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DVCS

o Deeply Virtual Compton Scattering: v*(¢) N(p) — v(¢’') N'(p")
Miiller 94, Ji 96, Radyushkin 96
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DVCS and CFFs

@ The leading twist approximation

Ay = —giyv + ejl,A + power corrections

@ Parametrize amplitudes 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
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and similarly for £, and also for #,E, but with different Coefficient functions 5,1, 59.

GPDs are normalized to PDFs in forward limit
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CFs at LO and NLO (Vector Amplitude)

Coefficient functions for quark and gluon

Oy = C + a0V +a2C{? + 0(ad),

Cy = asC§Y +a2C2 + O(as), as = as /4,
LO and NLO CFs
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Ji, Osborne, 98, Noritzsch, 04
z:%(l—ac)7 L =1In(Q?/u?), zZ=1-z.
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CFs at NNLO (Vector Amplitude)

Braun, Ji, Schonleber, 2022
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CFF

Mellin-Barnes representation for CFFs
Miiller, 2006, Miiller, Kumericki, Passek-Kumericki 2007
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0

N = j — 1 - Lorentz spin of local operator G;a) - Gegenbauer Polynomials

Fj(&,t, 1) - Conformal moment of GPD F' C,;(Q*/1?) - Conformal moment CF
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General Procedure

o Observe that GE\?/Q)(z) = 222G53£21)(1 — 2z) are eigenfunctions of SL(2,R)
invariant operators H:

1
/ dz'H(z, z’)GS\?/z)(zl) = ENGS\?/z)(Z)-
0

o If My[f] = fol dzf(z)GS\?/Q)(z) is Gegenbauer moment of a function f(z), then the
Gegenbauer moment of

1
e = [ rEmE )
0
is given by the product
My[f"] = Mx[f]EwN.

o Can use this to construct a basis of functions f with known Gegenbauer moments.

@ Explicit expressions for integral kernels H(2', z) difficult = Position Space!
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General Procedure (Position Space)

@ Action of SL(2,R) invariant operator on a function of two position space variables
[H(h) ] (w1, w2) / da/ dB h(r wlg,wzl) wiy = wiatwaa, T = af/(ap)

Eigenfunctions satisfy [H") W% ] (w1, ws) = Eg\?)\P%(wl,wz) and can be chosen as

1
R (wr,w2) = / dz e P TR G2 (),
0

Eigenvalues are E](\?) = fol da foa dBh(T)(1 —a — B)N ! and do not depend on p.
Integrating over p one obtains eigenfunctions of the form

1
‘IJS\J;)(’LUL’LUQ):/ dzf(wlz+w22)Gf,’/2)(z).
0

Applying H"™ and sending w1 — 1, w2 — 0, get

) = HM f)(z) = / da/ dB h(r) f(za+zB). HyperInt, E.Panzer, 2014
0 0

o Gegenbauer moments of f and f" are related as
My[f"] = EY Mn[f].
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Quark CFs

o Want to find Gegenbauer moments of functions

FE(2) = LHp(2) £ LHA(2), FE(2) = LHon(2) £ L Ha(2),
z z z z
where  m = {ma,...,m:},my € {0,1} and H,,, are HPL.
o Define M (N) = My[FE], ME(N) = My[F£] are nonzero for odd (even) N.
o Calculate Gegenbauer moments for functions of weight one, m = 0: Apply H™
HVFY = HY (% + 1) =— (h’fz + 1“—5) = —Fg,(2).

z z z
o Eigenvalues are EJ(VI) =1/N/(N + 1), so that

- 1
M =————.
{0} N(N +1)

o A special invariant operator H (h(7) = 04+(7)) has eigenvalue 25 (N) and

=~ 4+ Inz+1Inz + =4
HF{}(Z) =TT T *F{o}(z) - F{o}(z)

which gives
+ Ves
M{O}(N) + M{O}(N) = —251(N).
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Higher weight

For higher weight apply operators H®5+) again to weight one functions and so forth:

o Weight 1: kernels 1,4 <« N<N+1 ,251(N).
o Weight 2:

1®1,04+ ®64,106+,7 < m» (251(N))?, ir?;l\r(fl)) ,(—DN[25 5 (N) 4 Co]
°

Iteratively to desired weight. At weight four need a 16 independent basis functions,
equivalently invariant operators.

o Kernels needed at higher weight are linear combinations of

n(r) = {FHn(r), ZHa(r)}

= Express CFs as linear combinations of basis functions with known Gegenbauer
moments.
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Conformal moment of pure singlet contribution

c®
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S, = Harmonic Sums, H = m
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Gluon contributions

What's different for the gluon?

o Gegenbauer Moments calculated as

1
Ml = [ @GR 6, 6806 =60 - %),
0

@ CFs are combinations
1

22

1
z2

GE(2) = Hm(z)igisz(z), GE(2) = Hm(z)jzz%Hm(E).

@ Invariant kernels can be written as (1 — a — B)h(7), so that action and
eigenfunctions are given by

1 a
HO) ) (wr, ws) = / do / dB(1 — o — Ah(r)p(wi wl)
0 0
1
W, (wr, wn) = / dze™ P02 /D )
0

() = / do / 4B (1~ o~ BYh(r) F(wl, ul).
0 0

Patrick Gotzler (UR) Conformal Moments at NNLO 13/13



