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Introduction

Experimental probe of GPDs — Hard exclusive Processes

Deeply Virtual Compton Scattering

* Theoretically the cleanest probe of GPDs

* Theoretical accuracy at NNLO

® GPDs are accessed through convolution integrals with
hard scattering amplitude

* Experimental observables: Azimuthal asymmetries,
cross sections, cross section differences.

* Amplitudes depend on all GPDs H E H E

Vector Mesons

* Factorization for OL (to pL, ¢, WL) only

* OLto O suppressed by 1/Q

e g7 suppressed by 1/Q?

* Experimental observables: cross sections, SDMEs,
azimuthal asymmetries, Helicity amplitude ratios

* At leading twist — sensitive to GPDs [{ and [5)
* Observables for different mesons provide a possibility
of flavor tagging.

Pseudoscalar mesons

* Experimental observables: Cross sections, azimuthal
asymmetries

* At leading twist — sensitive to GPDsHand E
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Exclusive Vector Meson Production

Vector. Meson pQCD
Dominance

0<Q?< few GeV? Q*>1 GeV?
2 e

e /Q/ Y*(q) “ﬁq’%ﬁﬂ
y =y

w2 o ~ ' <

§ p(p) ~~p(p’) — ~

’ o pQCD description of the process.

l) dissociation of the virtual photon into quark-antiquark pair
Il) scattering of the pair on a nucleon
lll) formation of the observed vector meson

Natural Parity Exchange - described by GPDs H and F/
Unnatural Parity Exchange - described by GPDs Hand E

1z
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Experimental Observables

Cross Section

do ~ do
drgdQ?dtd®d cos0d¢  dxpd@Q?dt

Y X

o lepton t :Z
W(QTB, Q , T, (I), COS (9, qb) scattering—plane

production and decay angular distribution
W =Wyu + PoWru + ScWur + PiScWir + StWur + PeStWir

y
,r
parameterization in terms of helicity amplitudes ! or SDMES |r,
-Schilling, Wolf (1973) "0
Diehl (2007) o] [v* p

W =Wy + PoWry 4+ StWur + PeStWrr + StWoyr + PoStWirr

l \ \
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SDMEs SDMEs SDMEs
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SDME’s p°
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o Selected hierarchy of NPE helicity amplitudes
is confirmed
* No differences between proton and deuteron

Y L2 VL && Y*1—= V1 (Class A & B)
e SDMEs are significantly different from zero
e SDMEs of Class B are smaller than SDMEs of
Class A

Y*1 VL (Class C)
e some SDMEs are significantly different from

zero (up to 100)
* Violation from SCHC

Y*L= V71 (Class D)
* Unpolarized SDMEs are slightly negative
* Polarized SDMEs are slightly positive

Y*1—= V1 (Class E)
e SDMEs on Deuteron are consistent with zero
e Small deviation from zero for SDMEs on
hydrogen




e Selected hierarchy of NPE helicity amplitudes
is confirmed

* No significant differences between proton
and deuteron

Y12 VL & Y*1— V1 (Class A & B)
e SDMEs are significantly different from zero
e 10-20% difference between p and ¢ SDMEs

HERMES Preliminary
O ¢ proton
O ¢ deuteron

HERMES, EPJC 62 (2009) 659 g
= o0 proton Y*1— VL (Class C)

® (° deuteron e SDMEs are consistent with zero
e SDMEs on deuteron are slightly negative
* No strong indication of violation from SCHC

Y*L.— V1 (Class D)
* Unpolarized and Polarized SDMEs are
consistent with zero for both hydrogen and
deuteron

Y*1—= V1 (Class E)
* Unpolarized and Polarized SDMEs are
consistent with zero for both hydrogen and
0.4 0.6 0.8 deuteron

scaled SDMEs
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HERMES PRELIMINARY
O o, proton

O w, deuteron
= p°, proton
e p°, deuteron

o Selected hierarchy of NPE helicity amplitudes
is not confirmed
* No differences between proton and deuteron

Y L2 VL & Y*1—= V71 (Class A & B)
e SDMEs are significantly different from zero

* Significant differences between p and W
SDMEs

Y*t1—VL (Class C)
e SDMEs are consistent with zero on both
targets

Y*L— V1 (Class D)
» Unpolarized SDMEs differ from zero
e Small evidence for violation from SCHC

Y*1— V1 (Class E)
e Unpolarized and Polarized SDMEs are
consistent with zero for both hydrogen and

deuteron
-04 -0.2 0.2 04 0.6
SDMEs
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Comparison with GPD models

GPD model: S.Goloskokov, P Kroll (2007) [ W=5 GeV (HERMES)
(1-r %2 . 5 W=10 GeV (COMPASS)
00 : mr,, W=90 GeV (HI,ZEUS)

O-SHI - —— 0.3 - —— 0.3 - —
0.2} oo TTTe- 0.25}:-:._.:_"_ ““““ - oz}:::_: “““““ 4 0% & Y¥r— pOr

- —
—_—
e —

2
- TOO’ T].—l’ —Im’l”l_l X Tl]_

oib— ol o - .
3 45678 3 45678 3 4 5678 model is in agreement with data
5 ; interference y* —p% & y*r—p
0.22 Re ,r10, . 012 :Fm_r1q . model dose not describe the data
020} covoon ] 014 _' model uses phase difference
0.18 T ! -o.16§/,—/{ between Too and Ty, 011=3.1 deg.
o1eh —1 018 _
014 { 020 sesmmnmmsas g | L e
L so L
oo:

HERMES result 8;,=31.5 + 1.4 deg.

Large phase difference was observed
also by H1 (6| |=20)
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UPE Contribution p°

0.3
L ul
02F =
- T N
0.1+ } il ®
I . °
0_. .................................................
0 o1 02 03
-t (GeV?)
bg ® Proton
D: H Deuteron
Fi :
] $ I
I. 02 L | L L | L |
) 1 2 3
Q’ [GeV?]

At large W2 and Q? the transition should be

suppressed by M/Q

* direct helicity amplitude ratio analysis: U/Too

* the combination of SDMEs is expected to be zero in

case of NPE

04 04 1 1
Uy = 1 — 00 + 2T1—1 - 2T11 o er—l

5 5
Ug = T71 +T1_1

8 8
Uz =171 + 711

& DESY (Q%)=1.05 GeV”

ul OSLAC79 (Q%)=09 GeV’
1r ASLAC74 (Q%=09 GeV*
+ m HERMES proton (Q*)=1.95 GeV”
o HERMES deuteron
| J E— v e ....!;!. ....... T b lillfl ...... fl .........
v ZEUS BPC (Q*)=0.41 GeV*
0.1 - u2 A ZEUS DIS (Q%)=2.4 Ge‘fz
- o H1(Q%=3 GeV’ .
0 _+% ......... T . X %: ..................
-0.1 -
0.1 Uj +
0 S-S { ............................................................................................
-0.1 -
I 1 1 1 I
2
1 10 10
W (GeV)

Aram Movsisyan, Baryons 2013, Glasgow 27.06.2013




UPE Contribution ® and w

* u values are consistent with zero.
* Process dynamics is dominated by
two-gluon exchange mechanism.

e Significantly large value for uj

* Process dynamics is dominated by

quark exchange mechanism.
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Transverse SDMEs of p°

e Most of the SDMEs are consistent with

zero within | .50
e SDMEs ,

differ form zero by 2.50

* Non - zero value for SDME
violation from SCHC

* In case of NPE - expected

* Non - zero values for SDMEs

and indicate a large contribution of
UPE

and
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Transverse SDMEs of p°
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Results for R
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Conclusion
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