (p)

where N = n/n.p and FN* = N, F"~,
To zeroth order in as,

FP = —g”eu(pr)es (P2)(1 — €9)[6(1 +x) + 6(1 — x)] -

and ,

P = Tt e pei(p) | £ +loam’| F(x.9),
with

2 2 2 2 2 2
F(x,6) =~ +(1:X2) —¢ o1 > x > £)— 2 +(1J_FX2) —¢ 0(—¢ > x > —1)

1-¢ 1-¢
x(1-¢) B
+ 1 e 0(& >x > =¢).
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QCD factorization of the DVCS amplitude on the photon
Let us consider (from OPE)

Fi— [ Se0m)la(- 5N NN (p)
and 4
FP= [ SO (- 5N (5N)gr i (p)

where N = n/n.p and FN* = N, F"~,
To zeroth order in as,

FP = —g”eu(pr)es (P2)(1 — €9)[6(1 +x) + 6(1 — x)] -

and ,

P = Tt e pei(p) | £ +loam’| F(x.9),
with

2 2 2 2 2 2
F(x,6) =~ +(1:X2) —¢ o1 > x > £)— 2 +(1J_FX2) —¢ 0(—¢ > x > —1)

1-¢ 1-¢
x(1-¢) B
+ 1 e 0(& >x > =¢).

There is a renormalisation mixing of these operators
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Choosing that for Mr = m we have F% = 0, then

N LV
Fa = 4°2“94 € (Pr)eu(p2) log 17 F(x &)

DVCS on a photon and generalized parton distributions in the photon



Introduction photon QCD factorization

] Je}

The renormalization scale is identified with a factorization scale Mg.
Choosing that for Mr = m we have F% = 0, then

N LV
Fi = 4°2“94 € (Pr)eu(p2) log 17 F(x &)

We can define the generalized quark distributions of the photon H(x, ¢, 0) as

}g = _g‘ilfyelt(pl)e;(pz)Hf(X? 57 0) B F l“/pN (pl)elt(pz)Hg(X7 67 0)

because with this definition
1 1
w/ :/dxc\‘}(x)Hf(x,g,O) , wy :/dxCﬂ(x)Hg(x,f,O),
—1 —1

where

1 1
q - _2 2
v e“<><—£+ini><+§—in)

and we recover part of the direct amplitude calculation, since
2

m? Mg
InQz _InMg +InQ2
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[e]e] J

2
The In %; contribution corresponds to the "photon content of the photon™

One can choose MZ = Q? to eliminate it = partonic interpretation of DVCS
amplitude (at LO)
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Conclusion

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

e These GPDs can in principle be measured

To go beyond this analysis, one can
e keep At non-zero

e get QCD corrections from evolution equations with an inhomogeneous term
(scaling violation term)  pewit etal. 1979
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