Deeply Virtual Compton Scattering: Precision Frontier

V. M. BRAUN

University of Regensburg

Ecole Polytechnique, 07.09.2015

V. M. Braun (Regensburg) DVCS: Precision Frontier Ecole Polytechnique, 07.09.2015



In this talk:

o Eliminating gauge and frame dependence (target mass and finite-¢ corrections)

V. Braun, A. Manashov, D. Miiller, B. Pirnay, Phys.Rev. D89 (2014) 074022

@ Towards three-loop evolution equations for GPDs

V. Braun, A. Manashov, S. Moch, M. Strohmaier, work in progress

V. M. Braun (Regensburg) DVCS: Precision Frontier Ecole Polytechnique, 07.09.2015



Planar vs. non-planar kinematics

® paradigm shift: finite ¢ a “nuisance” — important tool

DVCS

Many choices possible:
Define (p, q) as longitudinal plane: p = (po, 6L7pz), q = (qo, 0,, qz)
- or
(po, 01, pz)

. p+p =(R,0.,P), q=(q,0.,4q)
(‘107 0., Qz) etc.

P

= parton fraction = Bjorken x = parton fraction 2¢ = 1:3[1—%—(9(%2)],
redefinition of helicity amplitudes

® Ambiguity is resolved by adding “kinematic” power corrections t/Q2, m?/Q?
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“Photon” reference frame

Braun, Manashov, Pirnay: PRD 86 (2012) 014003

¢ =-Q°7 _j;:” q>=0 longitudinal plane (g, q’)
7\ )
. / _ Q /
n = n= + —
) y q, it

with this choice A = ¢ — ¢ is longitudinal and

2 2 t1-¢°
|Pi| =—-m — Z 52 ~ tmin — ¢
where
_1 / __(Aa-d) _ zp(1+t/Q%)
P*2(P+P)7 E€BMP = 2P q)  2—apl—t/Q7)

photon polarization vectors

el = (qu—quq/qq )/\/—q ,

E=(Pr +iPr)/(V2IPL)), PL—ecb pv
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Relating CFFs in the laboratory and photon reference frame

]_-Iab o ]_-ihit + g |:]_—phot +]_-phot:| — 0 ‘7_-(|Jaiot7

J—_.(I)ai — _ (1 + %) fgiot ¥+ 0 |:]_—phot _’_J—_-phot}

(Fe{ne 8

where
0 ~ A/ (tmin — 1)/ Q?, 5~ (tmin — £)/@°

and different skewedness parameter

TB 5phot _ zp(1 + t/QQ)

glab ~ Vs _
T 2— 13 ’ 271’3(1715/@2)
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Defining the Leading Twist approximation

‘ Kumericki-Miiller convention (KM) ‘ ‘ Braun-Manashov-Pirnay convention (BMP)
h h
FE = To®F, Fip = T . 5t = To®F, FE =
LTkwm : 1ab i BMP = pohot _ ¢ gphot
F23 =0, Exkm = 5 -+ =0 BMP =

4

]:Iab = (1+§) To®F, Fot+ =20 To®@F
LTemp : lab _ s
F2L =5To®F, & = &pmp,
o Changing frame of reference results in
— Different skewedness parameter for a given zp

— Numerically significant excitation of helicity-flip CFFs

e Different results for experimental observables
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What is “the best” reference frame?

e For many observables,
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“photon frame” LT calculation is very close to full twist-4

Braun, Manashov, Miiller, Pirnay: PRD89 (2014) 074022
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Figure: Unpolarized cross section [upper panels] and electron helicity dependent cross section
difference [lower panels] from HALL A (old data) compared to the GK12 GPD model
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M. Defurne et al

. [Hall A Collaboration] arXiv:1

M. Defurne et al. [Hall A Collaboration] arXiv:1504.05453
: —t=0.17 GeV*

—t =0.23 GeV? —t =0.28 GeV?
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e TMC* refers to the calculation that includes full kinematic twist-4 corrections
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M. Defurne et al. [Hall A Collaboration] arXiv:1

M. Defurne et al. [Hall A Collaboration] arXiv:1504.05453
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e TMC* refers to the calculation that includes full kinematic twist-4 corrections
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Summary of this part:

e noncomplanarity makes separation of collinear directions ambiguous

— hence “leading twist approximation” ambiguous

— related to violation of translation invariance and EM Ward identities
e Complete results available to ¢/ Q?, m?/Q? accuracy

— translation and gauge invariance restored

— for many observables, complete results close to LT in “photon frame”
e Must be taken into account in all studies aiming at 3D proton structure
e Outlook:

— all twists in LO, exact translation and gauge invariance
— small z, matching to the BFKL formalism

— NLO
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Three-loop evolution equations

V. Braun, A. Manashov, S. Moch, M. Strohmaier, work in progress

e DIS: NNLO

Moch, Vermaseren, Vogt, NPB 688, 101 (2004)
Vogt, Moch, Vermaseren, NPB 691, 129 (2004)

e DVCS (GPDs): NLO

Belitsky, Miiller, NPB 527, 207 (1998); ibid. 537, 397 (1999)
Belitsky, Freund, Miiller, NPB 574, 347 (2000)

e Can one close the gap?
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e D. Miiller, '94-'00

— off-diagonal elements of the n-loop mixing matrix are determined by
the (n — 1)-loop conformal anomaly

Usual (vague) conjecture:
Q _ Qconformal + B(g)AQ
9
— D. Miiller: valid in a special (conformal) scheme

— A different interpretation (VB, Manashov '14):
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QCDind=4—¢

Consider renormalized QCD in d = 4 — € dimensions. In MS-like schemes
oo o0
B°P(as) = 2a5[—€ — Boas + .. ] Z = 1+ZeﬂZa§Zﬂ€
=1 k=j

® scale and conformal invariance at the critical point Banks, Zaks, '82
* CD/ =
a, = —4me/Bo+ ... BePaX) =0

® Zj, do not depend on e by construction, thus

[H(e) = B + @) HD + ] (0, + () [O)(a1, ) = 0
—

[Ba) = aHY + @O 1| (40, +B0)0) + H(2)) [OGa1, 2)] = 0

® “hidden” conformal invariance of QCD RG equations in MS-like schemes
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e Conformal symmetry means existence of three generators that satisfy usual SL(2) relations

In a free theory, in coordinate representation
generators j = 1 for quarks SL(2) algebra
Sy = 2°0.+2jz [Sy,8-] =25
So = 20, +3 [So, S+] = S+
S_. = =0, [So, S—-] = =5-
® |In the interacting theory the generators are modified by quantum corrections
Sy = 89 4+ a1 + (a2)?8P +.
SO = Séo) aF a:S(gD aF (a:)QSéz) aF oo
S S(O)
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e Modification of Sy can be written in terms of the evolution kernel

S_ =89

» ¥

as = —

q A7
So =S — e+ FH(@),

S

1
Sy =89 + (a1 + zQ)( - 51141) 4 (2 — )AL,

where

H(a?) = af HY + (a7)*H® + (a2)*H® 4 ...
As(a}) = al AP + (@)’ AP + (a)* AP + ...

o A (al) requires explicit calculation
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® Light-ray operator representation Balitsky, Braun ‘89

Z'mzk
> L2(Dr9)O)#(DEe)(0)]

mlk!

[Ol(21,22) = [q(z1n)shq(z2n)]

m,k

10+ 2a

oioR
11
= N
|
Q

H[O] (21, 22) / da / dB h(a, B) [0](25, 25)) z

Braun, Manashov, PLB 734, 137 (2014)

one-loop result

Ag_l)[o](zl, 2)=—-2Cp /01 da(g 4L lna) [[(’)}(z&, ) — [O](z1, 231)
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Two-loop conformal anomaly

® two-loop result (preliminary) Braun, Manashov, Moch, Strohmaier

1 &
[Af)(’)](zl,zﬂ = / da/ dB|w(a, B) +w?(a,ﬁ)]P’12} [O(zlaz,zgl) - O(zé,z%)}

/ du/ dt t) 212, 32) O(Z17Z21)j|

S |:CF _ —CFCA} {(af é) {Lu (%) — (e flno‘zlnﬁ} s e %Qma}
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Braun, Manashov,

Two-loop conformal anomaly (1)

two-loop result (preliminary)
Crwrr(a, B) + CrCawrpa(a, B)

w(a, f) =

Moch, Strohmaier

|:TIHT+T11’IT:|

[ﬁln a— aln? a} -

;/Blnozlnoz+
Ao s o e 1)
wFA72{(7—a)[ (g) Liz(B8) — 2 Liz(«) — lnalna}
glnéz}7
o

«a
+ — |:Tln’r+7'1n'r:|

wrr 74{ (a— 7) [le (g) ~ Liz() — Liz(@) — = In a] —a{le(a) le(l)}
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o result for »(t) of similar complexity
DVCS:
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e Expanding the commutation relations in powers of a}

(5" BHY) =0,
(s, B = m®, 5],
(50, 1) = 1Y, sP] + 1, 5], etc.

e A nested set of inhomogenious first order differential equations for H(¥)
Their solution determines H(*) up to an SL(2)-invariant term

e The r.h.s. involves H*) and SE:”) at one oder less compared to the |.h.s. D.Miiller

e E.g. for a NLO accuracy (two-loop) one has to Braun, Manashov, PLB 734, 137 (2014)
@ Calculate Sy = Sﬁ:)) + a¥ SJ(:) (one loop) from the conformal Ward identity
@ Find a particular solution to the differential equation
+(0 2 1) o1
(5, B8] = @D, 5]
< non-invariant part of the evolution equation

@ Restore invariant part (solution of [Si()),H(Q)} = 0) from known anomalous dimensions
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e The next step, have to solve

(587, 1] = |, 2] + 1P, 517

= three-loop evolution equation for light-ray operators

e Alternative: find a transformation
O'(z1,2) = UO(21,2) U™" [5+0)(21, 22) = SO (21, 22)

= transformation to the conformal scheme
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Summary and outlook

e Studies of hard exclusive (and semiinclusive) reactions have a long history.
The problem is that the theory description remains semiquantitative, with an ever
longer list of reactions described with increasingly sophisticated nonperturbative input.

This has to end for the field to have a future.

® Arguing for EIC as “exclusive” machine, need “gold plated” processes where QCD
description can and will match the accuracy achieved in DIS and jet physics.

DVCS can play this role.

e Present:

Full NLO results available

Gauge and Lorentz invariance to ¢/ Q> and m?/Q? accuracy (kinematic twist-4)
Exact expressions for observables in terms of CFFs

Need open source analysis code

NNLO

Gauge and Lorentz invariant LT at LO level
Gauge and Lorentz invariant LT beyond LO
Lattice calculations of the first two GPD moments
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