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DVCS

o Deeply Virtual Compton Scattering: v* N — v N’

Miiller 94, Ji 96, Radyushkin 96
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DVCS and CFFs

@ The leading twist approximation

A = —gi,,V + ejl,A + ...

@ Parametrize vector amplitude in terms of Compton Form Factors (CFFs)
Diehl 03, Belitsky, Radyushkin 05
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Factorization and Coefficient Functions

CFFs can be factorized in terms of GPDs

GPD factorization

g’taQ Z/ x/ﬁ 1 /Q2 048( ))Hq(x7£7tuu‘)
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—il
and similarly for £
HlZ(xrovowu') =q(a:,,u), Hg(x,0,0,u) :Ig(wvﬂ)

GPDs normalized to PDFs in forward limit
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CFs at LO and NLO

Coefficient functions for quark and gluon
Cq = O + sV + 20 + O(ad),
Cy = asC§Y +a2C2 + O(as), as = as /4,

LO and NLO CFs

_ e2(1—2z)

4 22z

oY = 63%{4Lz In(2) + ZIn2(2) + 321In(2) — (2 ¢ 2) — 3(1 — 22)(L + 3)}

()
Y 42272
Ji, Osborne, 98, Noritzsch, 04

{2L22 In(z) — 22In2(2) + 22(1 + 2) In(2) + (z « 2)}

z=1(1-2/¢), L=1In(4*/Q%), Z=1-=z

Patrick Gotzler (UR) Conformal Moments at NNLO

FOR2926 workshop, Regensburg, 29-30 July 2024



CFs at NNLO

Braun, Ji, Schoenleber, 2022

0,52) = % [egC’F (C’FCJ(VF; + CACI(\,AS? + ,3005\?;)) + (Zeg,)TFC’FC’PS]
o
(Z.4)
C£]2> = WTF (CFCESF) + CACf]A)>. H,; — Harmonic Polylogarithms

Cps = L? [ —8(z — 1)Hy o + 4H; (4;;2 — 52+ 1) + 4Hoz(4z — 3) — 8Haz + 8424
+8L [z(4z — 3)(Ha — Ho o) + (z — 1)(42 — 1)(H1.1 — Hy,0) — 22Ha 1
+2(2 = 1)(Hu,0,0 — H1,1,0) — (262 — 3) Hi(2 — 1) — 3Hoz + 2Hyz — (22(42 — 3)]
+16(z — 1)( — Hi,0,0,0+ Hi1,1,00 + %Hl,l,l,o) + 8z(4z — 3)(Ho,0,0 + H2,1)
+8(z — 1)(4z — 1)(H1,0,O A HMJ) —4(z — 1)(4z + 5)H1.1.0
+ 162( — Ha 11+ 5Hoo+ Hs — ZHz,o) - 8((2 - 3)(2 —1)Hia

—16(z — 1)2Hy 5 + 4(1 — 2)Hy 0 — 8H0z(2(2z + 5) — 4Hsz(4z — 9) — 8Hyz

—4H (2 — 1) (z(gs - 5) + Ca(dz + 5)) —4Haz + 4z(2g§ +Co — 3C3(42 + 1)).
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CFF

Mellin-Barnes representation for CFFs
Miiller, 2006, Miiller, Kumericki, Passek-Kumericki 2007

c+ioco
VELQ) = Y / g7 it tan(m)/2)] Cag (Q/ 1) Hays (6,1, 1)

a€{q,g} "¢

1
Coi(@Q/p) = / dz22CD (1 22) Co(2, Q/p) =1+ a5 C) +a2CP) + ...
0

1
Cod (Q/p) = / dz 2200 (1 - 22) g2, Q/m) = asCL) +a2C) + ...
0

C](-a) - Gegenbauer Polynomials
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Invariant kernels approach

Consider only quark pure singlet contributions

Two special sl(2, R) invariant operators: H, Hy

Their eigenvalues Hs 25 (), Hy—1/j(j+1)

E\‘%

o _
z =ZzZ1x az
=5 “l2 10+ az2

1 &
Action of operator [H, f](z1,22) = / da/ s w(r)f(zf‘2,z§1), T=
0 0

1 a
Choosing f(z1,22) = 21 gives eigenvalues E, (j) = do dBw(r)(1—a—pB) 1t
12
0 0

Invariant kernels for sl(2,R) invariant operators (1) <> H, 1+ Hy

7 ! 51(4) _ . .
Imro-—rrnz BTe gy oY) +6) et

Patrick Gotzler (UR) Conformal Moments at NNLO FOR2926 workshop, Regensburg, 29-30 July 2024



Invariant kernels approach

Eigenfunctions:

1
\Ilﬁ.)(zl, z2) ~ / dxefip(zzlJriZ?)x:Y:C](.i/f)(1 — 2x)
0

© Normalization

oo 1
/ dzl\Ilﬁ(zl,O) ~ / dz— (me(3/2)( 2:1:)) =1
0 0

oo 1
/ dzl[Hw\Ilg](zl,O) =E.,(J) = / dx fo,(z) (micj(.i/f)(l — 2x))
0 0

m)—/ da/ d,@x:g:ﬁx
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Moments, Kernels, Hyperlogarithms

Eigenvalues and conformal moments are related using the following statement

If fw(z):f dafo dBw(r)f(za +BT)  then  M;(fu) = M;(f)Eu(j)

1 1
From the CFs we obtain f(z) = H (z) X (1, — ) Hyperint , E. Panzer, 2014

1
We want to calculate conformal moments of functions —H,3 (x) up to weight 4,

- ({0},{1},{0, 0},....{0,0,0, 0}...,{1,1,1,1})
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Moments, Kernels, Hyperlogarithms

@ Level 0 one function: 1/x.; Its conformal moment M(j) =1

@ Level 1 Two HPL functions: Hg, Hy

and two invariant kernels H — S1(4), Hyvw—n(i)=1/5G+1).

i = - (At + B (@),
H+% _ %(CHO(:C) +DH1(x))

(&) =@ 2) Gee)
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Moments, Kernels, Hyperlogarithms

® Level 2: Four HPLs Hog, Ho1, Hig, Hi1. Kernels S2, nS1, n? plus (—1)7S_2(j)

52(3) A o A Moo (5) Foo(j)
BN R T L R
S_2(7) An o A Mi1(5) F11(5)

o Level 3: Eight HPLs Hooo, . .., Hi11. Eight kernels S3,...73, (=1)7S_2(j) x (1, S1) plus
Sz and Q1 _o = (—1)7(S1,—2 — 1/25_3)

@ Level 4: Sixteen HPLs. Three new kernels (—1)7S_4, Q13=251,3— %54,

(—1)7 (91,1,72 =S1,1,-2 — %52,72 - %51,73 + iSAL)
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Conformal moment of pure singlet contribution (Preliminary!)

Cps(j) =| — 85-4(j) — 45-2(j) — 16(=% + G2 +25-2(j))S1(4)” — 4¢252(j)
—16S1,-3(5) +16¢251,1(J) — 1652, _2(j) + 3251,1,-2(4)
2 2 ) ) . .
+ TF2)B+2) (6(81 +8j —7)S—3(j) — 6(10 —Ca+45(1+5)(C2 + 2(¢s — 5))

—12¢5 +12(85° + 8j — 5)S—-2(3) ) S1(4) + 851 ()° — 4(65° + 65 — 7)Ss(j)

+12(85% 4+ 85 — 7)5_2,1(3'))] +L [ - %(f 2+¢+ 65_2(j))sl(j)

165(1 + 5) , . . 3
GG (G 2E-20 -2 =816 -2

= 3L +2))(S-2(j) = 51()*) = (=1 +2))5:1(j + 2))] +L? [— 85-2(j)
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Gluon contributions

What's different for the gluon?

@ Gluon CF at NLO and conformal moment representation in terms of Gegenbauer
polynomials

(2.)r

(1 _
Cg - 42272

{2Lz2 In(z) — 2° In*(2) + 22(1 + 2) In(2) + (z & 2)}
1
Coli) = [ = CP 0 =29 Cyle) = 0O )+ 2O ) +
0
o fu(x) = [, da [ dBw(r)f(za + BZ) still holds, but
afw(r)
/ da/ W ar par

o Eigenvalues now calculated through

B.(j) = / da / " 4B~ - B ()

Can use previous kernels by replacement w(7) = (1 — 7)w(7).
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