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Incredible success of pQCD

em

HERA F,

| X=6.32E-5 4, 000102

A=0.000253

x=0.0004
L x=0.0005
/7 x=0.000632 * HI194-00
S x=0.0008

k, -log, ,(x)

N

DMS
x=0.0021 e

- x=).0032 . WM

”“‘Q v=0.005
»s .,*Q_‘ x=0.008

g '/_.f"::r_w" ] -
E "";..f . . o
e 3 . gnte™ x=0.013

‘ig x=0.021
- JM -
Nt i 1-,‘4“""'
L et gBtt o § \=0.032
_.--r‘-"’ T L : T
Rops ,-rH‘-

. - M“""“L'. !-— - x=0.05

PanlI= S aanae

o)
S

(]
I

OO

s - .a-o'wpﬂ-i—i—!- x=0.08

1 N amai o TR T - °=g 2 H

R R T SRSy, r — eoomm o w9 U o

0 1 i ll.llll 1 i II.II.I 1 i ll.ll.l 1 i II..I.I 1

3 4
1 10 10 10 10

Q*(GeV?)

G. Schnell - EHU/UPV & TKERBASQUE

x=0.000161 —— ZEUS NLO QCD fit
——— H1 PDF 2000 fit

a HI (prel) 9900

x=0.0013 m ZEUS Y697

I i i —————— cev -8 g ﬁ—%L x=0.13

F T s “0-*-.“..,.__!__‘_!__._ f

R e e i o ing Ol *ug.88 2 _..._n_-l—'_-i—- x=0.4

Ringberg 2011



Incredible success of pQCD

em
k, -log, ,(x)

N

Y]

(]

HERA F,

x=6.32E-5

x=0.000102
x=0.000161
A=0.000253

=0.0004
L x=0.0005
/7 a=0.000632
7 x=0.0008

F—— ZEUS NLO QCD fit
—— HI1 PDF 2000 fit
e 194400
a HI (prel) 9900
A=0.0013 m ZEUS 9697

DMS
x=0.0021 e

.o x=0, 0032

"“‘Q =005
& el =0, 008
o '/,. )".‘-R‘ -
>
{2’ x=0.013
& x=0.021
e
‘.,,,.-!qui”;} \=0.032
: .-_,.,u"uw;:—.il—'- =005
_: _; i w - —nsggtewmsgeoalg i g =0.08

ety - ; ._h— m*—..-— ﬁ-—%—; _\=0.|3
iy wmm-l—-.u"._'_'..’q .

—0.18
T
“"“"“‘*1"“!‘* f 3=.25

NMIC

R e e i o ing Ol *ug.88 2 _..._n_-l—'_-i—- x=0.4

S R A A S x=0.65
1 1.1 IllI 1 4 II.II.I 1 l ll.ll.l 1 4 II..I.I 1 l ll..l.l.
2 3 4 5
10 10 10 10 10
2 . 2
Q7 (GeV")

G. Schnell - EHU/UPV & TKERBASQUE

0.8

— HERA-I PDF (prel.)
B experimental uncertainty

model uncertainty

HERA Structure Functions Working Group
Nucl. Phys. B 181-182 (2008) 57-61

Q? = 10 GeV?

Ringberg 2011



Incredible success of pQCD

HERA F,

| X=6.32E-5 4, 000102

A=0.000253

x=0.0004
L x=0.0005
S a=0.000632 e HI194-00
L x=0.0008

k 2 'logm(x)

em

N

g x=0.0021 S ———
4 L
s x=.005
=) A ‘.’.“‘&
A J
&h »s ads D008
’ o f.-::—r-y“ N
&~ r.,l . -
‘," u_,,,p;i! x=.013

.a"/ -e

*’“ Lol i ;‘g x=0.021
A=l _a -1"‘_ “_'l‘f" o

.;.agi'-&u'-ﬁi":;{* \=0.032

- x=005

iy -J—.’WP.-'-‘—‘—!— x=0.08

s pd 7

rJ
|
\

1;

I i et e el g g B . .
1 i

s Lo R P

e A i — - — eomw o » o W =
0 1 i ll.llll 1 i Il.ll.l 1 i ll.ll.l 1 i II..I.I
3 +
1 10 10 10 10

(5]

Q*(GeV?)

G. Schnell - EHU/UPV & TKERBASQUE

x=0.000161 —— ZEUS NLO QCD fit
——— H1 PDF 2000 fit

a HI (prel) 9900

x=0.0013 m ZEUS Y697

L 1-—‘-—}+‘£ 5

Tewe-atigl.Bgl -r—-‘--l—t—-i—; x=0.4

1

- —— HERA-I PDF (prel.) Q% =10 GeV? |
B experimental uncertainty

0.8 model uncertainty |

- HERA Structure Functions Working Group
~ Nucl. Phys. B 181-182 (2008) 57-61

have a pretty good knowledge on how
many partons (with longitudinal
momentum fraction x) we have in the
nucleon
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Incredible success of pQCD

- —— HERA-I PDF (prel.) Q% =10 GeV? |
B experimental uncertainty

0.8} model uncertainty

- HERA Structure Functions Working Group
~ Nucl. Phys. B 181-182 (2008) 57-61

have a pretty good knowledge on how
many partons (with longitudinal
momentum fraction x) we have in the
nucleon

BUT: proton not a 1D object!

G. Schnell - EHU/UPV & IKERBASQUE 2 Ringberg 2011



3D glasses for a hadron physicist

- }

. T——, Mmomentum space
‘ (‘TMDs")

position space ("GPDs")
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Is it interesting?

a slice of the proton in fransverse momentum space:

Py (GeV)

[Bacchetta et al., PRD 2008]

02 04
px (GeV)

without spin
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Is it interesting?

a slice of the proton in fransverse momentum space:
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Is it interesting?

a slice of the proton in tfransverse position space:

x=0.05

-0.5 0 0.5 1fm
x=0.05

[M. Diehl et al., EPJC 39 (2005) 1]

-1 -05 0 0.5 1fm

without spin
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a slice of the proton in tfransverse position space:
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Is it relevant?

@ pQCD: single-spin asymmetries (SSA) heavily suppressed:

An X as [Kane, Repko, Pumplin, 1978]

Q2
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Is it relevant?

@ pQCD: single-spin asymmetries (SSA) heavily suppressed:

An X as [Kane, Repko, Pumplin, 1978]

Qz
@ BUT: large SSA in pp collision and semi-inclusive DIS
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Is it relevant?

@ Unpolarized Drell-Yan cross section:

1\/do [ 3
O/(dQ)
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Is it relevant?

@ Unpolarized Drell-Yan cross section:
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@ pQCD predicts Lam-Tung relation 2 v =1-4 # O
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Is it relevant?

@ Unpolarized Drell-Yan cross section:
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@ BUT: significant violations seen by Drell-Yan experiments

: - e p+dat800GeVic
- ma +Wat252GeV/c

a i A 1 +Wat 194 GeV/c

0.6

>

0.4 -

0.2

LJ I R T %

I L | Ll

0 |

G. Schnell - EHU/UPV & IKERBAS

Ringberg 2011



Is it relevant?

@ spin of quarks and gluons don't sum up to give proton spin 3

1 1
2 =2 Az

{— quark spin # 3 1/3

+ AG 4_ gluon spin 20
orbital anqular ~

+Lg+L, €= orbifalang ?

momentum
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Is it relevant?

@ spin of quarks and gluons don't sum up to give proton spin 3

é_ = % AS {_ quark spin & 3 1/3
+ AG 4_ gluon spin 2 0

orbital angular
+Lg+ L <+ momentum S 7

@ need orbital angular momentum (transverse space and
momentum d.o.f.)
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Some tradition in position-space

@ decades of nucleon form factor measurements:
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Some tradition in position-space

@ decades of nucleon form factor measurements:
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Last but not least ...

.. curiosity

= s it A " T . .
6. Schnell - EHU/UPV & IKERBASQUE e P N 2 L Ringberg 2011



Towards a 3D picture of the nucleon
X7 \
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Form factors:
transverse distribution
of partons
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Towards a 3D picture of the nucleon
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Parton distributions:
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Towards a 3D picture of the nucleon
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Probing GPDs in Exclusive Reactions

x: average longitudinal momentum fraction of active quark
(usually not observed & x # xz)

£: half the longitudinal momentum change % xg/(2-xg)
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Probing GPDs in Exclusive Reactions

*

Y

X+E - X-§

4 N\

P —_— P
i
no quark quark
helicity flip | helicity flip
no nucleon Y
helicity flip H H
nucleon —
helicity flip E S

(+ 4 more chiral-odd functions)
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Probing GPDs in Exclusive Reactions

*

Y

X+E - X-§

4 N\

P —_— P
i

no quark quark

helicity flip | helicity flip
no nucleon T
' H H

helicity flip
/ dxHI(x, £, 1) = FI(t) nucleon =

E E
/deq(X,E, t) = FJ(t)

(+ 4 more chiral-odd functions)

helicity flip
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Probing GPDs in Exclusive Reactions

4

/dxHq(X,E, t) = F{(t) /—/q(X,E — 0. t= O) _ q(x)
/deq(x,g, 0 = Fa() HY(x,€=0,t=0) = Ag(x)

¢

G. Schnell - EHU/UPV & TKERBASQUE 12
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Probing GPDs in Exclusive Reactions

/

o —

Ji relation (1996)

IR
5 lim [ dxx (Mo, €. 0) + Eql,,0)

J=»Moments of certain GPDs relate directly
to the total angular momentum of quarks |

4

¢

/dxHq(X,E, t) = F{(t) /_/Q(X’g — 0. t= O) _ q(x)
/deq(x,g, 0 = Fa() HY(x,€=0,t=0) = Ag(x)

G. Schnell - EHU/UPV & TKERBASQUE 12

P
no quark quark
helicity flip | helicity flip
no nucleon Y
helicity flip H H
nucleon —
helicity flip E S

(+ 4 more chiral-odd functions)
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Real-photon production

DVCS &

G. Schnell - EHU/UPV & IKERBASQUE 13 Ringberg 2011



Real-photon production

DVCS o Bethe-Heitler

e e e e’
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Real-photon production

DVCS o Bethe-Heitler

d*o Y2
>
dQ2 dxg dtdd 32(2m)) \/1 e

(IToves)® + [ Tenl® +7)

G. Schnell - EHU/UPV & IKERBASQUE 13 Ringberg 2011



Azimuthal dependences BH

* beam polarization Pg —
* beam charge Cg
* here: unpolarized target

Fourier expansion for ¢:

calculable in QED
(using FF measurements)

G. Schnell - EHU/UPV & IKERBASQUE 14 Ringberg 2011



Azimuthal dependences BH

» beam polarization Pg
* beam charge Cg
* here: unpolarized target

Fourier expansion for ¢

KBH
PL@IP:) Z " cos(ng)

Ten|® =

Toves|? = Kovcs Z cy "> cos(ng) + P ZSDVCS 5'”(”@
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Azimuthal dependences m DVCS/ BH

* beam polarization Pg
* beam charge Cg
* here: unpolarized target

Fourier expansion for ¢

KBH
PL@IP:) Z " cos(ng)

Ten|® =

Toves|? = Kovcs Z cy "> cos(ng) + P ZSDVCS 5'”(”05)

CBKI

L= 5P ; e cos(nd) + Fe ,;S% Sm(”d))_
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.......

» beam polarization Pg
* beam charge Cg
* here: unpolarized target

Fourier expansion for ¢:

KBH

> BH
TeH|” = 731(<b)772(<b) nz::o c°" cos(ng)

Toves|® = Koves Z cp ' > cos(ng) + Ps
- n=0 |

CeK1
P1(0)P2(9)

bilinear (* DVCS") orlmear in GPDs

G. Schnell - EHU/UPV & IKERBASQUE Ringberg 2011
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Azimuthal asymmetries in DVCS/BH

Cross section:
o(p, ¢s, P, Cg, Pr)=ouu(®) - [1 + PsARY(6) + CaPsAly(¢) + CaAc()

Axy
X=UL Y=UL,T
beam target

polarization
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Azimuthal asymmetries in DVCS/BH

Cross section:
o(p, ¢s, P, Cg, Pr)=ouu() - [1 + Ps AR (¢) + CaPeAly(¢) + CaAc(d)

1
Toves|® = Koves Pe »  sp¥ sin(ng)

Axy
X=UL Y=UL,T
beam target

polarization
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Azimuthal asymmetries in DVCS/BH

Cross section:
o(p, ¢s, P, Cg, Pr)=ouu() - [1 + Ps AR (¢) + CaPeAly(¢) + CaAc(d)

/ 1

KDVCS PB Z SDVCS SIﬂ(I?(b)

Q
CoKr | _
_ 7T
C T P @P.@) EZ:O o costne)

Axy
X=UL Y=UL,T
beam target

polarization
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Azimuthal asymmetries in DVCS/BH

Cross section:
o(p, ¢s, Ps, Cs, Pr)=ouu(®) - [1 + PsAR " (P) + CePs ALy () + CaAc()

Axy

X=UL Y=UL,T
beam target

polarization
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Azimuthal asymmetries in DVCS/BH

Cross section:

o(p, ¢s, Ps, Cs, Pr)=ouu(®) - [1 + PsAR " (P) + CePs ALy () + CaAc()

HETAGI(6.05) + ol Al (6.65)

Axy

/A

X=UL Y=UL,T
beam target

polarization

6. Schnell - EHU/UPV & IKERBASQUE 15 Ringberg 2011



Azimuthal asymmetries in DVCS/BH

Cross section:

o(¢, s, Ps. Ca, Pr)=ouu(®) - [1 + Ps AR > (¢) + CaPaALy(¢) + CaAc(d)

+PTADVCS (6. ¢s) + CePrAGT(¢. ¢s)]
Azimuthal asymmetries, e.g., PSS

- Beam-charge asymmetry Ac( o ):

do(et,¢) — do(e™, @) ox Re[FH] - "
* Beam-helicity asymmetry A ut( ¢ ):
do(e™, @) —do(e™, p) o Im[FH] - sin¢
» Transverse target-spin asymmetry Autt( ¢ ):
do(¢, ps) — do(p, s + ) o< Im[FoH — F1E] - sin(¢ — ¢ps) cos ¢
+ Im[FoH — F1£E] - cos(p — bs) sin ¢

(F1, Fp are the Dirac and Pauli form factors)
(H,€ ... Compton form factors involving GPDs H, E, ...)

G. Schnell - EHU/UPV & IKERBASQUE 15 Ringberg 2011




Experimental requirements

@ different beam charges
@ |ongitudinal beam polarization
@ target polarization:
@ |ongitudinal
@ fransverse
@ exclusivity:
@ missing-mass technique

@ recoil-proton detection

G. Schnell - EHU/UPV & IKERBASQUE 16 Ringberg 2011



Experimental requirements

CLAS

Hall A
_Jtab

@ different beam charges O (planned)
@ longitudinal beam polarization &
@ target polarization:

@ |ongitudinal o]

@ fransverse O (planned)
@ exclusivity:

@ missing-mass technique o

@ recoil-proton detection 0
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Experimental requirements

CLAS

A
|
@ different beam charges O (planned) @
@ longitudinal beam polarization & 0|
@ target polarization:
@ |ongitudinal & o]
® fransverse O (planned) @
@ exclusivity:
® missing-mass technique o] &
@ recoil-proton detection O o]
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Experimental requirements

CLAS

jﬁ? Hérmibs (planned)

@ different beam charges O (planned) @ o]
@ |ongitudinal beam polarization & o o]
@ target polarization:

@ |ongitudinal o] o] O

® fransverse O (planned) @
@ exclusivity:

® missing-mass technique o] o O

@ recoil-proton detection O o o

G. Schnell - EHU/UPV & IKERBASQUE 16 Ringberg 2011



Exclusivity: missing-mass technique

ernes
2] : ]
a03— :
Z 0.3_ E
2 [ iy
1 :
s [ M
i B HHE
0.2 b " mm associated B

N semi-inclusive
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Exclusivity: missing-mass technique

1000N/N,,

G. Schnell - EHU/UPV & TKERBASQUE

10

mm associated B
semi-inclusive

17
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Exclusivity: missing-mass technique

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

[ H(e,e'y)X - H(e,e'y)yY ]: Missing Mass? /

N &2( Hall A
= / jtab
2. E ;ﬁt& M3 cut w
0 0.3 4000 o %
2 _ %
2 : :
= 3000 —
8 -
. 2 2000 —
. 1000 +H(e,e’yp) sample,
E Normalized to H(e,e'y)

0.1

eeeH(e,e'yp) simulation
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First DVCS signals ...

.. from interference with BH [PRL 87 (2001)]

clear sinusoidal modulations
support of handbag approach

G. Schnell - EHU/UPV & IKERBASQUE 18 Ringberg 2011



Increasing statistics ...

<t>=-033GeV? <t>=-028 GeV? <t>=-023GeV? <t>=-017 GeV?
© EO00-110
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N o T $
") A——— S — { ---------------------------- I ———— Rl | | S h} £ S—— L 1 RE—— =
BN ‘ } L
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(]
} b

DVCS cross section (nb/GeV?)
=)
S

[V. Burkert @ Transversity 2011]
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Increasing statistics ...

<t>=-033GeV? <t>=-028 GeV? <t>=-023GeV? <t>=-017 GeV?

© E00-110 —
0.02 L e Total fit i ‘{ i i Hall A :
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IZ Clear evidence of DVCS contribution
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Increasing statistics ...

<t>=-0.33GeV? <t>=-028 GeV? <t>=-023GeV? <t>=-0.17 GeV?
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IZ Clear evidence of DVCS contribution
IZ High statistics in small range in Q2, xg, -t
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Increasing statistics ...

=
&
o

beam helicity-independent

<t>=-0.33GeV? <t>=-028 GeV? <t>=-023GeV? <t>=-017 GeV?
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IZ Clear evidence of DVCS com‘ribdon
IZ High statistics in small range in Q2, xg, -t
lZ "Verified" Bjorken scaling in small Q° range [nucl-ex/0607029]
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[Phys. Rev. Lett. 97 (2006) 262002]
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DVCS on "neutron” (aka 3He)

beam-helicity asymmetry sensitive to GPD E
-> model-dependent constraint on total angular momentum
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DVCS on "neutron” (aka 3He)

beam-helicity asymmetry sensitive to GPD E
-> model-dependent constraint on total angular momentum

[Phys. Rev. Lett. 99 (2007) 242501] Hall A
5 °F JLab
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Increasing statistics ...
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Increasing statistics

multi-dimensional binning in (xB,-T Q%)

Q2 (GeV ?)

ALU

<-t>=0.76 GeV?

0.404 <t>=0.18GevZ [ <> = 0.30 GeV? <t>-0496GevZ |
0ﬂo.z } S ’ | /3-8 1 - /i'f : i %
W, - L N "
f N\ 18 ) I N L
( ‘ , ¥ \ l \
R - I 134/ 4 &/t
%104 L i ‘ i 1 .} i |
0 360 360 360 360
-0.4 - ”"fb - (b. _ ¢ d)
doT —do™
do— + do—
a sing
1+ ccoso

[Phys. Rev. lTe’rT. 100 (2008) 162(|)02]
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Increasing statistics ...

multi-dimensional binning in (xg,-t,Q?)
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2[™ ... Laget model
[Phys. Rev.ILe’r‘r. 100 (2008) 162(|)02] VGG model calculations:
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Xg Prog. Nucl. Phys. 47 (2001) 401.
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Increasing statistics ...

multi-dimensional binning in (xg,-t,Q?)
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- VGG Model overshoots data

(effect also observed for
HERMES data)

VGG model calculations:
Phys. Rev. D60 (1999) 094017.
Prog. Nucl. Phys. 47 (2001) 401.
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Increasing statistics ...

multi-dimensional binning in (xg,-t,Q?)
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Xg

- VGG Model overshoots data

(effect also observed for
HERMES data)

in general no satisfactory
description by models

VGG model calculations:
Phys. Rev. D60 (1999) 094017.
Prog. Nucl. Phys. 47 (2001) 401.
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A wealth of azimuthal amplitudes
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Beam-charge asymmetry:
GPD H

Beam-helicity asymmetry:
GPD H

Transverse target spin asymmetries:
GPD E from proton target

Longitudinal target spin asymmetry:

GPD H
Double-spin asymmetry:
GPD H
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A wealth of azimuthal amplitudes
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Beam-charge asymmetry:
6PD H

Beam-helicity asymmetry:
GPD H

Transverse target spin asymmetries:
GPD E from proton target

Longitudinal target spin asymmetry:

GPD H
Double-spin asymmetry:
GPD H
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A wealth of azimuthal amplitudes
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Beam-charge asymmeftry:
GPD H

Beam-helicity asymmetry:
6PD H

Transverse target spin asymmetries:
GPD E from proton target

Longitudinal target spin asymmetry:

GPD H
Double-spin asymmetry:
GPD H
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A wealth of azimuthal amplitudes
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Beam-charge asymmetry:
GPD H

Beam-helicity asymmetry:
GPD H

Transverse target spin asymmetries:
GPD E from proton target

Longitudinal target spin asymmetry:

GPD H
Double-spin asymmetry:
GPD H
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Transverse target-spin asymmetry
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Transverse target-spin asymmetry
,A —=
%e)fm'ié JHEP 0806:066,2008

Am i T ) T T I T |-- T T T I T T T 1 I I ]

\./Z - 8.1% sca% uncertainty 1 T ?U’{),(Ii a

= =0.6 — — 1 .

= v 0.4 — ] SIN\QP— COS
= 1 1 = HTx _AUT(cb ¢s) cos P

S : I I I :
T ok 1 1 1 | 1o Im[FHH —-
T PR ¥ S fp - '

=1 - __} . —t— T — —t—t—
g 02f I I I - ~ >
& [ I + | I I ] X |m[/:27‘[ — /—_155]

%S Of —4o- T -i & 1 1 x h

4 : 1

-0.2 |- T | T | '+ = ]

0 '0.'2'0.'4'0.'6'20 01 02 03 '0'2"4'6'2'8'1'2

overall -t (GeV") Xp Q" (GeVY)

" ",
model "VGG": phys. Rev. D60 (1999) 094017 & Prog. Nucl. Phys. 47 (2001) 401
G. Schnell - EHU/UPV & IKERBASQUE 29 Ringberg 2011



Transverse target-spin asymmetry
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HERMES detector (2006/07)

detection of
recoiling proton
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HERMES detector (2006/07)
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HERMES detector (2006/07)

kinematic fitting

I I ' I LI I I_
3000 , . -
- % No Recoil requirement 1
2500 -
2000 positive track in Recoil =
OO Fit probability <1 |
1000 J > 1 4 =
500 T -
OZI | ‘—ﬁl I 11 1 I 11 1 | | L1 1 | L1 ] | L1 | |_

T
-4 -2 0 2 4 6 8 10 12 14
HERMES 2007 data M2 [GeV?/c?]

— All 3 particles in final state detected — 4 constraints from energy-momentum conservation
— Selection of pure BH/DVCS (ep—ep v ) with high efficiency (~84%)

— Allows to suppress background from associated and semi-inclusive processes to a negligible level (~0.1%)
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Event samples

Without Recoil Detector
In Recoil Detector acceptance
With Recoil Detector

Similar background Background-“free”

Similar kinematics
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DVCS with recoil detector
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indication of larger
amplitudes for pure sample

extraction of amplitudes
for associated production
underway



Exclusive meson production
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Exclusive meson production *

@ GPDs convoluted with meson amplitude

@ access to various quark-flavor combinations w0 | 2AurAd
M 2Au-Ad

oY 2u+d, 99/4
w 2u-d, 390/4

0) s, g
p+ u-d
Jiy g
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Exclusive meson production *

@ GPDs convoluted with meson amplitude

@ access to various quark-flavor combinations w0 | 2AurAd
M 2Au-Ad

® factorization proven for longitudinal photons [ &% {2ud 9%
W u-d, g

0) s, g
p+ u-d
Jiy g
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Exclusive meson production *

@ GPDs convoluted with meson amplitude

@ access to various quark-flavor combinations w0 | 2AurAd
M 2Au-Ad

® factorization proven for longitudinal photons | % |2u:d 9o
W u-d, g

: ¢ s,
@ vector-meson cross section: o u_i
JIy g

do do

p— W 2 t 9
drp dQ?dtdégdddcosfdy  drpdQ?dt (28, Q" t, b5, ¢, 080, 0)

W =Wyu + PeWry +StWur + PBSI Wi +StWyr + PeSTWirr

look at various angular modulations to study helicity
transitions ("spin-density matrix elements")
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0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0901.0701]
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0% SDMEs from HERMES
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helicity non-flip much
larger than helicity-flip and
double helicity-flip
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0% SDMEs from HERMES
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clear breaking of s-channel
helicity conservation
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0% SDMEs from HERMES
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0% SDMEs from HERMES
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[A. Airapetian et al., arXiv:0906.5160]

00 00
Im (n_, +eny)

0+ -0
Im(ng, -n,, )
-+
Imn_
++ - ++
Im(n_, +n_ +2eny)
-+
Ims_,
0+ -0
Im (s, - s, )
00

Imn,,

0+ -0 0+
Im(n_ -n_ +2eny)

0+ |

Imn_,
Im s%°
msS,,

0+ -0 0+
Im(s,, -s,, +2¢es;,)

0+ |

Ims_,
++ -
Im (ny, +ny, )
-+
Imn,,
++ -
Im (s, +5s,,)
-+
Ims,,
0- +0
Im (ny, -ng, )

-+ -+
Im (n,, +engy,)

+=+ |

Imn_

0- +0

Im (SO+ - s0+ )
-+ -+

Im (s,, +¢sy,)

++ |

Ims_,
I 00
mn_,

+0
Imn_

+-
Imn,,

+-
Imn_

I 00
ms_

+0
Ims_,

+-
Ims,,

Ims..
ms,

Y > e
Yr=> p?

+——+

-t

———

dominant transitions

single spin flip

. double spin flip

—-——+
1 1 1

-0.2

-0.1

0 0.1

“transverse"” SDMEs souevaies
Ringberg 2011



0% SDMEs from HERMES

[A. Airapetian et al., arXiv:0906.5160]
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0% SDMEs from HERMES
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Transverse SSA
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@ COMPASS results: no L/T separation

@ more data to come from 2010 run and future transverse
DVCS program

@ in principle sensitive to GPD E -> total angular momentum
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Towards global GPD analyses (cf. next speaker)

Kumerlckl Muller (2010) '
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Towards global GPD analyses

= try out GPDs on set of DVCS azimuthal asymme‘rmes

. arXiv:1108.1713 F oo |
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Towards global GPD analyses

= try out GPDs on set of DVCS azimuthal asymme’rrles
[ arXiv:1108.1713 | | | ; ; {

0.4t 1 HERMES .l. B o
| 4.'{ f N i. b
0.2} | s Ll Ae Ll _{.j: Axe 13 % .
et ®
| l | } }i? 1 \\ ﬂ CLAS ﬂ "'vz
S BN
e } JTa s ve s A A v A KMI10b g
_0.4.. ry vv' 'v'l' v GKO7 ;
1¢ HERMES 70

1 Aje L ;i'

G. Schnell - EHU/UPV &1 Ringberg 2011



The proton - seen with multi-D glasses
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