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Q? large >> 1/Rn

Q?%/s =xg; fixed
A% ~ 1/Rn <<Q?

Highly virtual photon interacts with
the quarks and gluons inside nucleon




Breit Frame
q=(0,0,0,Q)
+ =E+P;~Q large
A=A, AL, A

A+ = E P,
Al ~ 1/Rn<«<Q




GPDs

n=(1,0,0,-1)
A = (A+ ’ A_L)

A, ~E P,

e FT[dA]
(V'] 400m) 7o a(=Aap i) -

GPDs to PDF: GPDs to FF:
HY(z,0,0) = f,(z) / e (A




Parton Distribution in Transverse Plane
Density

. of partons
%ez(Albl)H(x,ﬁ =0,A7) = q(z,b1) f

2T in transverse

plane (b ) with given

uy-quark

momentum fraction X
u |
:
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%ﬁ

ﬂucleon GPD at sm ll mom%’rum Transfer

XPT : At large distances plons are the main dynamical degrees of
freedom

Nucleon has large mass my>|Al, my

— static source of pions (pion cloud)

— dominant contribution at
small-t due to the pion cloud
JAN
skewedness § = P—+ ~ My /MN
_|_
mom fraction

iz, s :

large > — light cone distance A ~ 1/my
my

small -~ Za
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Breakdown of XPT expansion at small-x
Kivel, Polyakov '07

Structure of & SU(2).xSU(2)r

chiral expansion a, G < 1 = SU(2)v

H(z,£=0,A1) ~{(x) + > wpd" N (@)af In"[p2 /AT] +
n>0
A2

If gt (47’(‘1:{_)2 <1 small

then the small parameter is compensated by ©-function

(ax)n(s(n_l)(m) = 5(”_1)(x/ax) ~ O(1)




Breakdown of XPT expansion at small-x
Kivel, Polyakov '07

Structure of & SU(2).xSU(2)r
chiral expansion = SU(2)v

H(z,£=0,A1) ~{(x) + > wpd" N (@)af In"[p2 /AT] +
n>0
A2

If gt (47’(‘1:{_)2 <1 small

Resummation ) w,6" Y (x)e
n>0

LLogs accuracy: €= ayIn[l/a,]




the sum of s- and t- channel resonances

Z<oyo< )lRJ>M2 (mRy|T) = Z .’r-channel

s-channel

HGw 66 = - a2zl py (1) 6(s] < fuon (£)

R(1)

E— 0 s 5(l_1)(1‘)
§— 0 [imit:

fRGRTMT R ]
~ E b () - ...
= Gy
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SU(2).xSU(2)r

SRy o f‘-:_j.‘ ‘ RIS | 3 @ — J:‘ifj :
[QCD operafor as a pion probe

LO chiral Lagrangian

1 s
Lool= —§7Ta827r2 = 505’20 L Gl - h

Light-cone 0°(\) = ) g (_1)\ n)
operator 2 2

O~ Olp)ii MO ) B o~ Ol

O°(A) =~ eape Fav, B) * (o An)0. 7 (8 An)
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([logs accuracy! XPT case:  dim[ga~(F)®"

power divergencies

Lessons from 3-loop calc:

to LLog accuracy
only 2-particle - considerable
vertex simplifications

a? In"[1/a, 6" (z)
massless pions
maximal “spin” for fixed dimension

RG in renormalizable case:
LLogs < one loop calc of RG-functions
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([logs accuracy! XPT case:  dim[ga~(F)®"

power divergencies

Lessons from 3-loop calc:

to LLog accuracy

~considerable
@ ay In"[1/a,]6" " (z) simplifications

RG works like in renormalizable case:

I ey Lt romiy g2 g o J3 a6, 2
£:—§770 —8F27T37T —I—@ﬂ'aﬂ' +ﬁﬂf9w + ...

1-loop B-functions of the couplings g3 fix LLog

coefficients
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Chiral Leading Log resummation

XPT
expansion

small chiral parameter PDF moments
AT AT

N2 In

wI
Assume that —

then
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£:£0+i‘/;; 1

o glo—ﬁ

7T

renormalizable for massless pions (no tadpoles)

1-loop B-functions of the couplings
gk fix the LLogs coefficients

d
M@gnr(ﬂ) R ﬁnr(gzk)a 1 <n
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B-functions:

Pi(x) Legendre polynomials
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Checks: reproduce correctly LLogs in all higher
order calculations existing in literature

2-loop LLogs for pion-pion scattering

oop LLogs for em. form factor

oop LLogs for the scalar form factor




Properties Wnp

Hsing (ZC, AJ_)

I=1' a = 0.766, n=F 5=
I=0 a=0.750, n=&%"
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Approximate solutions

W

~ (1 +0.306 e_(”_l)/b) @ =0.7657, b=38,

asymptotic

=
Q
S
Y
N—"
~ =
3
~
)
=
S
S
N—"
~ =
3
2
~
S
a4

e

Q9

v
A
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Approximate solution

Model

v~ g” (1 +0.306 e_(”_l)/b)  a=0.7657, b=S8,

2 L dp
2 9(]x]<ae)/ ab .
3 x| /ae O

1
_0.231 0(|z| < a' €) /

x| /a’e

a=0.766, a'=0.676
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Properties of the solution

Small-x: 4g(z) ~1/2%, w~1/2

Small-t and small-x asymptotic (m;=0)

xw

Hm9 (g, AL )~ — [ Ai)2 ln[(

(47 F;

< i

Hr€g<gj7AJ_) ~ 4 (47-‘-Fﬂ_)4

Phenomenology Regge motivated model

H(z,AL) ~ glz)z=%2L ~ g9 @A0
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Properties of the solution

Small-x: Cj(@ o 1/$w7 Qe 1/2

Distribution of partons in transverse plane (m;=0)

Z_Aei(Ale—)H(iE,g — O,Ai) — Q(.CC,bJ_)
—

bJ_ X0
“naive” NLO result:

1 1 lln[biFg]r

Q(:Ca b_L) o~

b2 2@ | b2 F2 q(z,b,)
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