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= a very brief introduction
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» DVCS & DVMP: selected results > see additional
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why GPDs ?

‘spin puzzle’ SZ:%:J‘HJQ:%Zqu+L‘;+Ag+L§

f

=~30% =Zero

Eq =+ (0 requires orbital angular momentum

= -—

1 1
proton helicity flipped while J9 = E :[1XdX [H | (X, 5, t) X, f, t)] t=0

qguark helicity is conserved [X. Ji (1996)]
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'spin puzzle’ SZ:%:J“+J9:%Zqu+L§+Ag+L§

f

=~30% =Zero

Eq =+ (0 requires orbital angular momentum

= - 1 1
proton helicity flipped while J9 = E JleX [H | (X, f, t) X, f, t)] t=0

qguark helicity is conserved [X. Ji (1996)]
nucleon imaging: FT (GPD) - impact parameter space b, : spatial distribution in
: transverse plane
sea quarks pion valence
gluons e ek (transverse distance from

xP
/7_. proton center of momentum)
b

longitud.

'_ | _— [M. Burkardt(2001), M. Diehl(2002)]
/

/

[fig: courtesy C. Weiss]



how to constrain GPDs ?

Q? =
/ Q2>>, t<<

appear in factorisation theorem
for hard exclusive processes




how to constrain GPDs ?

Q? =
/ | Q2>>, t<<

appear in factorisation theorem
for hard exclusive processes

» Spin ¥z target:
4 leading-tw, chiral even q & g GPDs: H, H conserve nucleon helicity
E, E involve nucleon helicity flip
+ 4 chiral odd (‘transversity’) GPDs, which flip the parton helicity

H; - related to transversity
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» DVMP: flavour decomposition & gluons VM > H, E
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= DVCS: most clean process, (some) flavour dependent

information from p & n target OR: evolution

» DVMP: flavour decomposition & gluons

appear in factorisation theorem
for hard exclusive processes
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how to constrain GPDs ?

Q? =
/ Q2>>, t<<

appear in factorisation theorem
for hard exclusive processes

= DVCS: most clean process, (some) flavour dependent
| | | pY 2u+d, 9g/4
information from p & n target OR: evolution W 2u-d, 3g/4
= DVMP: flavour decomposition & gluons (|) S, @
| = factorisation only for o, oM u—d
BUT : " meson distribution amplitude needed .
.= large NLO & power corrections ! J/L[J g




link GPDs & observables

1 N

Ty =[H,&HE|(EHQ),  FEHQ)= | dxCENFxELD),

complex DVCS amplitude Compton Form Factor (CFF)

= X is mute variable (integrated over), needs deconvolution
—> apart from ‘cross over’ trajectory (x= ££) GPDs not directly accessible

= extrapolation t > 0 model dependent

Cross section & beam charge asymmetry
—_ Re(T DVCS):
integral of GPDs over x
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beam or target spin asymmetries
—_ |m(T DVCS),
l.e., GPDs @ x= +¢&




link GPDs & observables

—_ — 1 v
T =|H,EH,E|(ELQD),  FEtQ)= f dx C(&,x) F(x,&,1,QP),
-1
complex DVCS amplitude Compton Form Factor (CFF)

= X is mute variable (integrated over), needs deconvolution

—> apart from ‘cross over’ trajectory (x= ££) GPDs not directly accessible

= extrapolation t > 0 model dependent

Cross section & beam charge asymmetry
| ~ Re(T bVes):
: integral of GPDs over x

Sa

’

H(x,5,0)
10
7.5 beam or target spin asymmetries
2-24 l.e., GPDs @ x=+¢
O V5
2.5}

> x scan of GPDs: " double’DVCS: JLabl2 (?)
= Q2 evolution: EIC



the ideal experiment for measuring
hard exclusive processes

Q2>>, t<<

» high & variable beam energy

-> ensure hard regime
- wide kinematic range

—> L/T separation for ps meson prod.

= high luminosity
- small cross sections
—> fully differential analysis

= hermetic detectors
—> ensure exclusivity



the ideal experiment for measuring
hard exclusive processes

Q2>>, t<<

» high & variable beam energy

-> ensure hard regime
- wide kinematic range

- L/T separation for ps meson prod.

= high luminosity
- small cross sections
—> fully differential analysis

= hermetic detectors
—> ensure exclusivity

... doesn’t exist (yet)...



= polarised 27GeV e+/e—
= unpolarised 920GeV p

= =fyll event reconstruction

= polarised 27GeV e+/e-
%l = long+transv polarised p, d targets
S unpolarised nuclear targets

" missing mass technique
= 2006/7 data taken with recoil det.
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experimental prerequisites

= polarised 27GeV e+/e—
= unpolarised 920GeV p

= =fyll event reconstruction

= polarised 27GeV e+/e—
= long+transv polarised p, d targets
unpolarised nuclear targets

" missing mass technique
= 2006/7 data taken with recoil det.

= highly polarised, high lumi 6GeV e-
» long polarised effective p, n targets

= CLAS: full event reconstruction
= Hall-A: missing mass/energy technique

= highly polarised, 160GeV pn
= long+transv polarised effective p, d
targets

* missing mass/energie technique




results on /off the menu

data over wide kinematic range: HERA-collider > (COMPASS) - HERMES - JLab

O VM production - H, E
= low X: gluon imaging
= high x: quarks & gluons; role of NLO contributions

= [ow W data from Jlab

= SDMEs / amplitudes

~

U ps meson production = I:I, If, ﬁT,ET

= role of transverse photons, power corrections & chiral-odd GPDs

4 DVCS 2 H, E, ﬁ, E .. the golden channel & most rich plate
» nuclear modification of DVCS amplitudes: HERMES

O hunting the OAM



VM production @low X

energy dependence probes transition from soft to hard regime

2 VRN
Q W’V“'( ( hard )

do/dt ~ e?Itl

///%/,%7



VM production @low X

energy dependence probes transition from soft to hard regime
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gluon imaging: J/y

energy dependence probes hard regime; FT - average impact parameter

do/dt ~ ebltl O e () S/

» FT - average impact parameter

(b? (%))

distance between active
guark/gluon and proton center of

momentum
[M. Burkardt(2001), M. Diehl(2002)]

[fig: courtesy C. Weiss]



gluon imaging: J/y

energy dependence probes hard regime; FT - average impact parameter

[Frankfurt, Strikman, Weiss (2011)]

do/dt ~ e 2ltl
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» FT - average impact parameter

(b? (%))

distance between active
guark/gluon and proton center of

momentum
[M. Burkardt(2001), M. Diehl(2002)]
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[fig: courtesy C. Weiss]



o(p) [nb]

VM production: from low > high X

= NLO corrections to VM production are large @typical kinematics of
COMPASS/ HERMES/ CLAS12 [Mm. Diehl, W. Kugler (2007)]

= ... despite, LO GPD model (handbag fact.; DD ansatz): [S. Goloskokov, P. Kroll (2007, 2010)]
+ power corrections

10°
A0 Zeus
10° m Hil
1 ~
10E B 5 = LO GPD
10°F W =75 GeV _
- + power correction
10 :
4 6 10 20 40 60 100

Q% [GeV?]



VM production: from low > high X

= NLO corrections to VM production are large @typical kinematics of
COMPASS/ HERMES/ CLAS12 [Mm. Diehl, W. Kugler (2007)]

= ... despite, LO GPD model (handbag fact.; DD ansatz): [S. Goloskokov, P. Kroll (2007, 2010)]
+ power corrections

55 | | | O Zeus <& Compass

4:_ B Hl ® Hermes

g _

N T~ w=90Gev

1 >~ w=10Gev

1™~ w=50ev

02 3 ﬁll 5 é 7 é é10 ...does NOT work for low W of CLAS

Q’[GeV]



VM production: from low > high X

= NLO corrections to VM production are large @typical kinematics of
COMPASS/ HERMES/ CLAS12 [Mm. Diehl, W. Kugler (2007)]

= ... despite, LO GPD model (handbag fact.; DD ansatz): [S. Goloskokov, P. Kroll (2007, 2010)]
+ power corrections

dominance of gluon exchange contrib.
T T T | T T T T

5 . : . _ '
: 'm0 H1, ZEUS (I)
4t 102__A E665 __
: s . ® HERMES ;
3E — | O cCLAS :

[ 2
of L

: = 10 ';
i 1 e

: Q2=23.8GeV? |
0' \ | , I N B 100 . o , , o

2 3 4 5 6 7 8910 4 6 810 20 40 60 100
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pS meson production

-- role of power corrections & longitudinal-transverse transitions --

%@Z ep —>nrxz’




pS meson production

-- role of power corrections & longitudinal-transverse transitions --

f =

s yponrxt

[PLB659(2008)]

GPD model for 4oL

dt’

with power corrections

leading-order calculations

Vanderhaeghen, Guichon,Guidal PRD60(1999)094017
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pPS meson production

-- role of power corrections & longitudinal-transverse transitions --

f =
% ‘ponxt
s Yy P T [PLB659(2008)]
—_ ) 1<Q*<2GeV? [g 2<@<3GeV* [\ 3<Q@*<4GeV? [ 4< Q<11 GeV?
L 10 2 n “-;\ 0.02<x5<0.15 |\, 0.06 <x5 <023 | 0.11<xg <031 Ly 0.15 < x5 < 0.55
S B\ " g -
= g N e,
5 10 =2 > = = ..'x‘I\ — .‘E\‘l-.\
5 S R RN
E | Ll 3| 3\
T 1F \ , U E . = ‘ = o
:I 111 | 11 IL} | L1 |.|'*.| L 11 |\I\:I | | | I\I'I | | 111 | I‘.I'-I | | | :I L1 1 | I\I L1 | 111 | | I-'I'I | | :I L1 I‘| | | | 111 | I‘Ih*l- | | |
0 0.5 1 1.5 20 0.5 1 1.5 20 0.5 1 1.5 20 0.5 1 1.5 2
' (GeV?) ' ( GeV?) 1 (GeV?) 1 (GeV?)
doy —+ — leading-order calculations . c
E— Wlth power corrections G
Vanderhaeghen, Guichon,Guidal PRD60(1999)094017 [Laget(2008)] ~  **rrett L

vk T+ P T+
HH‘/ - need of L/T separation,
— especially for lower Q2, higher t



pS meson production

-- role of power corrections & longitudinal-transverse transitions --

+ sin(g—¢s ) » arises from pure o, contribution
: T » NLO/power corrections cancel to large extend in asymmetry

1" [GeV?]



pS meson production

-- role of power corrections & longitudinal-transverse transitions --

+ sin(g—¢s ) » arises from pure o, contribution
: T » NLO/power corrections cancel to large extend in asymmetry

" [GeV?] - - + [Ge:vz]

—>significant contribution from L/T
interference, need to go beyond
leading-tw description



pPS meson production

-- role of power corrections & longitudinal-transverse transitions --

ep —> p 72'0 1 S'S¢ » any non-zero beam-spin asymmetry indicates L-T interference
(PRC7712008) ep = N (pieesa2010)] & Py F
< %1 s
a5 1]
<
0.5 jﬂ,ﬁﬁ#“”*
O f -
[ sino
05| Ayt ©
| | L L
0 0.2 04 0.6
4t [GeV?]

- —>significant contribution from
| | | | | L/T interference, need to go
beyond leading-tw description




pS meson production

-- role of transversity GPDs --

» Cross sectionsvst - o; parametrized employing transversity GPDs (and

assuming factorization) [Goldstein etal.(2011), Goloskokov and Kroll (2011)]
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— 200 &
™~ - -
3 E o, +e07 100 F
< 0 mococessaoiiiiiiinn 0 F
L A ML EE A :
L 00 { TR -100 F _
4 n G -
© ol E LT =200
= -200 | { ;
: _3 r
O e L O O i aeean0e6ass
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2
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curves: GPD model calc.s with dominant contributions from transversity GPDs

[Goloskokov Kroll(2011)]
------------ [Goldstein etal.(2011)]



Deeply virtual Compton Scattering

DVCS Bethe-Heitler

2 2 * *
do oo T, |* +| Toves |~ + (TenToves + TovesTan)
- bilinear in GPDs - linear in GPDs



Deeply virtual Compton Scattering

DVCS Bethe-Heitler

¢

@H1&Zeus
DVCS = Bethe-Heitler

2 2 * *
do oo Ty |” +| Toves | + (TenToves + TovesTan)
- bilinear in GPDs - linear in GPDs

LO sea quarks + NLO gluons



dopycs/dt (Nb/GeV?)

10

1

10

...}...,
/

H1

W = 82 GeV

» 0° =8 GeV*

& OF =155 GeV?
v O = 25 GeV?

0

0.1 0.2 0.3 0.4 0.5
-+t (GeV?)

0.6

0.7

0.8

extracted transverse size (as
before for VM)  [H1, PLB659(2008)]

J(b?) =(0.65+0.02) fm

@ xg=1073
<Q2>=8.0 GeV?



DVCS

Bethe-Heitler

@H1&ZEUS
DVCS = Bethe-Heitler

 @HERMES/JLab |
' DVCS << Bethe-Heitler:

2 2 * *
do oo gy |+ Toves |” + (TanToves + TovesTen)
- bilinear in GPDs - linear in GPDs, information about phase

—> access to Re and Im parts of CFFs



DVCS

Bethe-Heitler

@H1&ZEUS
DVCS = Bethe-Heitler

 @HERMES/JLab |
' DVCS << Bethe-Heitler:

- bilinear in GPDs - linear in GPDs, information about phase

isolate interference term:

= different beam charges: e*e~ only @ HERA, upcoming @ COMPASS

= polarisation observables: AGUT

¥ ™\

beam  target
U, L UL T

Unpolarised, Longitudinally, Transversely polarised



‘ § 7
DVCS interference term 44

Spacromatar

= different beam charges: e*e~ only @HERA, upcoming @ COMPASS

= polarisation observables:

AGy1 (9,9s,...)
4

beam  target
U, L UL T
Unpolarised,

Longitudinally,
Transversely polarised




£
DVCS interference term %@fé

DVCS cross section in full glory: [M. Diehl]

do(lp — lyp) ~
doiigt + epdoty +dotl; ¢°
+ P, Sy doPH +e,P,Sp dot, + P.SpdoP) “°
+ PySpdoPH 4+ e, PySydotp + PiSpdory ©°
+ePrdoty  + Prdofy ©°
+e,5] da{]L + 57 daDVCS

+ oSt doly 4+ Spdofy ©°.

€¢ beam charge
P, longitudinal beam polarisation

St ST Longitudinal or transverse target polarisation
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DVCS interference term %@é

DVCS cross section in full glory: [M. Diehl]

do(lp — lyp) ~
doiigt + eoldoty, +dotl; ¢°
+ P, Sy doPH +e,P,Sy dot, + P.SpdoP) “°
+ PySpdoPH 4+ e,PiSt dotp + PiSpdory ©°
+ePrdoty  + Prdofy ©°
+ k.S da{]L + 57 daDVCS

+ ¢St doly 4+ Spdofy©°.

€¢ beam charge
P, longitudinal beam polarisation

St ST Longitudinal or transverse target polarisation



£
DVCS interference term %@fé

DVCS cross section in full glory:  [M. Diehl] do(ép — ¢yp) ~
dobt +epdotly
+ P,Sp doPl 4 e, PySp dot; + PiSp doP) <7
+ P, Sy doP¥ +e,P, Sy dol ;. + PiSydoP) S
+ e Py daLU + Py daDVCS
+e,Spdoty; 4+ Spdofy®

+eSpdoly 4+ Srdofyr©”.

T dO,DVC'S

fourier coefficients c,, and s, provide experimenal constrain on CFFs
example:



£
DVCS interference term %@é

DVCS cross section in full glory:  [M. Diehl] do(¢p — éyp) ~
dobt +epdotly
—I—PzSLdULL —I—engSLdULL —I—PgsLdO'DVCS

T dO,DVC'S

+ PySt dO’LT 4 e, PpSt dO’LT 4+ PSSt dO’DVCS

+engdaLU +Pgd0’Dvcs
+e,Spdoty; 4+ Spdofy®

+eSpdoly 4+ Srdofyr©”.

fourier coefficients c,, and s, provide experimenal constrain on CFFs

example: 5 9
doly o —er | 3k yos(no) + 43 (shkin(no)
T = n=
accessible linear combinations of CFFs, hence GPDs :
t
do! | OCF@ (F+F)H— F,(ER-.
4M F,, F, ... Pauli & Dirac FF

dominant contribution for proton for neutron



first DVCS signals

-- interference term --

_ (BH)*Im(DVCS)*sin

ALU
(BH2+DVCS?)

[PRL87(2001), 182001]

[PRL87(2001), 182002]

o~

||||||||

¢ (rad)
- sin¢ dependence indicates dominance of handback contribution



call for high statistics

do of Ty, |2 il |2 + (T;HTDVCS + TTDVCSTBH)

GU U o . - E00-110 BH
2—0 (nb/GeV") Eit Re (C)
dQ dx dtdg ---- Re(CH+aC'

s [ Re (CLy)

. - ) IPRLO7(2006)]
| <t>=-0.28 _GEV E | <t>=-0.23 :GEV 5 | <t>=-0.1T7 :GBV —

P S

I i
270

270 _ 360

I‘.l_lIII90||I1II.’:I:IHH2TI:IH”3-BI:I . .
o, (deg) o,, (deg) o,, (deg) o, (deg)

¢

360 o 80 180 270 360

[GPD model: VGG(1999)]



call for high statistics

do of Ty, |2 +| Toves |2 + (T;HIDVCS + TTDVCSTBH)

GUU P . « E00-110 BH
—dc __ (nbiGev?) Fit Re (G AC
dQ’dxgdtde, I T Regaly©

[PRLI7(2006)]
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Q* (GeV ?)

w

call for high statistics

DVCS beam-spin asymmetry [PRL100(2008)]

041
B i . 0.20<x ,<0.30
o2 8 Mg .
= R A S Pl \}‘q\
< F I * [ N ]
-0_2; \i\‘i ,"I ~ i\!“f“ .
; i | | | A (BH)*Im(DVCS)*sin
— -0+ ' ' : LU~
0 90 180 270 360
() T o, (BH2+DVCS?)
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L v N ;
------------ §~i:---------;
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call for high statistics

DVCS beam-spin asymmetry [PRL100(2008)]

. 041
e 020<x ,<0.30
7l 02f o FTRy — o .
L 5 IF '3 il 3D analysis in x, Q4, t
o <[ 04 <-t>=0.18 GeV? T <> =0.30 GeV? i t>=0.49GeV? [ <rt>=0.76 GeV?
o2 /] [ /34 B Wiy : i
3— i I §’ ; " I X {
7 e & \ J
-0.21- < - 7334/ F £ ¥/ r -
-0.4F - - , ! r i
(0] 360 360 360 360
L ¢ o ) 6
a sing
- T T AR
1+ccos¢

0.4



A
call for new analysis methods e

do of Ty, |2 +| Toves |2 + (T;HTDVCS + TTDVCSTBH)

combined analysis of charge & polarisation observables
- separation of Interference & DVCS? amplitudes



A —
call for new analysis methods e

do of Ty, |2 +| Toves |2 + (T;HTDVCS + TTDVCSTBH)

combined analysis of charge & polarisation observables
- separation of Interference & DVCS? amplitudes

e.g., beam-spin asymmetry:

o (PR, 8))= o, (8)- LA P AL (9) He P)AL (D) Ke A ()



A —
call for new analysis methods e

do of Ty, |2 +| Toves |2 + (T;HTDVCS + TTDVCSTBH)

combined analysis of charge & polarisation observables
- separation of Interference & DVCS? amplitudes

e.g., beam-spin asymmetry:
o (#R.€) =00y () LR AT (9 +e R Al () +e A(9))
» charged-averaged beam-spin asymmetry:

AV (=0 o oo )T ocsPFsing



A —
call for new analysis methods e

do of Ty, |2 +| Toves |2 + (T;HTDVCS + TTDVCSTBH)

combined analysis of charge & polarisation observables
- separation of Interference & DVCS? amplitudes

e.g., beam-spin asymmetry:

o (#iR, &) =0, (9)- il R AT (D) HeP)AL (96 A (9)]

» charged-averaged beam-spin asymmetry:

DVCS (4) = ( _O_+<—)_|_ (O.——> —O'_(_)/Z oC SDVCS sin ¢

» charge-difference beam-spin asymmetry:

DVCS () = ( H_nga—%_a—e)/z ocZizls,:sin(ngzﬁ) > Im(CFF)



A —
call for new analysis methods e

do of Ty, |2 +| Toves |2 + (T;HTDVCS + TTDVCSTBH)

combined analysis of charge & polarisation observables
- separation of Interference & DVCS? amplitudes

e.g., beam-spin asymmetry:

ow(#R.6) =0 (#)- 0+ R AL (9) +6R Al (946 Ao (9)]

» charged-averaged beam-spin asymmetry:
DVCS ($) = ( _O_+<—)_|_(O_——> _O_—e)/z o SDVCS sin ¢

» charge-difference beam-spin asymmetry:

VS (g =(c"" -0 )-(cT7 - )T Zn_ "sin(ng) - Im(CFF)
= beam-spin averaged charge asymmetry:

A@ =0+ Do +o )T w), creos(ng) > Re(CFF)



A
call for new analysis methods e

do of Ty, |2 +| Toves |2 + (T;HTDVCS + TTDVCSTBH)

combined analysis of charge & polarisation observables
- separation of Interference & DVCS? amplitudes

o (#R.€) =0y (9): 1‘« (#)4eR)AL @)e A (9)]

Zi: ,Cy COS(Ng)

[JHEP07(20012]
. __:__m____t_i_;;!__ __;;i;;:_-__;l_;_ ______
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10 10 10" 1 0



!A - ® Hydrogen
HERM ES DVCS A Deuterium
Bk = call for completeness
Azos({)q:) I-mi
Ccos i
A; N .4#. i —>charge asymmetry
AEGS
A=) “ Re (H)
AL | e ‘
AL i :
A ety | —>beam-spin asymmetry
Aiil;l,gvcs “_J,# Im (H)
A L
Af.i:,[.q;_q}‘) HH--— _
pzie-e) hoH | —> transverse target spin asymmetry
A e === Im (H-E)
A-l:;slw o )sino _
R o4
LTI 1
Alraetucs ——e—— - transverse-target double-spin
A-:iTn:m-ms)sinn: ' i ® a
Acos{,d)-ﬁrs)cos@ i Re (H-E)
A’ Y - longitudinal target spin asymm.
Asin(@0) H—.—lﬁ_‘_ﬂi —_~
::Jtlj_s{)st i Im (H)
ALL‘ ) —a— O
coso = i . i
Pu o —> longitudinal-target double-spin
AEEs(zm | o |' H——H |

04 03 -02 -01 0 01 02 0.3 Re (H)
Amplitude Value



hunting the OAM
1

E_Jq+39 Jao :—jxdx[Hqg(XétHqu(X ft)]t 0

> lattice results:
[P. Hagler etal.(2011)]

o4
g. b [
@ O.Sk—-" "
E =
o
Q@
S 02
e
»
s G .
= (WS at 4 Gev2|
._g ) Jd o] |:| T T T
£ G0 e
o) — B u
O

-0.1 ' ‘ — e P J

0. Ol 0.1 0.2 0.3 0.4 0.5 0.6
m*[GeV?]

{J‘“ = 0.236(6) & 47% of 1/2

Jd — 00018(37) & 1% of 1/2H_"{ Ju+d ~ 0.238 £ 0.008 £ 48% of 1/:




hunting the OAM
1

E_Jq+39 Jao :—jxdx[Hqg(XétHqu(X ft)]t 0

> lattice results: » GPD model tuned to VM:

[P. Hagler etal.(2011)]

[Goloskokov, Kroll(2008)]

0
- J J¢ A JY
a = b [
> OIS’/_J—P""" : . 0.250 | 0.020 | 0.015 | 0.214
@]
S o 0.276 | 0.046 | 0.041 | 0.132
S 0.225 | -0.005 | -0.011 | 0.286
g ™ FEatacey 0209 | 0013 | 0.015 | 0.257
£ o | 0230 | 0.024 | 0.015 | 0.228
(@] | =l = |
° 0.234 | 0.028 | 0.019 | 0.214
X .4 0.2 0.3 0.4 0.5 0.6
m[GeV?] variants for GPD E

J¢ = 0.236(6) & 47% of 1/2

-~
— Pact
.
P
-_ ). ~
{ TSR P R S R T T R e e s P P T R R

J%=0.0018(37) = 1% of 1/2

JuTd ~ 0.238 + 0.008 % 48% of 1/




hunting the OAM

- GPD models: J9 free parameter in ansatz for E

» sensitivity to GPD E (@fixed target exp. kinematics)

= pDVCS: A1 2 HERMES
= nDVCS: A, = Hall A

= meson prod. A : p° > HERMES, COMPASS

...also m, ¢, p*, KO




Si n((b—(bg)cus(b
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hunting the OAM

-- pDVCS : transverse target-spin asymmetry --

gg - GPD models: J9 free parameter in ansatz for E

0.2

A
=
9

1
&=
=

[JHEP06(2008)]

E 8.1%0 scale uncﬂtamt\

A
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J=0.6— —F
d4—XF

. -
Ayt =
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0.4 —3
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hunting the OAM

-- nDVCS : beam-spin cross section difference --

- GPD models: J9 free parameter in ansatz for E
[PRL99(2007)]

g 3F
“~ [ =—#= M Mazouzetal, PRL 99 (2007) 242501 [VGG]
O 2
"-é" — Ju=-0.4
= 1= +. J,=-0.6
- B===cslcccscpezsccprcssssnnnnahannnas J=03
OF ! £ ¥ * Ji=02
= J.=0.6
2  J=08
.o~ ---: S Ahmadetal, PR D75 (2007) 094003
_35_ — M. Vanderhaeghen et al., PR D60 (1999) 094017
E T T T e T T
-4 :_ 1 1 1 I L 1 [ L I L 1 1 1 | L 1 1 1 | 1 1 1 1 I L L L L l 1 1 1 l I 1 1 1 L
-0.5 -0.45 -0.4 -0.35 -0.3 -0.25 -0.2 -0.15 -0.1



hunting the OAM

» model dependent [VGG(1999)] constrain of J, vs J

> lattice
» GPD & TMD models
010 ———

Goloskokov & Kroll, EPT C59 (09) 809

(ST O*= 4 GeV?!
(=@ . [ Diehletal, EPJ C39 (05) 1
A
0.05 _ég 1 . Guidal et al., PR D72 (05) 054013
:E . Liuti et al., PRD 84 (11) 034007
0.00 _ é . Bacchetta & Radici, PRL 107 (11) 212001
[ © Y . LHPC-1, PR D77 (08) 094502
—-0.05 —é - . LHPC-2, PR D82 (10) 094502
[ Z "] QCDSF, arxiv:0710.1534
-0.10 - ] Wakamatsu, EPT A44 (10) 297
HERMES H—{iigglolfagg?ﬁ . Thomas, PRL 101 (08) 102003
015 Thomas, INT 2012 worksh
01 02 0.3 0.4 0.5 L Thomas WORTOP

Ju+ﬁ

[figure taken from Bachetta&Radici, PRL107(2011)]



conclusions
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HERA collider COMPASS HERMES / JLab
104 < x5 < 0.02 0.02<x;<0.4 / 0.1<x3<0.6
sea quarks & gluons (gluons) (valence) quarks

DVCS, VM DVCS, (mesons)

* increasing amount and precision of experimental data
= |[arge variety of different observables (however, many still with limited precision)

= progress in model calculations, plenty of room for more work...



conclusions & perspectives
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* increasing amount and precision of experimental data
= |[arge variety of different observables (however, many still with limited precision)

= progress in model calculations, plenty of room for more work...

= pbright future for GPD studies:

- JLab12: DVCS in valence kinematic region
- COMPASS-II with recoil: DVCS & VM in transition kinematic region



[ Volker Burkert, ‘Enrico Fermi’ physics school, Varenna, Italy, July 2011 |

12 GeV Approved Experiments by Physics Topics

[http://www.jlab.org/12GeV/]

Topic HallA | HallB | HallC | HallD | Total

The Hadron spectra as probes of QCD (rated)

(GlueX and heavy baryon and meson spectroscopy) 1 1 2

The transverse structure of the hadrons (rated)

(Elastic and transition Form Factors) 4 2 3 9

The longitudinal structure of the hadrons (rated)

(Unpolarized and polarized parton distribution functions) 2 2 4 8

The 3D structure of the hadrons (unrated)

(Generalized Parton Distributions and Transverse Momentum | _— (*)

Distributions) _ 3 8 4 15 2
—~

Hadrons and cold nuclear matter (rated)

(Medium modification of the nucleons, quark hadronization, N-N

correlations, hypernuclear spectroscopy, few-body experiments) 1 2 9) 8

Low-energy tests of the Standard Model and Fundamental

Symmetries (rated) 2 1 3

TOTAL 12 15 16 2 45

Current PAC approved experiments represent over 6 years of running at 35 weeks/year

(*) 3 new approved proposals on the topic @Hall B since then



DVCS @CLAS12 [2014+]

[http://www.jlab.org/12GeV/]

N

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
XB

» fully differential analysis
» watch requirement t << Q?
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DVCS @Hall A [2014+]

DVCS measurements in Hall A/JLab |

[http://www.jlab.org/12GeV/]

| 116eV7
/

GeV?

i

wa<4
Unphysical with E <11 GeV
[ E.=66Gev

[ ] E..=88Gev

[ ] Eun=110Gev

|:| E,...= 5.75 GeV

A;!H’!”Fﬂ Y G S Sl Il I

0.1 0.2 0.3 04 05 0.6 0.7 0.8 D.QXB_
j

0 et

> fully differential analysis
» watch requirement t << Q?



DVCS @COMPASS-II 2014+

ch/record/1265628]

://cdsweb.cern.

[http
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DVCS

@COMPASS-II 2014+

» DVCS cross section: slope parameter b; do/dt~ eIt
—_ 8
"i‘> - [http://cdsweb.cern.ch/record/1265628]
W i
M !
= °f A
4 [ - -
i - ZEUS <@*>-32cev GOMPASS projections
a v HI-HERAT <Q’> =4GeV’
2 - + HI-HERATI <Q*> =8GeV? + ¢ o o +
i with ECAL1+2
- « COMPASS < Q’> =2GeV’
0 280 days at 160 GeV
I ¢ ¢ o o o
L with ECALO+1+2
i | | l L1 1 I| | | l L1 11 | l L1 1 11 | |
10" 10° 107 107" Xg




DVCS @COMPASS-II 2014+

> DVCS beam helicity & charge asymmetry AX*(t, X;)

25 04 =5 04p =5 04
8 & o35k 0.005 < X< 0.01 0.005<x 8 8 pasF 0-01<Xg <0.02 8 8 pasp 002 <Xy <0.03
< 0.3f- == Compass projected ' < 0.35_ == Compass projected < o03f == Compass projected
0.252—
0.2 —
0.152—
01F
0.05F-
0 ;_W ______
0.05F-
:....|....|....|....|....|....|....|....
0% 02 03 04 05 06 3 0. 01 02 03 04 05 0% 61 02 03 04 05 06 0.8
tr(@evic) "t [cevicy] S [(Gevich]
oo 04
84 0.15 0.30 .’
: . j < U S 038E| <Xg; <. R x<0.3
projected ] j 0.3F4 == Compass prgje&ted ’
= Hermes JHEP 091
+,
001 0z 03 04 05 0.8 0b01 02z 03 04 05 0% 02 03 04 05 06 0.8
°1 [(cevicy] "t lcevicy] r(@evicf]

[http://cdsweb.cern.ch/record/1265628]



conclusions & perspectives
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* increasing amount and precision of experimental data

= |[arge variety of different observables (however, many still with limited precision)
= progress in model calculations, plenty of room for more work...
= pbright future for GPD studies:

- JLab12: DVCS in valence kinematic region
- COMPASS-II with recoil: DVCS & VM in transition kinematic region
- EIC: mapping GPDs from Q2 evolution of DVCS & from meson production
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exclusivity

@ the HERA collider experiments

_... ~ hermetic detector

—> p escapes through beam pipe

LPS: p tagged control sample



dN/dt (GeV?)

- exclusivity

@ the HERA collider experiments

LPS: p tagged data sample

* e-sample: BH control sample

e+e-, J/y bg-sample

BH+e e +J/y
BH

B -sample: BH+DVCS

—— BH
; BH+FFS (DVCS)
AT T

- gl @ (BH+DVCS) - BH
T B FFS (DVCS)
01 02 03 04 05

It] (GeV?)



?)

dN/dQ” (GeV

N
o
o
o

5000

1000

o

- exclusivity
@ the HERA collider experiments
full data sample
X INCLUSIVEﬁE Y e-sample: BH control sample
e+e-, J/y bg-sample
-------- BH+e e +J/y
bl EH
- . B -sample: BH+DVCS
" l_.""=--.-- —— BH
P e BH+FFS (DVCS)
: 5....5 @ (BH+DVCS)-BH
Hadll TR RERSE FFS (DVCS)
10



exclusivity

fixed target: via missing mass / energy

s ~
jﬁ , L X=p |
on_s_ g e e'data ~ _
S i |l (ep—>e yX) o edata / part of the signal
S | — MCsum [/
2 R 1 1 elastic BH
0.2— mm associated BH
e semi-inclusive |
- | subtracted
i o X=n+ L
01— AT very well understood




exclusivity

fixed target: via missing mass / energy

(ep — e’y X)

with p detection &
A* ID: transition GPDs

P ~
e« e'data ~ _
o e data 4

— MC sum ;’/

..... elastic BH

mm associated BH |

--------- semi-inclusive |

i_ FIELD CLAMPS _\ TRIGGER HODOSCOPE H1

" 1 ] DRIFT CHAMBERS

2 =

\ PRESHOWER (H2)
/
1 | O —
| _ e’
-‘- LUMINOSITY e+

HODOSCOPE WO

TARGET

CELL STEEL PLATE




exclusivity

fixed target: via missing mass / energy

— /~—H\
S JXP
f/

o i

e e’ data

(ep > e’ yX) o edata | part of the signal
— MC sum f ‘

Raw H(e,e’y)X Missing Mass? (after accidental subtraction).

[ Hie.e)X - H(e.e)/Y ]: Missing Mass? / Hall-A
N o
7/ B

& M2 cut M
A,

1000N/N,, ¢

0.2

0.1

4000

3000

2000

+H(e,e’'yp) sample,
Normalized to H(e.e'y)

1000

IIIIIIIIIIIIIIIIIII[IIII

..oH(e,e’yp) simulation



exclusivity: HERMES with recoll




exclusivity: HERMES with recoll

Event Selection with Recoil Detector

« e dala

= @ data

— MC sum

- elastic BH

== associated BH
s ami=nclusive

* Events with one DIS lepton and one gm:_
trackless cluster in the calorimeter. 2 [
* “Unresolved” for associated process
ep — eATY ~12%

0.2

* “Unresolved reference” sample.
* “Hypothetical” proton required in the
Recoil Detector acceptance.

MZ (GeV’)

Unresolved

=

Z Unresclved-refercnce
— Pure
S

* “Pure Elastic” sample.
* Kinematic event fitting technique.
Allows to achieve purity > 99.9 %

0 5 10 15 20
M2 [GeV?)

%@Z Aram Mavsisyan, QNP P{iBiseau 19.04.2012



exclusivity: HERMES with recoll

Beam-Spin asymmetry with Recoil

+— 4
tHERMES 3.4% scale uncertainty | ® without Recoil Det. etp—et a -
 PRELIMINARY = with Recoil Det. P PY | Aru(¢) = y———
2006/07 data 4 in Recoil Det. accept. a +a

Indicatien ef slightly larger

sin ¢
LU

sample compared with

o4l i + i + i \ reference sample
L1 sasl L1 81y a3l L [ L ||.||||I\

, I magnitude of leadin
< -0.2} ‘;} - +# +++++LH +-H %# +* ﬂ '- l an:gTittxdefor pure Elastic

= O i ﬂ *H 'ﬁ [ + Unresolved
o
£5 0 LT S 3#—- {'H ' %{# - &{#}%-H’L{' + Unresolved Reference
[ |
< 0.1} ; I ! Pure Elastic
0.2 3 i - i L i
10™ 107 1 10
Overall -t [GeV?] Xg Q? [GeV?]
E === Wemmma o= - - LEEEEL P EE ST P EE LT T PN LT Rl DT PR PR
E = L B B AR Fractional contributions
B gl [ M0 e nstbe of elastic and associated
§ ! G Infecel Det. seceat . processes for different
E w ¥ \> 50 1&‘"*# B ¥ we we wE ah w0 wE * & samples
| e tetetel ikebebalalebal wiry Stk s i v, kel itk s b il ket i S dibehes el » s itk sl vtk el el 4

R

Aram Movsisyan, QNE P{lSiseau 19.04.2012



HERMES target spin asymmetries

JHEP 06 (2010) 019  Longitudinal Single Target-Spin and Double-Spin asymmetries

_(oe7F+ o) — (67T 4077 VGG: Model calculation
Avr, {‘iﬂ - (6—= + -':I'*_zl"} + (o—7=+ 0.4—4:} M.Vanderhaeghen, P. Guichon, M. Guidal
Phys..Rev.D (1999) 094017
- r i i r Prog. Mucl. Phys, 47 (2001) 401
|
9 glococcoeeee b
-ﬂ.Z' B I N
i o o 0 Longitudinal Target Spin
U 02 04 08 0 01 02 0.3 0 il Asymmetry
integrated 4[GeV3 Xg = non-zero n-r:-gatwe. value of the
leading sin(d) amplitude
Arr(d) (67 +0F)— (67T 4+077) » mild kinematic dependence
LL —
(7= +o =) + (e +07=)
5 06f = - - Lcmgltudlrlal Double-5pin
S pal B . I Asymmetry : b
8 - 0.2- . H . VH i * constant term is positive
< of-—---- ] I I * leading cos(d) amplitude is
0.2 B ¢ -t i consistent with zero

g:,' Ef:i : + D{RE[F1ﬁ]

< [ NN I 1 O I IS IS ' S R
-n: ' -_++H i {[ I i ;FI? | Asymmetry amplitudes are

- —— 1 attributed not only to squared
0 02 04 08 0 01 02 03 0 3 Tl PVCS and Interference terms but

intearated +[GeV 2] X Q21GeVd also to squared BH term
nteg - B

.].

%% Aram Movsisyan, QMF. Palaiseau 19.042012 13




HERMES target spin asymmetries

Transverse Single Target-Spin and Double-Spin asymmetries

AI,DE-’{;' g b, b35) = {"7+fr - U-H'L}i (ﬂ'_ﬂ - ﬁ"'_“'] VGG: Model calculation
T { » P5 } - [ o+ 1 G,_|_JJ,] n {cr—ﬂ + U_Jj.] M.Vanderhaeghen, EEE_uiI::ruqn. M. Guidal
Phys..Rev.D (1999) 094017

“ JHER. 06 {1{}[}8]{}66 . Prog. Mucl. Phys, 47 (2001) 401
$_ oz FEmR T T AL LT T Rt
it __F % T ey W1 T P} Tl
- of-* I {F"' N -_+ I *F*' il :J':ff:_:_ ++_‘|'T _ﬁ B Charge-difference Transverse Target-5pin
SRR U S T A S . ¥ il asymmetry
[ = = ] * Non-zero leading cos(n) amplitudes.
N T T T T 7 2 L, of F
poar T } 3 3 1 Im[RH - Fyé]

w [ T 1 | 1 1 OO0, [ev  caw ool S
%F 0 __EE—__— LIL* + o T ++ :JI:'__T T }Jf 'Jl\ _$ ] Iﬂl[HLa i H - |__Hn_ - L H ..I]
<02 e — N + - ‘l + +.+:-.'_‘_j-_-+ + H‘H} - . Leading cos(¢) amplitude of charge

St e I j————7-7 ] difference target-spin asymmetry Alut is
3 ﬁ o 0a 0% u T R TR 3 ( . B W '1"]- sensitive to CFF ‘E |, therefore Ju.
overall -t (GeV?) X Q’ (GeVH)

z AL - S e | I - e R - - a0 Charge-difference Transverse
Apr(é,¢s) = T T Tt ) EN ras s E e A Y Double-Spin asymmetry
* |leading amplitudes are

Phys. Lett. B704 (201 1) 15-23 consistent with zero

* sensitivity to is suppressed J,

2 i i i ! |, is suppressed by kinematic pre-
&

* pk---- ol S S +—L-*—=-' ------ ---+—-*——— ——————— factor

% n_ _ _ _ ACLOT

x Re I:FEH — Flf]

=
wn
T

overall 1[GV Xg Q2 [GeVA]

L% Aram Movsisyan, QMNF. Palaiseau 19.04.2012 14




HERMES VM SDMEs

Exclusive Vector Meson Production

pQCD description of the process.
I) dissociation of the virtual photon into quark-antiquark pair
I) scattering of a pair on a nucleon

lll) formation of the observed vector meson

Tg) =

pio) = T~ pip’) - —

UPE NPE

P

GPDs H E GPDs HE

Cross Section

da do
dzpdQ?dtd®d cos Odg * dz Bd(Q?%dt

production and decay angular distribution:W decomposition

W =Wyy + PiWru + St Wur + PeSp Wi + StWyr + PeStWrr 2

{

W(IB, in t, "I’,CDH. '91 ‘?5}

o

parameterization in terms of helicity amplitudes - or SDMES -

P |.‘1"

%ﬁ Aram Movsisyan, QMNP Pi@seau 19.04.2012
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HERMES VM SDMEs

© % and ¢ SDMEs on an unpolarized target

EPJ C 62 (2009) 659-694 [ Tool? ~ [T11]? > [To1|? > |T10]? ~ [T_11]?

~ r‘ 1-rke AXITOR |
=5l a Y - PL P e L el el
2 "N i - 0 _m 2 lm["’u — DAL IR |
-2m Tr = Pr o . ' d - % T —
A T T R, T N DR s 2Y2Re[r?) woag.
2v2Refh |  B:Imterference vy — Py & v3 — P4 = 2Zimiet) p
[2v2 im & e ——————————————— — _\.:!‘-._:_—....__-,___. n7Z gm"; = ” e
2v2Im ity | s 2\ o ’:»’
242 Re 1, G o L zaq'g)" . ..
2”‘ = C: ’[';' - p: i * 2R 3 o _.'u- HEKMES Proltminary
-2 Ra iy » i - ” olrg) | C: =0 e D hydrogen
2imdy [ e oo 2mie) au O deuterium
iz | —-& 3 1!\2r§. e
-f‘ HET o i
Py fmy 5% f,h;l’::)'
—1/& P- 4 ALY
2 | D 11., - p:— 'f‘! \_’—er‘f,_ e :
V2 d—l - a V‘z;:: '|-| B *'
v2im L g Fid| -l
V2 Im i, = . ﬁlm{r._) F T =
2d | = Yz ’
-a g’ o '—.—'
w | Eoyr—
m "" JJ_LLA.A..A.LLLL.L‘_AJ_A. .A.L.LJ.IJ..L.LAJ,J.I_JJ.IJ LLI.l.LlJl»IA,AA,Jl;A
-03 ~02 ~01 ©O 0t 02 03 04 05 Os

YH—=VLE& ¥ ¥ r—Vr
* SDMEs are significantly different from zere * pronounced difference between 0 and & SDMEs
* 10-20% difference between © and ¢ SDMEs * 2-10 O level violation from SCHC for 0

YHi=Vr & ¥ Vs * Selected hierarchy is confirmed
* SDMEs are consistent with zero * No differences between proton and deuteron

Aram Movsisyan, QNP. PRidiseau 19.04.2012



HERMES VM SDMEs

Comparison of p® SDMEs to GPD model

GPD model: S.Goloskokov, P. Kroll (2007) W=5 GeV (HERMES)
04 1 2 W=10 GeV (COMPASS)
L T L L W=75 GeV (H1,ZEUS)
02t o T u.a%f.'_.._f:_:_:_'_‘.‘““ u.z}?i.‘:_:_'__‘j_‘_‘“" Y= pOL & yFr—=pOr
T H a\ 1—rd5,ri_y,—Imr?_ | oc Tiq
T 56783 456783 25678 model is in an agreement with data
s . interference y* —p° & y*r—p’r
022 BE F10 012 .Im r;q model dose not describe the data
V) S 4}_14% ] model predicts phase difference
o4l -] 016 =
ot PR 4}.13-i HbetWEH'ITmlﬂdTII.EII 3.1 deg.
0_14* | 020 s===--==mmmm .'E :""“’"
i s67e °P5 4 5678 =
Im(Ty, /T,
tﬂ'ﬂﬁll _ m( 11/ DCI) i
Re(Ty1/Too
HERMES result 8,,=31.5 = 1.4 deg. ' fF#
Large phase difference was observed "

also l:}}-" HI {a||=20} D R

%M Aram Movsisyan, QMNP Palaiseaw 19.04.2012 19



HERMES VM SDMEs

Observation of Unnatural-parity exchange

At large W? and Q? the transition should be suppressed by M/Q

* direct helicity amplitude ratio analysis: U;1/Too
* the cnmblnatlnn of SDMEs is expected to be zero in case c:f NPE

U = 1 _T + 2']" _ 25"]1 - 21"1_1 Us = T’ll + T? 1 Uz = '?'11 + ’.'“‘1_1
EP] C 62 (2009) 659-694 EP} C 71 (2011) 1609
03 = (r) proton (integrated) ;:3 * Proton
= () deuteron (integrated) D= T

* Significant UPE contribution for g9

Sensitivity to GPD [1
* No signal of UPE contribution for ¢

%M Aram Movsisyan, QNP Fidiseau 19.04.2012



VM production @low X

W & t dependences: probe transition from soft to hard regime

VM

IP do e

soft hard

—>expect o to increase from ~0.2 to ~0.8
b to decrease from ~10 to ~4-5 GeV?
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VM production @low X

W dependence: probe transition from soft to hard regime
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two ways to set a hard scale: = large Q?
» mass of produced VM

universality: p and ¢ at large Q?+M? similar to J/¥ , Y



VM production from low = high X

103 | | 101 | 0.2-0.5
I | | " Xg
HERA-collider COMPASS / HERMES / Jlab
g+(sea) g+(sea)tq, (p,®)  q, (p,w)

= NLO corrections to VM production are large: [M. Diehl, W. Kugler (2007)]

500 - dlcrLl/d?f [I}b/IG(?VI] a:t Clgzlzlﬁl (I}e\l/ ) t = I—OI.4IGeIV |

4003_ o ] pO cross section @typical
! w= LOLNLO 1 kinematics of COMPASS /

! HERMES / JLab12
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Deeply Virtual Compton Scattering
> H, I—~I, E, E

= DVCS cross sections @ low X

do oc| Tgy, B +| Toves |2“'| ’

B

L do bl J = t slope provides absolute normalisation
— OC e

= FT - average impact parameter




dopcs/dt [Nnb/GeV?]

[PLB659(2008)]
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DVCS cross section

= t slope measurement provides

absolute normalisation
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DVCS cross section

= t slope measurement provides

absolute normalisation

= universality of slope parameter:

pointlike configurations dominate



DVCS cross section

1 [PLB659(2008))
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[courtesy of C. Weiss]

= t slope measurement provides

absolute normalisation

= universality of slope parameter:

pointlike configurations dominate

= FT = average impact parameter

(b?) = (0.65+0.02) fm

<Q%>=8.0 GeV?



sea quark & gluon imaging

From exponential #-slope y+p— Jy+p
do di = exp(Byy, 1) - remember J/y

( gﬁ ~ 3 GeV2_

&
£
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5 i = universality of slope parameter:
E H1 2005 pointlike configurations dominate
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—ea—+ FNAL 1982

_____ H1/ZEUS fits = FT - average impact parameter
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10 S 10\1 /(b?) = (0.65+0.02) fm
@ xg=1073
e <Q%>=8.0 GeV?
< @ x5=10-3

[courtesy of C. Weiss]



Q? (GeV?)

call for high statistics

DVCS beam-spin asymmetry [PRL100(2008)]
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after the full glory of SDME extractions

[formalism by M.

(7. > p):

hunting the OAM

-- pO . transverse target-spin asymmetry --

Diehl (2007)]
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SDME values
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hunting the OAM

-- pO . transverse target-spin asymmetry --

after the full glory of SDME extractions
[formalism by M. Diehl (2007)]

[PLB679(2009)] gg
héerks

model:
aus et al. (2004)]
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» more data coming: COMPASS, JLab12 with transv. Target

= more models: Goloskokov, Kroll



Nuclear medium

)
%Jf_;gg DVCS nuclear effects
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Caroline Riedl (DESY) - DVCS PHOTON20I1, May 201 |



recent developments (beyond VGG(1999)...)

towards GPDs

= Goloskokov, Kroll (2007):
- LO GPD model using DD, regge t dep., power corrections

—> fit to exclusive meson production data
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towards GPDs

recent developments (beyond VGG(1999)...)

= Goloskokov, Kroll (2007):
- LO GPD model using DD, regge t dep., power corrections

—> fit to exclusive meson production data

= Kumericki, Mller (2010):
—> partial wave expansion of GPDs, regge t dep., dispersion relations

- fit to DVCS data osf

=03 GeV2 - HERMES + CLAS 'J

e 4 - A A
0.001 0.005 0.01 0.05 01 0.5 1.



towards GPDs

recent developments (beyond VGG(1999)...)

= Goloskokov, Kroll (2007):
- LO GPD model using DD, regge t dep., power corrections

—> fit to exclusive meson production data

= Kumericki, Mller (2010):
—> partial wave expansion of GPDs, regge t dep., dispersion relations

- fit to DVCS data

= Goldstein, Hernandez,Liuti (2010):
- quark-diquark model of GPDs, Regge ansatz for low x region & t dep.
- fit to DVCS data



towards GPDs

recent developments (beyond VGG(

= Goloskokov, Kroll (2007):
- LO GPD model using D

—> fit to exclusive meson p

= Kumericki, Mller (2010):
—> partial wave expansion (

- fit to DVCS data

» Goldstein, Hernandez,Liuti (201

> quark-diquark model of ¢ =

- fit to DVCS data

= Guidal (2011):

JLab Hall A

JLab CLAS

HERMES

x,=0.36

=025 ]

x=0.09

_ x5=0.25
[J Guidal 2011
@ VGG 1999
0.2 0.4 0.2 [ 5] 0.2 0.4
—t (GeV?) —t (GeV?) —t (GeV?)

- model independent extraction of CFF (GPD extr. requires model ansatz)

- kinematic fitting of DVCS data (per experiment)



towards global analysis of GPDs

— CLAS
e — HALL A

'-..-"--.

Im A (xg,t,0%)/x

AR

[Guidal '08, Guidal and Moutarde '09], seven CFF fit (blue squares), [Guidal
10] H, H CFF fit (green diamonds), [Moutarde '09] H GPD fit (red
circles)

(slide from K. Kumericki, Photons11)



towards global analysis of GPDs

-- employ all available exclusive data (DVCS & meson production) --

0.4 I HERMES I v } » 5"
., . L o 4.1’ ?.}- %'-i- i. b
0.2} l Apg l l Apc l l _L'v Asc l.i. ? FS
N | oF  aabptlihaest A0 .
et S e
—o2feby ] ] ji e e : KM09a T 11
Wi \
_o.4} vy '-" 'v"l' v GK07 >
| _ _ . . . .
0 HERMES h

W GK (2007) comparison to KM09,10

1 Ase Ll ﬁ'

.{-é? ki




