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QCD predictions for WACS

kinematics s~ —t~ —u~ Q* > A? real photons
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experimental check: power and angular behavior



WACS: theory vs. experiments
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Wide Angle Compton Scattering & Fform factor in QCD factorization

Brooks, Dixon, 2000 The hard-spectator contribution
N T T T T predictions are at least an order of
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Wide Angle Compton Scattering & Form factor in QCD factorization

s8do PP /dt A0)/ T Q F(Q?) =~ 1GeV? Q% =7 — 15GeV?
= N
(Q*F)2

data: Cornell exp. data: JLab, Hall A, 2007
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the results are about an order of magnitude the ratio is a factor of 2-4 smaller
below

It seems unlikely that proton FF and Compton amplitude are both
described by asymptotic approximations



Large contribution of the soft-overlap mechanism?

The experimental data indicate that photons scatter on a one quark and
can be easily explained by soft-spectator scattering

% (e) Radyushkin 1998
>

\ Kroll et al, 1999

soft ga_gc’ra’rors Mil ler, 2004

® The large soft-overlap contribution also arises in phenomenological models
and sum rule calculations for hadronic ffs

Nesterenko, Radyushkin 1983 Braun et al, '02, 06, '13, “14, "15

Isgur, Smith 1984



Soft spectator contributions: ¥f ¥1 and WACS amplitude

Duncan, Mueller 1980 S = — ;o
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same power as for hard-

blue lines are collinear (Breit frame) e

black lines soft spectators ~ 1/A”
red lines ~ 1/QA hard-collinear

The soft-spectator configuration can be naturally obtained within the Soft
Collinear Effective Theory (SCET) framework

NK, Vanderhaeghen 10 NK, 2012

soft-spectator contribution o
can also be obtained and for =;=.__: S e S e
WACS diagrams S



Soft Collinear Effective Theory (SCET)

description of the soft-overlap contribution involves 3 different scales

WACS amplitude  T(u7 ~ Q% pi, ~ QA, u2 ~ A?)
QCD = (p-|-7pJ_7p—)

pr ~ (Q,Q,Q) hard pi ~ Q% ~

SCET
2 2
Phe ~ (Q,v/AQ,A) hard-collinear Dhe RGN

pe ~ (Q, A, A%/Q) collinear

ps ~ (A)A)A) SOF"'



Soft Collinear Effective Theory (SCET)

hard-collinear modes arise at classical level due to interactions of collinear and soft modes

= (o) Dhe

. Dre =~ —2(pe - ps) = —pF -p; ~ QA
pe~ (Q,A,A*/Q) . R
AR (A,A,A) Pec > > Ps

homogeneous hard-collinear modes pj. ~ (Q,+/AQ,A) appears as quantum corrections
(loops)

SCET-I effective Lagrangian QCD — SCET-I

'CSCET-I =3 (n) Wm Ana Q7 AS] _|_ E(ﬁ) [wﬁn A’FL) Q7 AS] + 'Csoft [Q7 AS]

Expansion with respect to small A ~+/A/Q in each hard-collinear sector

L, An,y q, As] = LT[, Ag] + L5V [y, A, As, q) + O(N?)



Soft spectator scattering in the SCET framework

1. Factorize of the hard modes: p% ~ ° > A? (hard subprocess)

QCD — SCET-I W2~ QA
TNQ, thes pis) = H(Q, ur) * FLF, the, ts) 42~ A2

(i e Ml — @ (CA 00 o defined in SCET-I

m= moderate values of Q2:

QA ,S m?\[ hard-collinear scale is not large

Q? =4 — 25 GeV?
A~ 0.3 GeV

mp QA ~0.6 - 1.5GeV?

This point is actual for existing WACS data



Soft spectator scattering in the SCET framework

2. Factorization of hard-collinear modes p%w ~ QA > m%\,

SCET-I — SCET-II = collinear + soft

Hhe ~ QA
S (Bhes ps) = Jne(QA) x S|ps| * on[pc] 2 p2
hard-collinear &
subprocess

® gives a final power of 1/Q

® helps to understand the overlap of soft and hard-spectator contributions



Wide Angle Compton Scattering
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The hard factorization in SCET

RN G o

soft-spect. hard-spect.

g as 2
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WACS phenomenology

® one SCET amplitude Fj enters in all three amplitudes T

® 1 does not depend on energy s

To(s,t) = Co(s,t){ Fi(t) + on *x Ha(s,t) * on/Ca(s,t) } = Ca(s,t) R(s,t)

t
reqular ratio  R(s;t) = t)) 2 = —1

To(s,t) = C5(s,t)R(s,t)

Ci(S/ t)  =4.0
T@(S ,t) — CZ(S ,t)R(S,t) + ON * {HZ(S ,t) HQ(Sat) CQ(S,t) } * PN S/ ?é gl

EE——

each term is regular!



WACS phenomenology

Physical subtraction scheme

To(s,t) = Cy(s,t)R(s,1)

T;(s',t) = C;(s',t)R(s,t) + N * {Hi(s’,t) — Hy(s,t) g;((i’;) } * QN

i =4,6 s’ £ sl

@, (s )
CQ(S, t)

hard-spectator part: N * {Hz‘(S',t) — Hs(s, 1) } x N ~ O(a2)

~ 10 — 20%

if the hard-sp. contribution is small and negligible then

Ti(S, t)
Cz'(S, t)

RN — ~ R(t)



WACS phenomenology

m
R(S’ t) — Z( ~ R(t) dominates by the soft-spectator contribution

this can be verified by experiment

do T 1 5 1 9 2 2
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To the leading-order accuracy
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WACS phenomenology: cross section

NK, Vanderhaeghen 2015

used data: JLab/Hall-A, 2007
all power corrections

m/Q are neglected
03 _ v m=0
] m 5=6.8 GeV?
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a = 2.09 = 0.06

The extracted value of R is needed for the estimates
of the two photon corrections for the nucleon FF



WACS phenomenology: cross section

NK, Vanderhaeghen 2015

used data: JLab/Hall-A, 2007 -t > 2.5 GeV?
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WACS phenomenology

WACS @ JLAB 12 PR-12-13-009 (approved)
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WACS phenomenology: longitudinal polarization K,
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WACS phenomenology: longitudinal polarization K,

UHR _ Uﬁ 202 o m=0 small helicity flip amplitudes
= + —CrKpr°
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KL

NK, Vanderhaeghen, 2014
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Summary

® It seems unlikely that proton FF and Compton amplitude are both
described by asymptotic approximations.

® The simple factorization formula must be improved.
SCET framework requires to include the soft spectator term.

® WACS cross section data are in agreement with the large soft-
spectator contribution in the region -t,-u>2.5GeV®. This description
can be verified with future data at larger energies

® Existing data for asymmetry K. are outside of the region
-t,-u>2.5GeV? and cannot be addressed within described
formalism. More data are required.






