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o Finite ¢ and target mass corrections, t/Q* and m?/Q?
V. Braun, A. M., PRL 107 (2011)
V. Braun, A. M., B. Pirnay PRL 109 (2012)
V. Braun, A. M., D. Miiller, B. Pirnay PRD 89 (2014)

@ Ambiguity of the leading-twist approximations



Off-forward kinematics

DVCS: ~*N(p) = yN(p') D. Miiller, X. Ji, A. Radyushkin

Operator Product Expansion
A~ (9| T{ ™ ()77 (0) } ) Z 2) (' lON (1))

2

Kinematic variables:  hadron mass m momentum transfer ¢ = (P — P’)2

How to calculate m?/Q? and t/Q? corrections? I
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Auw(p, ¢,4) = i/d4$ e~ 112D (5| T, (212)ju (222) )

21 — 20 = 1.
translation invariance: A depends only on the difference z; — 2

current conservation:
¢" A (P, ¢,¢) = (¢) A (p, ¢,4) =0

only valid in the sum of all twists but not for each twist separately

T{ju(22)ju(22)} = Ti’ (21, 2) + Tin (21, 22) + Tin (21, 22) + ..

twist-3 : Anikin, Teryaev; Belitsky, Miiller; Kivel, Polyakov, Schifer, Teryaev, 2001
twist-4 : Braun, A.M. 2011



T{j(2)j(0)} = Z anOy + Z (bNa2oN + dN(a(’))N) + all others
N N
= ZCN(z,a)ON—i—...
N
Oy are twist-two operators 00N = 0" Opps...uy = 0 (free theory)

Conformal OPE: S. Ferrara, A. F. Grillo, G. Parisi and R. Gatto

d =4 — 2e — QCD at the critical point: B(ax) =0, ax ~ €

Cn(2,0) = Cn(as,¢,2,0) = CLO(x,8) + O(as, €)



Braun, A.M., Pirnay: PRD 86 (2012) 014003

Auv (9,45 p) i/d‘lze_i(“q—z”')z(p',S'IT{Ju(21I)Ju(22I)}|P, s)
= €+E_A++ +e, E+A__ + 50 E_.A0+
+e, €+A0_+6+ FAt- te, e, AT T4g A,(?)

for the calculation to the twist-4 accuracy one needs

o ATt A~ 1+ é
o A% A% % <— agree with existing results
° .A_+,.A+_: % <— straightforward



BMP Compton form factors (CFFs)

® Photon helicity amplitudes can be expanded in a given set of spinor bilinears
+ ~q § g
A =Hi h+Ei e FH h FE7,L @
with, e.g. Belitsky, Miller, Ji: NPB 878 (2014) 214
b u(p’) (¢ + ¢')u(p)
P-(d+¢")

® The results read Braun, A.M., Pirnay: PRL109 (2012) 242001
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® Photon helicity amplitudes can be expanded in a given set of spinor bilinears

AE —HI h+E, eFHI, A TE, 2

with, e.g. Belitsky, Miiller, Ji: NPB 878 (2014) 214
_u@) (g + 4)ulp)
P-(¢g+4")
® The results read Braun, A.M., Pirnay: PRL109 (2012) 242001
1E++=T0®E+Q2[ T0+T1+2§D5T2]®E Q256§£T2®(H+E)
4¢P, | 4m? =
E0+:_—[§a T1®E} +——€(N® [E(H-FE')—H}
vzQ I V2QIEP, |
416P |2 8m? ~
E_, = |5Q2l| [gag.g M @ E] _ %g {Eagg T @ (H+E)+0:£ Th ® H]

etc.

R T ety e e A e G DS B S T AT T



where F = H, E, I, E are C-even GPDs

TeF= Zeq/ (“"’”_2) )F(z,é,t)

the coefficient functions T]f are given by the following expressions:

1
To(u) - 1—wu
_ In(1—w
Ty(u) =T} (u) = —¥
1—2u)In(1l — w)
TV = G=20Rl Y
Liz(1) — Liz(u) = In(1 — u)
T =]
2(w) 1—u + 2u
and
P - tmin
— 9 4 2188 l' g = 0 Lmn (1 gy
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® Ambiguity of leading order approximation

DVCS
DIS

Many choices possible:
Define (p, ¢) as longitudinal plane:

p=(p0,01,p:), a=1(g0,01,¢)
- or
p = (po,0L,pz)

N p+p =(R,0,P), q=I(q,0.,q)
= (9,01,q2) etc.
=> parton fraction = Bjorken x = parton fraction 2¢ = IB[l"‘O(éz)]v
redefinition of helicity amplitudes
e Ambiguity is resolved by adding “kinematic” power corrections t/Q?, m?/Q?



Braun, A.M., Pirnay: PRD 86 (2012) 014003

longitudinal plane (g, ¢’)

2
’ ~ ’
n= n=— —_—
q, it d
with this choice A = ¢ — ¢ is longitudinal and
> o 118
|PJ-|__m_Z é.z ~ tmin —
where
1 (A-4q) ap(1+1/Q%)
P== / =— =
S+p),  Eeup 2P ) 5 on (1= 1/09)

photon polarization vectors

e =— (g — 4u4*/(ad)) /\/ — 42,

e =(PL +iP)/(V2|PL)), Pl =ep,PY



lab phot phot phot phot
Fi = B [}- -7:—+]_ 0 Foy

Fe{H,eH,E

82 = = (L4 50 T + 300 [ FE 4+ 77 |

where
220 ~ A/ (bmin — 1)/ Q% , s~ (tnin — 1)/ Q°

and different skewedness parameter

lab  _ZB bt zB(1+t/Q°%)
S st Sl pueon s pupy 757y




Defining the Leading Twist approximation

‘ Kumeri¢ki-Miiller convention (KM) ‘ ‘ Braun-Manashov-Pirnay convention (BMP)
h h
Fi¥ = To@F, Fi¥ =0, T . {T5e = To®F,  FE& =0,
LTiom Iab lab BMP - pohot _ — gphot
Fl =, Exm =€ oL =0, &Bmp =&

4

N £ TP
]-"fiz%To@F, & = &mp,

e 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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LTKM V'S LTBMP

Goloskokov, Kroll model (GK12)
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Large effects for the total cross section

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* curves very close to BMP LT
GPD model: KM10a (Kumericki, Mueller, Nucl. Phys. B 841 (2010) 1)
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Small/moderate effects for asymmetries

M. Defurne et al. [Hall A Collaboration] arXiv:1504.05453

—t=10.17 GeV? —t=10.23 GeV? —t=10.28 GeV?
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e TMC* curves very close to BMP LT
GPD model: KM10a (Kumericki, Mueller, Nucl. Phys. B 841 (2010) 1)
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o noncomplanarity makes separation of collinear directions ambiguous

— hence “leading twist approximation” ambiguous

— related to violation of translation invariance and EM Ward identities

e have to be repaired by adding power corrections of special type, “kinematic” PC



e Complete results available to t/Q?, m?/Q? accuracy

— translation and gauge invariance restored
— factorization valid
— correct threshold behavior ¢t — tmin, £ — 1

— for many observables, complete results close to LT in “photon frame”

e Two expansion parameters

t X t— t[nin |§PL|2
Q2 ¢ T
e Most of mass corrections absorbed in tmin = —4m?€2/(1 — £2);

always overcompensated by finite-¢ corrections in the physical region

e Some extra m2/Q? corrections for nucleon due to spinor algebra;
disappear in certain CFF combinations and for scalar targets



short/medium term

o Bulk of the twist-four corrections captured in “photon” frame for generic H, E?
e Direct calculation of DVCS observables starting from “photon” frame
e “Standard” code combining twist-4 + NLO

long(er) term

e resummation of (¢/Q?)% and (m2/Q?)* corrections to all powers
e NLO corrections to (t/Q%)* and (m?/Q?)*, gluon constributions
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