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Generalized Parton

More details

rE.

U}'-*XPZ D-I. St rl-l. bu-t-LOnS on GPDs: see talk by
: B. Pire
; b,:
t b, . N ucleon Hard ex?lusive e’
d reaction

A .z 4 Tomography
/\ correlation between longitudinal
momentum and transverse position

Parton Distribution
Functions (PDFs)

Elastic Form Factors
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o 2 of a real photon
transverse position  |ongitudinal momentum
of partons of partons 2

Caroline Ried| (DESY) - DVCS PHOTON20I I, May 201 |



DVCS as laboratory
for probing hadrons

Global analysis of GPDs

requ Ires measurements

m Of cross-sections and

w Of azimuthal asymmetries related to
beam charge, beam helicity, target polarization
w preferably covering

wide kinematic range
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DVCS as laboratory
for probing hadrons

Global analysis of GPDs

requ Ires measurements

4 chiral-even quark GPDs at leading twist

m Of cross-sections and

flips nucleon conserves

w Of azimuthal asymmetries related to uc 5
helicity nucleon helicity

beam charge, beam helicity, target polarizatio
w preferably covering

. . . does not
wide kinematic range depend on E H > q(X)

quark helieity forward limit

~ ~ | &0,t—0

depends on E H > Aq (X)

quark helicity
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DVCS as laboratory
for probing hadrons

Global analysis of GPDs

requ Ires measurements

4 chiral-even quark GPDs at leading twist

m Of cross-sections and

flips nucleon conserves

w Of azimuthal asymmetries related to uc 5
helicity nucleon helicity

beam charge, beam helicity, target polarizatio
w preferably covering

. . . does not
wide kinematic range depend on E H > q(x)

quark helieity forward limit

~ ~ | &0,t—0

depends.g'n E H > Aq (X)

quark helicity

H1, Hz, H3, H, Hs,
HI’ HZ’ H3’ H4

9 chiral-even quark GPDs at leading twist
Tensor signature! Coherent signature!
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DVCS as laboratory
for probing hadrons

Global analysis of GPDs

requ Ires measurements

4 chiral-even quark GPDs at leading twist

m Of cross-sections and

flips nucleon conserves

w Of azimuthal asymmetries related to uc 5
helicity nucleon helicity

beam charge, beam helicity, target polarizatio
w preferably covering

. . . does not
wide kinematic range depend on E H > q(x)

quark helieiey forward limit

~ ~ | §—0,t—0
Access to total angular depends on = W > Aq(x)
momentum of quarks quark helicity q
through Ji sum rule

1 1
Jo=glim [ dea[HY @& 6) + BV e, & 1)
—YJ-1

H1, Hz, H3, H, Hs,
HI’ HZ’ H3’ H4

9 chiral-even quark GPDs at leading twist
Tensor signature! Coherent signature!
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DVCS as laboratory
for probing hadrons

Global analysis of GPDs

requ Ires measurements

4 chiral-even quark GPDs at leading twist

m Of cross-sections and

flips nucleon conserves

w Of azimuthal asymmetries related to uc 5
helicity nucleon helicity

beam charge, beam helicity, target polarizatio
w preferably covering

. . . does not
wide kinematic range depend on E H > q(x)

quark helieiey forward limit

~ ~ | §—0,t—0
Access to total angular depends on = W > Aq(x)
momentum of quarks quark helicity q
through Ji sum rule

1 1
Jo=glim [ dea[HY @& 6) + BV e, & 1)
—YJ-1

H1, Hz, H3, H, Hs,
HI’ HZ’ H3’ H4

How does the nuclear environment 9 chiral-even quark GPDs at leading twist
modify the DVCS amplitude? Tensor signature! Coherent signature?

3
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Exactly calculable in

Fourier decomposition
QED given nucleon

O-F t he Y* N _’YN X-Se Ct 1. on high energy: elastic form factors

A

| Toves|? = [ TeH|?

low energy Amplifi
_ . plifies
Cross-section I Toves|?« | Tar|? contribution
2 T of Tpvcs
O'y*yN~ + + = |TDVCS|2 + |TBH|2 +
e e *

(TovesTeH® + Tpves*TaH)
DVCS Bethe—Heitler (BH) DVCS-BH interference term
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Fourier decomposition

O-F the Y*N_’YN X_SeCtlon high energy:

| Tovcs|? = |TaH|?
low energy:

Exactly calculable in
QED given nucleon
elastic form factors

Cross-section IToves|2« [Ten?
° A
Oy sy N~ \%f : . = |Tovcs|® + | TeH|® +
e e *

(TovesTeH™ + Toves*TaH)

A

Amplifies

contribution
of Tpvcs

DVCS Bethe—Heitler (BH) DVCS-BH interference term

. 2
2 = Apn BH cos(no)
P1(o) P2(0) L
I—

Harmonic expansion

)
5 | - -
Unpolarized nucleon Toves|” = Q? { (‘}})\ > RSl \“m( \“'”}
Case of polarized e .
nucleon is more ] —eyp K —~ 1 i Y Taen
complicated! — Pi(d) Pood) Z”‘n<“>(l!<>) i 1’_'“n o)
R n=

Caroline Ried| (DESY) - DVCS

Lepton beam with
l.:’ charge e and
helicity A

<
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Fourier decomposition

Exactly calculable in
QED given nucleon

O-F t h e Y* N _’YN X-Se Ct 10N high energy: elastic form factors
| Tovcs|? = |TaH|? A
low energy: Amboplifi
_ - plifies
it [ Toves|« | TaH|? contribution
2 T of Tovcs
O™ + + — [Toves]? + [Tanl? +
e
-~ (TovcsTeH™ + Tpvcs*TaH)
DVCS Bethe—Heitler (BH) DVCS-BH interference term
. 2 Lepton beam with
’—1’|1|2 - K { ' .BH (‘U\,(”“)} i A:’ charge e and
B3 = Py () Pa() n ‘ : : < helicity A
Harmonic expansion ) = =
a3 = DVCS . () DVCS, -
Unpolarized nucleon Toves|” = Q- { & (n.\.(m») A% e O
Case of polarized L .
nucleon is more —ey K ~ - N
complicated! = P1(6) Pa(o) {Z"n cos(np) + ) Ay -*“'('“’)}
A A, 1 n=I() n=1

Express cross-section in terms of azimuthal asymmetries

ALU
o (¢; P, e0) = ouu(9) x [1+ PARY3(8) + eePeALy(6) + eeAc(9)]  |Beam Targe
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Parameterization of observables
1n terms of GPDs

Harmonic analysis:
measure azimuthal asymmetries in
DVCS with respect to beam helicity,
beam charge, and/or target polarization

U

Compton Form Factors:

F(&t) = Z/_l dz CF (&, 2)F(x, &, t)
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Parameterization of observables

1n terms

= unpolarized target:

B ~ t
F Py + Fo)H — F
@FQ:CB( 1+ F) A2 t?

dominant for dominant for
the proton the neutron

% |ongitudinally polarized target:

LB

2—xB(F1+F2) (H+%Bg)

B B t ~
Pl Reton)s
+ 1 2—:133(2 1+4M2 2)

% transversely polarized target:

t 1—ZEB
4M2 [(2 — Q’JB)F@— 42 1 FQH]

Caroline Ried| (DESY) - DVCS

of GPDs

Harmonic analysis:
measure azimuthal asymmetries in
DVCS with respect to beam helicity,
beam charge, and/or target polarization

U

Compton Form Factors:

F(&t) = Z/_l dz CF (&, 2)F(x, &, t)
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Parameterization of observables
1n terms of GPDs

Best access . .
Harmonic analysis:

measure azimuthal asymmetries in

= unpolarized target:

oy . .
P B+ Fy)H — Py DVCS with respect to beam he|.|c1t}/,
2—2p 4M beam charge, and/or target polarization
dominant for dominant for U
the proton the neutron
Compton Form Factors:
1
% |ongitudinally polarized target: F(E,t) = Z/ dr C’;F(f, x)F9(z, €, 1)
~1
B B q
Fi+ F) (H+ 22¢)
2_33B( 1+ E2) (H+ =
B B t ~ .
+F1@ Sy ( 5 It o Fz) £ Cross-section measurement
(collider example): integration over @
& ‘ :
transversely polarized target: d—J(Wt %)~ e’ W [T ] (e.0.0%
a7 Q% W2+ Q2 A2 '

t 1—ZEB
4M2 [(2 — Q’JB)F@— 42 1 FQH]
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retired 30.6.2007

& wmeosy w DVCS at HERA

low energy

self-polarized

e-beam on fixed pure gas target
electron beam P 5 5

detected particles:

| ® unpolarized p, d; He, N, Ne, Kr, Xe
’A — l ® |ongitudinally polarized p, d

no Recoil: ey
with Recoil: epy

® transversely polarized p

2 lepton beam charges: _ _%:'_e_r_ LA e—————
electrons and positrons

: detected particles:
ep-collider |

. ey + forward veto
(unpolarized protons) | |7EUs subsamle: epy

electrons: 30 GeV
protons: 920 GeV

high energy
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add new hal D

o

A Y
5 new
“double cryo
upgrade capacity
existing Halls ) ’ '
v e
'./ add arc_ upgrade magnets
- - ‘ 5,, , and power supplies
=
A 5 new cryomodules
r??u e,
c)

L
Targets: detected
larized T I e unpolarized p [E00-110] particles:
olariz ,
pe— ?)ela; j?,ab | ® unpolarized d (— n) [E03-106] ey
electrons: 6 GeV Targets:

e unpolarized p detected particles:
e-beam on _ e [ongitudinally nOVJ;EEi;ESrI%aeIE'OerperY
fixed target B polarized p |

e ‘He

+ future
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GPD H

DVCS cross-section st
1n the valence quark region

Hall-A at JLab Differential cross section vs. azimuthal angle
proton target [EOO_'I 1 O] R ss — Bin: <xg>=0.36, <Q2>=2.3 GeVZ, <t>=-0.28 GeV?
Helicity-dependent |
. 0.02— { beam helicity-dependent
< Im(Tpvcs) - A
w
GPDs @ x=§ % 0 e
S — = E -
7 !f.%}l}}.‘ : \‘\%
e 0. O -0.021 ‘*}:
..g 1 1 1 1 1 1 1 L L i 1 1 1 1
Helicity-independent . ¢ ®'1! beam helicity-independent -
7 %
P
< Re(Tpvcs) o
Goeke, Polyakov, Vanderhaeghen, , 0.05
o ﬁeﬁpﬁ/vmggoi e integral of GPDs over x g - BH:DV052 5
= o
< BHA2
e Twist-2 dominance: GPDs accessible at moderate Q? g Moo ge s ooy _ugy_gie e oy un
% 90 180 270 360

o (degq)
Hall-A Phys.Rev.Lett.97, 262002 (2006)
e No Q2 dependence of Im(7)

e Indication of perturbative QCD scaling at Q?=2 GeV?

8
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HERA: DV(CS cross-section
1n the sea/glue region

Dipole model: c. Marquet, R. Peschanski, G. Soyez, hep-ph/0702171

GPD model: K. Kumericki, D. Miiller, fit to previous HERA meas.

Caroline Ried| (DESY) - DVCS

GPD H

x-section

Ansatzs

average impact parameter

%I 12 : Y H1 HERA " Phys.Lett.B68I (2009) 39
—, 10 O H1HERAI H1
2 8 | — Dipole model
5 | --- GPDs model
®F Q%= 10 GeV?
4 e —x
o =0 T
0020~ '4'()/ 80 100 120 140
— W [GeV]
Steep
W-dependence: 4 )
T (W) « W3 Description of transverse
) extension of partons in the
Wlth 830.7 m
- N\ | V<r?>=(0.65+0.02)fm
DVCS is hard A e @
xg=10
process, gluons \_ )
resolved!
& J

b [GeV™?]

b [GeV?]

— Dipole model
- --- GPDs model

do/dt >« exp(-b|t|)
t-slope:

N
N

V H1

= ‘? — >
i e H1HERAI
O H1HERAI
- O ZEUS HERA |
W = 82 GeV
PR S TR T T | PR T TR T T [N TR TR TR T N T SR TR
0 5 10 15 20 25 30
Q*[GeV?]
F @ H1HERAI H1
— Dipole model
- --- GPDs model
E Q?=10 GeV?
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 20 40 60 80 100 12(
W [GeV]

ZEUS arXiv:0812.2517
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GPD H

Im(Tpvcs)
BSA

CLAS beam-helicity

asymmetry

CLAS: <Q?>=1.82 GeV?, <xp>=0.28, <-t>=0.31 GeV?

- : , Qo —ao
:"; g B i o sin} Aprul(o) =
N P B & ; n— do = +do—
ol @ 9 ;
0.1F ;
_o.ZL(integratad) . R : -
2 090 160 270 360 Ly T
4 (deg) =, < ® Model overshoots data.
¢ el-dvcs
i : ® Fffect also observed for
¢ CLAS (previous)| HERMES data
== VGG model .
== VGG + twist3
2[~ — Laget model
Data taken with
Inner Calorimeter
= 05 R -
- 1 (GeV?)
.‘" ' .-
| W — | . | . | VGG model calculations:
0.1 0.2 0.3 04 Phys.Rev. D60 (1999) 094017 and
. Prog.Nucl.Phys. 47 (2001) 401

F-X. G. et al., PRL 100 (2008) 162002
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SC Solenoid

1

l

%e}rimﬁ Recoil Detector —
2006/2007 23 g S e

Scintillating
Fiber Tracker

Silicon Strip
Detector

Tag DVCS events by detecting the
recoiling proton in coincidence with
scattered beam lepton and real photon

Kinematic Event Fitting'

Target Cell with
unpolarized
'H or 2H

Azimuthal coverage: 76%
Targets: unpol. H and D

3000
<~ No Recoil requirement

No Recoil:
12% resonant production ep—=eAty
2.5% semi-inclusive production ep—eXn’

2500

2000 ositive track in Recoil

1500 Fit probability > 1%

< 1%

With Recoil:
ep—epy with >99.9% purity

1000

500

| | 11 1 | | L1 ] | | I | | I | | | I | | ]
-4 -2 0 2 4 6 8 10 12 14

HERMES 2007 data M [GeVZ/c’]
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GPD H
H;RM.ES B h 1 . . _t _t Im(Tpvcs)
il | Beam-heli1city asymmetry s
analysis
EEOEGII;:I)IEIIE\I ARY-3-4% scale uncertainty .:::":e::°se:e;cept_ | et p— et Py E:lil\:gi:0<(3:>>==264162(2?x;
- ata B - 1Y .
P I S S NN
£ L
% ol i } _ + i } ® [ndication of |
+4 ++ + | # | ++ ++ ++ + ++ ++ + ++ Alep—epy) > A(no Recoil).
04r I + I I | | @ Extraction of A(resonant)
— - —— subject of an ongoing
o dedicated analysis.
S0 SR R W #“H _____ .
w<_l-o.1— +
»n 1b------- LR A ¥----F--F---¥--1-- V- -¥---V----F-----1- R EhE EET ——
5 | ¢ ' v, M . LA S R
E L |Elastic  Assoc. )
-: 05t | v v with Recoil Det.
3 ¢ ¢ in Recoil Det. accept. ,
8 ' o 0o ° o PSRN ) o o 9 ¢
o 0- ------- V""‘"'Tr".‘"V?‘."‘Vf"’?‘"v"' mAriainie\ vl il = IN-N---¥r--¥ A [
102 10" 10 1 10
overall -t[GeV?] Xg Q?[GeV?]
12
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GPD H

H;RM.ES B h -I- . o t _t Im(Tpvcs)
il | Beam-heli1clity asymmetry "
analysis
:PIOEOE;II}:I)IEIIE\I ARY-3.4% scale uncertainty -::,:it:::z;o;e:e;cept- et p— et Py ::Elil\:(liizo<(3:>>==264162(§x;
- ata B=>=1.1% .
P N R S NS
c 5 L
5 20| i } i + i | ® Indication of |
+¥ ++ + | # | H ++ ++ + | ++ ++ + ++ Alep—epy) > A(no Recoil).
04r I + I I | | @ Extraction of A(resonant)
— . —_— subject of an ongoing
o - dedicated analysis.
i SR I W S IS S -
w<_|-o.1- ' +
0] e— — = . .
»n 1b------- ¥-------b---- - ¥---F--¥---¥--1-- ¥----V¥---V----F-----1- ¥ - -W- -V W- - - - -]
5 | ¢ ' v, M . LA S R
.'g L |Elastic  Assoc. !
-: 05t | v v with Recoil Det.
3 ¢ ¢ in Recoil Det. accept. ,
S ' o P o o 9 0 o o 9 0
o 0.- ------- V-------f .Tr"r':V?'.'.'..'ﬁ‘"’7".".7.'.'.“".’7'.'.".‘7.'r"7""V." i | Bt fulatid At /Al Ir
102 10" 10 1 10
overall -t[GeV?] Xg Q?[GeV?]
12
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héebs Beam-charge asymmetry | s

JHEP

GPD H
Re(Tpvcs)

11 (2009) 083

—— VGG Regge, no D - . —. Dual-GT Regge

PO dot —do~

Aclo) =

17N T dot + do-
VGG Regge

Phys.Rev. D60 (1999) 094017 and
Prog.Nucl.Phys. 47 (2001) 401

bval = infinity
bsea =1
D-term =0

01} ——ma |

= good description of
_ BCA data

01 F -

cos (3¢)

C

A

Dual-GT Regge

Phys.Rev.D74 (2006) 054027 and
Phys.Rev.D79 (2009) 017501

0.3 |
0.2 |
0.1} o

AssocC
fraction

== both models

overshoot BSA data

102
overall

Caroline Ried| (DESY) - DVCS

-t [GeV?] Xg Q2 [GeV?]

10
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GPD H
Re(Tpvcs)

) Beam—Chqr'ge ClSymmetr'y BCA

® First and only measurement

QOW
at collider . S
= e H1HERAI
. 4 ) \TJ ! H1 \— 0.16 cos ¢
e [ow xg=10"%...10 < 04r[ ! GPDs model
® 6.5 < Q< 80 GeV? 02T
® 30 <W < 140 GeV 0: \1\{
® |t|<1 GeV? : 1—
0.2~ g
® (Observation 0al
.RE(TD\/CS)>OfOrHERA(Sma”X) :||||||||||||||||||||||||||||||||||
060—"20 a0 60 80 100 120 140 160 180

® Re(Tpvcs) < 0 for HERMES (larger x)
(if same ®-convention is used as for H1, i.e. non-Trento) |(I)| [degrees]

Phys. Lett. B681 (2009) 391
® o0 = Re(Tpvcs) / Im(Tpycs)

® p=0.20 £ 0.05(stat) £ 0.08(sys)
¢ |n good agreement with theoretical calculation
(dispersion relation)
14
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Longitudinal target-spin

A do™ — do~
UL —
do= + do~

asymmetry

et

%e@es Double-spin LL asymmetry

CLAS [2011 preliminary]
target-spin asymmetry

<
0.25

EG1-dvcs: o V]

dedicated run| ' ./

2009 with o.¢/
Inner Calo e

-0.05
0.1
-0.15

03 50

‘ v <Xz>=0.21, <Q?> = 2.15GeV2J

a=0.17910.017
B=-0.006%0.018

100 150 200 250 300 350

0o

1st publication: CLAS PRL 97, 072002 (2006)

Caroline Ried| (DESY) - DVCS

cos (0¢)

A

cOS ¢
LL

A

cos (2¢)
LL

A

Reso. frac.

0.6
0.4
0.2

-0.2

0.4
0.2

-0.2
-0.4

0.4
0.2

-0.2
-0.4

0.3
0.2}
0.17

GPD H ~
LTSA

A 1 Lt
i ¢ R
Rl e B R T
S SURTIR TR PO
S 62 07 0% 0 o1 02 03 5 & 1
integrated -t [GeV ] Xg Q?[GeV?
HERMES JHEP 06 (2010) 019
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cos(09)
AC

cos ¢
AC

cos(2¢)
AC

cos(3¢)
AC

sin¢
ALU,I

sin ¢
ALU,DVCS
sin(2¢)
ALU,I
sin(¢- ¢,)
UT,l
sin(¢- ¢,)
UT,DVCS
sin(¢- ¢ ) cos ¢
UuT,l
cos(¢- ¢)sin¢
UuT,l
cos(¢- ¢,)
LT,
cos(¢- ¢,)
ALT,BH+DVCS
sin(¢- ¢)sin¢
ALT,I
cos(¢- ¢ )cos ¢
ALT,I
sin¢
AUL
sin(2¢)
AUL

cos(09)
ALL

cos ¢

ALL

cos(29)
ALL

Caroline Riedl (DESY) - Dvcs Amplitude Value

Hyd
W DVCS 1 Doueram
_% | O  Hydrogen Preliminary
emes G
ey,
® 3
= =
H—C—H
(B) I-I—‘:—Hl
|—.—|: H——
TR
o—
s
(D) N B i i O H
(E) i
H_E__H —C0—
) R
I: H ® H
-03 -0.2 -0.1 0 0.1 0.2 0.3
16

Unique &
complete set

Fourtier ,
of asymmetries

Amplltudes

) Beam-charge asymmetry:

GPD H [JHEP 11 (2009) 083 - Nucl. Phys. B 829
(2010) 1-27]

(B) Beam-helicity asymmetry:
GPD H [JHEP 11 (2009) 083 - Nucl. Phys. B 829
(2010) 1-27]

(C) Transverse target-spin asymmetry:
GPD E from proton target [JHEP 06 (2008) 066]

(D) Double-Spin (LT) asymmetry:
GPD E [to be published 2011]

(E) Longitudinal target-spin asymmetry:
GPD H~ [JHEP 06 (2010) 019 - Nucl. Phys. B 842
(2011) 265-298]

(F) Double-spin (LL) asymmetry:
GPD H [JHEP 06 (2010) 019 - Nucl. Phys. B 842
(2011) 265-298]

HERMES: <Q?>=2.46 GeV?,

<xg>=0.10, <-t>=0.12 GeV?
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cos(09)
AC

cos ¢
AC

cos(2¢)
AC

cos(3¢)
AC

sin¢
ALU,I

sin ¢
ALU,DVCS
sin(2¢)
ALU,I
sin(¢- ¢,)
UT,l
sin(¢- ¢,)
UT,DVCS
sin(¢- ¢ ) cos ¢
UuT,l
cos(¢- ¢)sin¢
UuT,l
cos(¢- ¢,)
LT,
cos(¢- ¢,)
ALT,BH+DVCS
sin(¢- ¢)sin¢
ALT,I
cos(¢- ¢ )cos ¢
ALT,I
sin¢
AUL
sin(2¢)
AUL

cos(09)
ALL

cos ¢

ALL

cos(29)
ALL

-+

ernjes

(A)

® Hydrogen
A Deuterium

O  Hydrogen Preliminary

W DVCS

(D)
) C"_K ~
s Im H
— ® E:::: — ~
O T RReH
03 02 041 0 01 02 03
|6
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Unique &
complete set

Fourtier ,
of asymmetries

Amplltudes

) Beam-charge asymmetry:

GPD H [JHEP 11 (2009) 083 - Nucl. Phys. B 829
(2010) 1-27]

(B) Beam-helicity asymmetry:
GPD H [JHEP 11 (2009) 083 - Nucl. Phys. B 829
(2010) 1-27]

(C) Transverse target-spin asymmetry:
GPD E from proton target [JHEP 06 (2008) 066]

(D) Double-Spin (LT) asymmetry:
GPD E [to be published 2011]

(E) Longitudinal target-spin asymmetry:
GPD H~ [JHEP 06 (2010) 019 - Nucl. Phys. B 842
(2011) 265-298]

(F) Double-spin (LL) asymmetry:
GPD H [JHEP 06 (2010) 019 - Nucl. Phys. B 842
(2011) 265-298]

HERMES: <Q?>=2.46 GeV?,

<xg>=0.10, <-t>=0.12 GeV?
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Global analysis

Global fit to H(x,&=x,t) from DVCS data

0.5p ) . "
- === HERMES, CLAS
t=-0.3GeV? CHALLA
0-4'\
~ % _
of DV(CS data 2 2
See talk E’ ON
ey ) . 0.2} = ".'
e Kresimir Kumericki & Dieter Miiller \PY K- Kumericki ) - & \
Nucl. Phys. B841 (2010) 1-58 = §
e Global fit to extract GPD H at cross-over line €=x. NNLO t=0 'l'
e HERMES Ac, CLAS ALy and Hall A x-section. GPD H 0.0 — YT YT stk
e Small-x behavior from HERA collider data. y
JLab Hall A JLab CLAS HERMES
4 ) e e o Compton Form Factors
. X.,=0.36 Xoi=k)2S X,=0.09
Desirable: i . b &
A - e Herve Moutarde PRD 79, 094021 (2009)
observables . &4
as possible 7eye N . - e Global fit to extract Re(H) & ITm(H)
sensitive to | .
different CEFs e e e Hall A x-section & CLAS Ay
K j | B = B
ol © |t e Michel Guidal arxiv:1011.4195
- Guidal A e  Model-independent fit of Re(CFF) & Im(CFF)
% Moutarde i S e e ———
Miller/ £ L  HERMES:Ac, ALy, Aut, AuL AL
— Miiller E |
Kumericki = | 3 ® CLAS: Ay, Aul
Vele ¢ O a2y ; ® Hall A: x-section
I.7
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f

—

hfts

6 (2008) 066

GPD E
TTSA, BSA

Transverse target-spin
asymmetry

- 8.1% scale uncertainty ! 1 1 AUT ; R
................... Ju=8’.g - -
[ B ] T I 0.2 <]
3 ; —7 . S — Model curves:
| VGG Regge, no D-term
5 ] T T : 3 different values for J,
T T ] fixed Jg=0
' Eur. Phys. ] C46 (2006) 729
1 |
l I L+__+_m:_'l' i
T ¥
N | T = |
'012'024i016'20'0.'1 0.2 0.3'0'2"4i62'8'1'g
overall -t (GeVY) Xp Q" (GeV?)

(A) HERMES: ep' = epy : H-E (transversely polarized target)

—
(B) Hall A: e n = e n Y : E dominant for the neutron (unpolarized target)

|18
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Total angular momentum

of quarks

Ji sum rule | 1

for the nucleon —lim [ dxo[HYz, 1)+ Bz, 1))

2 t—0 1
-Ji, PRL 78 (1997) 610-

e Hall A/]Lab, deuteron target (E03-106).

e Quasi-elastic proton contribution
subtracted from deuteron signal.

e Beam-helicity asymmetry on the neutron:

e  3C
®~ [ === This experiment i
_9: 2F- p ALUsmd) % s
E e I_ - J'=-0.6
= i i o A J,=0.3
:_ — e i i — J,=0.6
- S Jd:0.8
.o~ ==== AHLT calculation [36]
3= VGG calculation [37]
-4:1.llll.lllllll.llll.lllllll.lllllll.ll
-0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 -0.1
t (GeV?)

Hall-A Phys. Rev. Lett. 99, 242501 (2007)
Caroline Ried| (DESY) - DVCS

19

Nucleon spin

1/ + Jg

PHOTON20I I, May 201 |



Total angular momentum

of quarks

Ji sum rule
for the nucleon
_Ji, PRL 78 (1997) 610-

1 1
— lim

e Hall A/]Lab, deuteron target (E03-106).

e Quasi-elastic proton contribution

de x[H%z,&,t) + E9(x, €, 1))

Nucleon spin

1/ + Jg

1 1
subtracted from deuteron signal. -
0.8}
e Beam-helicity asymmetry on the neutron: 05 JLab Hall A
n-DVCS
g 3 ; 045 ol 3
“~ £  ==m= This experiment sin® S ;
— ‘ 0. :
g % AL 04| HERMES # \ o2 50501850,
s fFfF —- I. s CLAS oo — L, —
- ssssslessssspunsssshesnsnensnncshoecssas J,=0.3 asurement ./ iPDs [36 :
O ' * 'F LT T m S -1\3“ zl-((Jc‘[j')f[-.; (Jlll.v':l‘f'l'u'~:'ll [40]
- i B & m, -0.21- OLattice QCDSF (unquenched) [41] |
s = eee—eeeee B 'Ju= 6 CILHPC Lattice (connected tenms) [42]
= J,=0.8 to Jq: ;
— ===-= AHLT calculation [36] I . k 0'4. GPDs from : |
= | Goeke et al., Prog. Part. Nucl. Phys. 47 22001), 401.
3= VGG calculation [37] 0.6~ Code VGG (vanderhaeghen, Guichon fuu Guidal)
4E- 08| HERMES
G TR 120k VOB o A Y T o U VAT T VA1 Gt RN T Y 1 2 W Lot R v M e W W lect IR Lo WY i W [T WO AT e I p’DVCS ‘
-0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 -0.1 I SN T B B e —— |
4 -1 08 06 -04 02 -0 02 04 06 08 1
(
Hall-A Phys. Rev. Lett. 99, 242501 (2007) et ’|9 Ju
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1,\&XP
)

Im(C

Total angular momentum

of quarks

Ji sum rule ! .
for the nucleon ~ lim

2 t—0 1
-Ji, PRL 78 (1997) 610-

e Hall A/]Lab, deuteron target (E03-106).

de o [HY(x, €, 1) + £9(x, €, )]

Nucleon spin

1/ + Jg

e Quasi-elastic proton contribution r “
subtracted from deuteron signal.
e Beam-helicity asymmetry on the neutron:
3c
. £ ==m= This experiment sin® J
=3 Aru =04 HERMES + Caveat: model-dependent constraint
L ) s on Ju+kJa
R #'f'i”—'—’ =02 | e sensitivif GPD models are far from describing
A — P , J,=0.6 .
E ﬁ l 1208 to Jq: all available data equally well !!
.o— ===-= AHLT calculation [36]
3E-  —— VGG calculation [37]
-43—11.xlll.llxxxxl.xxxl.xxxlxxx.lxxx111.1
-0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 0.1
t (GeV?)

Hall-A Phys. Rev. Lett. 99, 242501 (2007)
Caroline Ried| (DESY) - DVCS
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nuclear mass number A

Beam-charge asymmetry

@ How does the nuclear medium\

modify parton-parton correlations?

¢* How do nucleon properties change
in the nuclear medium?

«¢* Enhanced ‘generalized EMC effect’,

coherent
enriched

incoherent
enriched

K rise of Tpycs with A? /

Caroline Ried| (DESY) - DVCS

(

A sin¢
LU,(L,+)

20

-t> _tincoh.) A sine (_t < _tcoh.)

LU,(L,+)

o
N

o
N

I
»

o
=Y
T T

o
T

o
T

Phys. Rev. C 81 (2010) 035202

DVCS nuclear effects

ALus"? vs. A

Nuclear medium

<¥ Average

} } 5 ; } AL/ Aot
| 0.91+0.19
¥ 0.93+0.23

}

10

nuclear mass number A

Beam-helicity asymmetry

2
10
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Wk

érmbs DVCS nuclear effects

Accos?® vs, A

Phys. Rev. C 81 (2010) 035202

ALus"® vs. A

Nuclear medium

0\‘ I I L]

1 10

Beam-charge asymmetry

K ¥ Average
I coherent i’. 02 AoA/ A H:
: } enriched g’i E } 7 ¢ } U il
) <™ 0.91+0.19
| . l F 0.93+0.23
incoherent | « | ¥
{ I enriched | 2 02 ¢ } jL % }
N 'y,<3“0.4 N N
nuclear mass nur:'lober A ! 10 nuclear mass nur1l$b2er A
Beam-helicity asymmetry
GPD H:~ GPD H;5~ GPD Ha

rise of Tpycs with A?

-

d How does the nuclear mediuh

modify parton-parton correlations?

¢* How do nucleon properties change
in the nuclear medium?

¢* Enhanced ‘generalized EMC effect’,

/

Caroline Ried| (DESY) - DVCS
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The Future of DV(CS

® Jefferson Laboratory S

Q?[GeV?]

-—

® Hall A (E07-007 for p, E08-025 for n): 10* /
Interference-DVCS? separation and Q*-dependence &
of total cross-section (2010) L o !

® CLAS: transversely polarized HD-Ice target (2012) 10 0 .

® jLab 12 GeV upgrade: Q2 =13...14 GeV?, e+ beam

o COMLISS @ CERN
See talk by A. Ferrero

® 1008-09: DVCS testruns, small Recoil detector

® 2012-15: GPD H,

|arge Recoil detector: beam-charge and -spin asys + x-section

® 2015+ (9): GPDE,

transversely polarized target

21
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L

The Future of DV(CS

® Jefferson Laboratory ;

® Hall A (E07-007 for p, E08-025 for n):
Interference-DVCS? separation and Q?-dependence
of total cross-section (2010)

Q?[GeV?]

® CLAS: transversely polarized HD-Ice target (2012)

® jLab 12 GeV upgrade: Q2 =13...14 GeV?, e+ beam

COMPASS P < X Im(Tpvcs)
¢! * @ CERN : W . 78 integral over x
See talk by A. Ferrero o _ Yot
° . . e " 3 Im(Tpvos)
2008-09: DVCS test runs, small Recoil detector T—_— x| <E
— .o A DDVCS
Ta0 | [
| EN J { Lf“:‘.;’ 4

® 2012-15: GPD H,

aov €S
P, 14 < . L

Iarge Recoil detector: beam-charge and -spin asys + x-section

® 2015+ (9): GPDE,

transversely polarized target
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The Future of DV(CS

® Jefferson Laboratory ‘

® Hall A (E07-007 for p, E08-025 for n):
Interference-DVCS? separation and Q?-dependence
of total cross-section (2010)

Q?[GeV?]

® CLAS: transversely polarized HD-Ice target (2012)

® jLab 12 GeV upgrade: Q2 =13...14 GeV?, e+ beam

4

o COMEASS @ CERN
See talk by A. Ferrero

. _ — - AN Im(Tovcs)
® 5008-09: DVCS test runs, small Recoil detector 0.5 T~ N A ME

DDVCS

2" Mo 1o

- Ad T :
B - =x|| e Future Electron-lon Collider

i ==l ELIC @ JLab or eRHIC @ BNL:
i . Vs =20-70 GeV

large Recoil detector: beam-charge and -spin asys + x-section (HERMES: 7 GeV)
5 Be and -spin asy ENC @ GSI: s = 40 GeV, ...

® 2015+ (9): GPDE, See talk
transversely polarized target by T. Schoerner-Sadenius o [ HeC
21
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DVCS measurements =
over the years

H1 @ DESY ZEUS @ DESY
Cross-section Cross-section

HERMES @ DESY
BSA

CLAS @ JLab
BSA

List does not claim
to be exhaustive.
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DVCS measurements -
over the years

p & v 4 P
HERMES
BCA HERMES
H1 @ DESY || ZEUS @ DESY CLAS Hﬁgﬁs pol-H, -D;
Cross-section Cross-section LTSA nuclear

o] ooy oy ooy o .

HERMES @ DESY
BSA 2007] 12009
- -
H

~
CLAS @ JLab CLAS 1 HERMES
BSA BSA BCA results with
Hall A @ JLab Recoil
cross-section
(p,n)

List does not claim
to be exhaustive.
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DVCS measurements -
over the years

p & v 4 P
HERMES
A HERMES CEI?I:IM Ppr‘s Sra@m
H1 @ DESY |[ZEUS @ DESY cLas | [TERMESH bol-H, -D; I\ progr
. . TTSA with Recoil
cross-section cross-section LTSA nuclear

o] ooy oy pooy Py Eor

- >

HERMES @ DESY
BSA 2007] 12009
A I _a -
H

BSA BSA BCA results with pol target
Hall A @ JLab Recoil JLab 12
Cross-section
(p,n) EIC

List does not claim
to be exhaustive.
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-0.2
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DVCS double-spin LL
asymmetry

==z VGG Regge p+n

11 VGG Regge p

] Proton:

%’]TD (incoherent)

A ___4* A % ;++ .
BT
overall -t [GeV?]

Nucl. Phys. B 842 (201 1) 265-298
Caroline Ried| (DESY) - DVCS

e coherent fraction
o resonant fraction

0.4 -

c R o (@]

[ [ [ o

© 02 e T °

© o o

= o+------"-"}F---"-- o __ @®---
il 1
107!

overall -t [GeVZ]
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GPD H~

Search for

coherent

coherent

Bethe-
Heitler

Deuteron:
probe spin-1
object

incoherent

Nucleon:
probe spin-1/2
object
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GPD H;-~

A .
%g@ﬁg DVCS beam-helicity

ASYMMETIY on the deuteron | emer:

==z VGG Regge p +n [] unpolarized: RQ(’J‘[D
H,
tensor structure

function
in the forward limit

B tensor-polarized (P,,=0.827):
Re(#143)

for coherent scattering
at low values of -t

" 1
DVCS A7z (tensor asymmetry)

singp amplitude:
0.074 £ 0.196 = 0.022
(-t<0.06 GeV?, 40% coherent)

overall -t [GeVZ] |
Nucl. Phys. B 842 (201 1) 265-298 y
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