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Motivation

@ Double deeply-virtual Compton scattering (DDVCS) gives access to the generalized parton
distributions (GPD) that encode the information on the transverse position of partons in the proton
with dependence on their longitudinal momentum.

A N

@ The general framework for the QCD description of DVCS is based on
the collinear factorization in terms of GPDs and is well understood at the leading-twist level.

@ The NNLO analysis of DIS and DVCS has become the standard in this field, so that the NNLO
precision for DDVCS is necessary as well.

@ This implies that one needs to derive three-loop evolution equations for GPDs [Braun, Manashov, Moch
and Strohmaier, 2017;2021] and calculate the two -loop corrections to the coefficient functions (CFs) of
the DDVCS amplitude.
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The spirit of conformal OPE

@ The idea is to consider QCD in non-integer d = 4 — 2¢ dimensions at the intermediate step, for the
specially chosen (critical) value of the coupling o such that the S(a}) = 0 [Braun, Manashov, Moch and

Strohmaier, 2018].

@ This theory is conformally invariant and all anomalous dimensions for composite operators in a
specified MS or MS coincide with the anomalous dimensions of the corresponding operators for
the QCD in d = 4.

@ So that, the contributions of operators with total derivatives are related to the contributions
without total derivatives by symmetry transformations.

@ This symmetry is exact, however, the generators are modified by quantum corrections and differ
from their canonical form.
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Double deeply-virtual Compton scattering

@ The amplitude of the DDVCS process is given by the following matrix element

T;u/(qlv q2;, pl) = l/ d4xeiql.x<p2| T{sz(X)_jim(O)}}pl%

=g, V+e, A+ ..

@ The leading-twist vector amplitude can be factorized as

V(&n, @) = Z / 02 1) Falx €, £, 1),

+ +
g= "9 p=PLTP2 A=ps—p
2 2
A -
q2:_ 27 A2:t7 52 7q
2p-q
@ qg—Q1:§
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The GPD and Coefficient function

@ The GPD is defined by the appropriate matrix element

1
(p2|0g (21, 22)| p1) = 2P / dxe  Pré(ata)tiPxa—2) oy €))
—1

of the light-ray operator
Og4(z1n, zon) = q(z1n)fh{z1n, zan]q(2z2n).
@ The CF can be calculated in perturbation theory
Clx/n,w, @, ) = CO(x/n) + asC (x/n, w0, @ /1) + a2 CD (x/n, 0, @ /i) + ...,

where

Cm)(f):: L
n/ n—-x n+x

and so far knows up to NLO.
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General framework

o Firstly, we consider the DDVCS process in a generic d = 4—2¢ dimensional theory, then
C(x/n,&/m, a5, €) = Co(x/n) + asCV (x/n, &/, €) + a2 C2 (x/n, &/ ),
CW (x/n, &/m,€) = CR (x/n,&/n) + eC8D (x/n, & /n) + € CD (x/n, & /),

@ Secondly, the CF at the critical point C. = C(af,€) can be expanded as
C.(a) = Clas,e.) = CO 4 a, Y 4+ 22¢% + 0(2),

with the condition 3(af) = 0 so that af = a¥(e), that is

* . % 11 2
€x =¢€(a;) = — (5085 + 61 (35)2 —|—...), Bo = ?NC_ 306

@ Then, we can obtain

cv — kal), c? — Cf) +50C(1’1)-

@ The coefficients dk) can be related to the known CFs for DIS by conformal invariance.
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Conformal operator product expansion

@ The most general expression for the OPE of the product of two electromagnetic currents to the
twist-two accuracy

o0 s ) = Yt [ = San (e - i)

N, even X2
+ Bn(u)g"” + Cn(u)x120% — Cn(u)x505 + DN(u)X%QCP)'fC’);}Oﬁz"'X” (x31),
where OF*(y) = Xuy - - XuyON M (y), ON#¥(y) are the leading-twist conformal operators

Oxl...u/v(o) _ I-N—la(o),y{ﬂl DH2 . D/"N}q(O)

@ It transforms in the proper way under conformal transformations

.. 0 0 0 0 . x
K., On*(y)] = <2}’uy By -y oy + 28wy, + 2y (XMW —Xu§>) On " (y)-
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Conformal operator product expansion

@ By using the conditions of conformal invariance and current conservation 0" j, = 0 lead to constraints on
the functional form and also certain relations between the invariant functions An(u),. .., Dn(u)

AN(U) = aNu""’*le"’*%
Bn(u) = btV N
Ydv b
_  N—1 av in—in—2 _ bn
Cn(u) =u /u VN\/"’\/"’ (CN ” )7

1
Dn(u) = —ﬁ dv(ww)n !
0

Joa )" o (@) (o )

@ The coefficients cy and dy are not independent and are given in terms of ay and by

(v — 1)an = 2tn(cn — bw),

. 1 . .
2(]1\/ — 1)0’/\/ = 753N(N7JN) — ’YNbN —+ (JN — 2+ 2tN)(CN — bN).
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Relating DIS and DDVCS

@ The general matrix element of the conformal operator is parameterized as

. N k
(P2]Xuy - - - Xuy Ot MM (ux)|p1) = e'“A'XZ (— %) fx()gk(x- p)VK(x- Ak,

k=0

@ The conformal OPE for the forward matrix element

OIS / oxe™ % (p| T (ju (x)}, (0)] )
:NZ fN(Qg;I> (~ g0+ %) 6 (1 % o)

_|_

(. + 2XBPH2)§‘7V + 2xspy) Cz( ¢ as, e*ﬂ :
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The general OPE form of the two-point correlator

@ For the DDVCS, the conformal OPE of the matrix element is changed as

TODVES (5 by 1) = i / ddxe*’q1*<pz|m<x>ju<0)> Ip1)

N/l Nz T w
=@ () (155) R gz 1)
2
x [Cl(N,%,as,e*)(—g,“,)+...],
@ this leads to
1 Ny 1o N3 Q? 1. . 2
V(& @) = % f/v(ﬁ)(m) (m) e (N, PR 6*>2F1(N+ PRACRILE Hiww)

@ For w =1, it will be reduced to the well known DVCS case

Q? I'(§ - DI(2)w)
502 ZfN ( )C1(N,F,a5,e*)m+jﬁl)
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Coefficient function in momentum fraction space

@ The factorization formula

1
VE=1,Q*) = /1 dx C(x, @) Fy(x, 6 = 1) = /

1
dx C(x, Qz)Fq(x,f =1).
1

@ The CF and GPD in conformal scheme

1
Coent/@) = [ e
1
o) = [UF)(x) = [ dij,x,f)ﬁ,(%,o.

-1

@ The constraints from conformal invariance for light-ray operator

I'N—l
O(Zl7 22) = Z
Nk

Ty vamk( S () 2ty 9L O(0),

where the conformal generators S (yy) = S + (21 + z2) (—€x + 2vn) and satisfy the RGE
(10, + H(as)) [0(z1, 22)] = 0.
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Coefficient function in momentum fraction space

@ The GPD in conformal scheme

<pl‘0(z 2)|p) =P Z onfn(§) i " 1WN/1 dxe—f5P+(21+zz—lez)P(AN)(X)
1,42 + — (N—l' 2€ 9 . N—1 ’

1
= 2P+/ dXe_iP+[Zl(g_x)+z2(x+f)]F(x, & t).
1

1
An—3

with P (x) = (%) GV 1 ().

@ Comparing the two sides of the this equation
ONWN A
F(x,&=1) = 422,\, T fN(§:1)P§V_N{(x).

@ It means that
1

VIE = 1w, @) = 42 e f”w"’ il = 1)/ dx C(x,w, Q)P (x).

-1
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The master formula

@ We have obtained the vector amplitude from different side at £ = 1
2

e =100 = S e = (1) (1) e (1 L)
2w

X 2F1(N+ 27N7JN, 2jn; l—l—w)
D(2jm)I(2An) fu(€ = 1) / )
dxC s) Py (x).
4ZQN T+ 2 DTN =1+ 2w) X (XW7Q a) N1 (%)

@ Then we can obtain the master formula
QF()\N + %)F(N -1+ QAN)FUN)
O’NF(QAN)F(QJ'N)

2w \N 1 3IN 1
X | — - F (N - i Qe
(1+w) (1+w) 2F1 ( +2’YNaJN7 N

1 2
/ dxC(x,w, @, as)PE\ﬁ"’f(x) = G (N, %, s, €x)
-1 14

2w
1+w)'
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Reduced to the DVCS case

@ The master formula for DDVCS

! 2 M Ay + DTN =1+ 22T
/ dXC(X’w’ Qz’ as) Pg\i\—lvi(x) = Cl <N’ %7 ds, 6*) ( : + 2) ( + N) (JN)
1

1 O'NF(Q)\N)F(QJ'N)
2w \N/ 1 \EwW 1 2w
X (71+w) <7l+w) 2F1(/V+ =YNs NG 2JN; Tt )
@ For w =1, it is reduced to the master formula for DVCS
2 o4 — 1)I'(A 1r/v—1 2\
/ dxClx, Q2 a) PO (x) — C1( 02,85,6*) (5 — DI+ 3)I( +2\n)
M UNF(QAN)F(JN —|— 5 — 1)
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The general solution of the master formula

e To leading order, Yy =0, Ay = 3, Gi(N) =1, oy =1, the CF is

1 1
1—-x 14+x

CO(=1,x =

@ The following step is to construct the full CF by the convolution of the LO CF C(©)(x) with a
specific kernel K(x, X)

Clx) = / 11 dx CO (XY K(X, %),
this kernel is defined as
/ dX K(X, )P (X)) = K(N) P (x).
o This leads to

/ " (0P () = K(V) / |/ CO )P () = 2K (M BOw + .
-1 1 2 2
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The general solution of the master formula

o Comparing with the master formula, we can extract out K(N)

K — G(N. %, a5, e) T(2 = )T+ Ay — 1)
) = oN INOYE *)P(JN'F g-1)

@ This kernel has very perfect form in the expansion of ag

2
K ( )—2CF{(WN)+2> +gN(N1+1) Z}

with H(l)zll\l2—1 = '3(1)2,1\’2 ! 7'[4-2,1\1271 = N(Nl+1)z,1V2 h

@ The kernel in the momentum fraction space

KiRcs (X0 = 2Ce (BW(¢,0) + 500 =) + FH (4.0 = 360/ )
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The general solution of the master formula

@ Where the kernel has the form

;o 4 , 1-7
H.‘.(z,z)fﬂ(z—z);—l—@(z—z)l_z,
= 2T 1 L 1-Z] 1 ) )
H(z,z)——ﬁ(z—z); L_Z,L_-i-@(z _Z)l—z L_Z,L——(;(Z_z)(lnz"‘lnz)’
Withz:(l—x)/2,]1jﬂ:7:[\—7-[+—%.

@ The NLO coefficient function in conformal scheme

cWx) = [}1 dz/(1 — i)K(l)(x/,x),

z z

@ we need to transform it back to the MS scheme

C(x):/ dxX C(XYU(X, x).

—1
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@ Based on a non-traditional approach, we are trying to calculate the coefficient functions for double

deeply-virtual Compton scattering up to NNLO.

@ The general framework for the calculation of CFs is in the OPE of two electromagnetic currents using

conformal symmetry of QCD at the Wilson-Fischer fixed point in non-integer dimensions.

@ This approach avoids the computation of complicated mater integrals in traditional loop calculations.
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@ Based on a non-traditional approach, we are trying to calculate the coefficient functions for double

deeply-virtual Compton scattering up to NNLO.

@ The general framework for the calculation of CFs is in the OPE of two electromagnetic currents using

conformal symmetry of QCD at the Wilson-Fischer fixed point in non-integer dimensions.

@ This approach avoids the computation of complicated mater integrals in traditional loop calculations.

Thank you for your attention!
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Back up: The conformal symmetry and generators

e The dilatation (global scale transformation) and special conformal transformation [Braun, Korchemsky
and Muller, 2003]
X+ at x>
1+2a-x+ a2x2’
@ The full conformal algebra in 4 dimensions includes fifteen generators
P, (4 translations )
M,,., (6 Lorentz rotations)
D (dilatation)
K,, (4 special conformal transformations)
@ The commutation relations that specify the conformal algebra

i[PuaPV] =0, i[MaB7Pu] = 8ouPs — 83, Pas

Mo, Myw] = 80, Mpu — 85:Mav — 8 Mgy + 85, May,
iD,P,=P,, iDK,]=-K,,
[
[

X X = A, X X =

iMaBa Ku] = gauK,ﬁ‘ - gﬁuKou i[Pua Kl/] = _2g/wD + 2M/w7
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