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Proton picture: 1D

fast moving proton

Parton Distribution Functions
PDFs (x)

Longitudinal momentum

q(a) or f,%()

Longitudinal spin
Ag(x) = (@) - T ()



Proton picture: 1D - 1+2D

v

Quantum
tomography
of the nucleon

Ji, PRL91 (2003)
Belitsky, Ji, Yuan, PRD69 (2004)
Lorcé et al, JHEP1105 (2011)

fast moving proton

Parton Distribution Functions

PDFs (x)
Longitudinal momentum Transverse momentum Transverse position

q(a) or f,%() ,[

df, Jdx_ F
€&—— 8TMDs («, 8 GPDs («, ¢ orm
Longitudinal spin (=, £.1) (=, 6,) éFactors
- &«

Ag(a) = q'(«) - 7 (x) accessible accessible
Transverse spin in SIDIS and Drell-Yan in exclusive reactions

Aq or hy(x) DVCS: Deeply Virtual Compton Scattering

HEMP: Hard Exclusive Meson Production



Proton picture: 1D - 1+2D

v

Quantum
tomography
of the nucleon

Ji, PRL91 (2003)
Belitsky, Ji, Yuan, PRD69 (2004)
Lorcé et al, JHEP1105 (2011)

fast moving proton

Parton Distribution Functions

PDFs (x)
Longitudinal momentum t- o Transverse momentum Transverse position

q(a) or f,%() ,[

df, Jdx_ F
&—=— 8TMD f 8 GPDs («, ¢ orm

Longitudinal spin sl £, sz, 6.) éFactors

Ag(x) = T(a) - T () | H (a, @, t)

. Sivers, E (x, <, t)

Transverse spin the most famous TMD

Arq or hy (x) holy grail for OAM



4 chiral-even GPDs (+ 4 chiral-odd GPDs)

Hix, §,t) * qla)«fylx) (&

B &) = fiak) @ - @

2)a= |im0I x (HY (x, &, t) +E9 (a, £1) ) da

Y QXE Ji sum ruIe PRL78 (1997) cited 1302 times
— Relation to OAN
p p A\ [- J » &P /f J

Sivers: quark k; &
nucleon transv. Spin

=

+ their partner for polarised quarks (+ 4 chiral-odd
9 ey GPDs
Hx, &, t) = Aq(x)«gy («) ’

E’(wl gl t) «=> ng ((B, T)



3D imaging: mapping in the transverse plane

Proton qla,b,) M. Burkardt, PRD66(2002)

moving 7 ;. \\ :_g
towards us _ @f‘

Correlation between the spatial distribution of partons
and its longitudinal momentum fraction



Deeply virtual Compton scattering (DVCS)

Definition of variables:
X: average long. momentum
¢: long. mom. difference = xg/(2 — Xg)

t: four-momentum transfer
related to b, via Fourier transform

D. Mueller et al, Fortsch. Phys. 42 (1994)
X.D. Ji, PRL 78 (1997), PRD 55 (1997)
A. V. Radyushkin, PLB 385 (1996), PRD 56 (1997)

DVCS: dp—> &' p’ vy

the golden channel
because its interferes with
the Bethe-Heitler process

also meson production
Yp—> 4 p' T, poror J/\|!



Exclusive reactions: DVCS and HEMP

Deeply Virtual Compton Scattering (DVCS): Factorisation:

Collins et al.

Q?large
t << Q?
meson

+ ’Y*

L
X-§
S Meson wave funct.
P Large power corr. & NLO

Very slow scaling

Quark contribution 6



Exclusive reactions: DVCS and HEMP

Deeply Virtual Compton Scatterlng (DVCS): Factorisation:

Collins et al.

Q?large
t << Q?

meson . meson

Meson wave funct.
Large power corr. & NLO
Very slow scaling

Quark contribution Gluon contribution 6



Compton Form Factors

are measured in DVCS

The amplitude DVCS at LT & LO in o: _
Real part Imaginary part

9 = +1 dxH(X,g,T) _ @ +1 dxH(x'g'T)-iT[H(x=i§,§,T)

-1 _ € -1 _
t, € fixed X §—I—I8 X E

H(x,§,0)

~~~~~

0 o "
X 0.5 i
From Goeke, Polyakov, Vanderhaeghen, PPNP47 (2001) 7



Compton Form Factors

are measured in DVCS

The amplitude DVCS at LT & LO in o.:

9 — +1 dxH(x,«"',,’r) _ @ +1d H(x,¢,1)

-1 _ € -1 _
t, € fixed X E—I—I&‘ X

Real part Imaginary part

1 TUH(x = +€,€,1)

Im part measured in

Re H (Et) = P | dx Im}[ (x,t) +D (t)) |Beamspin

or Target Spin asymmetries

Real part measured in
Beam Charge asymmetry
or Int. term in DVCS x- sect.

@D term related to the Energy-Momentum Tensor :
Polyakov, PLB 555 (2003) 57-62



HEMP — filter of GPDs and flavors

Hard Exclusive Meson Production (HEMP):
Vector meson production (p,w,,J/y..) = H & E

Pseudo-scalar production (m,n...) = H&E
Hp=1/42 (2/3 H" + 1/3 HY + 3/8 Hg)

Hw =1/Y2(2/3 HY = 1/3 HY + 1/8 He)
H) = -1/3 Hs -1/8 He



The past and future experiments

Collider mode e-p forward fast proton
HERA: H1 and ZEUS
Polarised 27 GeV e-/e+
Unpolarized 920 GeV proton
~ Full event reconstruction

HERMES: Polarised 27 GeV e-/e+
Long, Trans polarised p, d target
Missing mass technique

2006-07 with recoil detector

Mab: Hall A, €, CLAS High lumi, polar. 6 & 12 GeVe- o
Long, (Trans) polarised p, d target
Missing mass technique

1111

COMPASS @ CERN: Polarised 160 GeV p+/p- recoll protop,.
p target, (Trans) polarised target detector JHD
with recoil detection CAMERA %




The past and future DVCS experiments

2 2
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Q™ [GeV7] current DVCS data at colliders:
P e sad 10 3 — (O ZEUS- total xsec O HI1- total xsec —
Wealll - @ ZEUS-do/dt B Hl- do/dt .
n B Hi-A, .
2001 [ current DVCS data at fixed targets: i
CUUL | m HERMES-A A A, -

| A HERMES-A, A HERMES-A, .
B HERMES- A, 90 Hall A- total xsec, i'tu:
O CLAS-Ay ® CLAS- total xsec. Mo

SLTEETT Eplanned DVCS at fixed targ.:
F[ 1 COMPASS-do/dt. Zeg Acgrr Acsr
|1 JLABI2-do/dt, Ay Ay Ay

[ future colliders: EIC...
10

BNL EIC Science Task Force and NdH update in 2015

Sea quarks Valence quarks .3

10" 107 10~ 10" 1
X



Impact of the beam energy for DVCS

WA y*
Y. T pa.

DVCS Bethe-Heitler (BH) ¢ \
do o |T®H|? + Interference Term + | TPVSS|2

_-': 5 12 F 03

-
Tow b IBH+DVCS[? Xg=0.01 1 [ |BH+DVCSP %5=0.04 28 F *g=0.1

v |DVCS|? 2

o os | |DVCSP 02 |- e

= %rwewe 7 N 0 . T,

‘E | | e + IBHF ..1‘-':} -“-‘-": .13 M
S & ™, |BH+DVCSP

i 04 - e ' R 0.1 H)

R A N L IDVCSE

-,,qn: 1 02 nos

T e E, =160 GeV "= A B
N':" (T B e mm e e e e e e il

T |E~160Gev Qi=2GeV? t=-0. mw‘-ﬁ) [E,=160GeV Q*=2GeV t=-0.1GeV? |, | E,=160GeV Q=2GeV? t=-0.1GeV?
- 1 fLi SEFERI IFEEI IS A IFST I AT IS I [ NP WP EPIPIPEE EPETEPIPE PRI IR BT P

T T 150 100 -80 0 S0 100 1541(]) 450 100 50 0 S0 100 1&(])

BH dominates DVCS ampl. via interference DVCS dominates - Study of doPVCs /dt
Referenceyield jjah, HERMES, H1, COMPASS  Only for H1, ZEUS, COMPASS
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‘pure’ DVCS and exclusive meson x-sections

interpretated with “universal’”’ GPDs



Gluon imaging @ HERA

dchVCS/d-t= e-B|t|
Aaron et al., H1 Coll, PLB659 (2008)

-
Q

dopycs/dt (nb/GeV?)

« ZEUS
f \",1..’ - 104 (Be\,f
Q% =32 GeV?

W =82 GeV

e Q?=8GeV?

v Q% =25 GeV?

B (GeV?

+Q?= 155 GeV? i

-t (GeV?)

<r 2(xg) > = 2 B(xg)
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B is related to the transversed size of

the scattering objects

10
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Sea quark imaging @ COMPASS

_ oHERA: e*p 27/920 GeV COMPASS: u*200 GeV
T doPVCS/dt= eBltl
Z 6} 4
2} — -0
s ‘o
« ZEUS <Q’> =32GeV’ as soft Pomeron ansatz inspired by
I v HI-HERAT <Q'> =4GeV’ ,
3t R jg_z o Regge Phenomenology:
_ ’
L o COMPASS <Q'> =2GeV’ Bxg) = bg + 2 @' In(xo/xg)
Prediction at COMPASS ¢ o o o a’ slope of Regge traject
LE for 2 x 6months in 2016-17 with ECALO+1+2
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KM10 model constrained by DVCS

RS

B 1 1 | 1 1 1 | 1 1 1 | 1 1 T | T i
o HI, 97 =8CeV? o 5[] o H1 (HERA I}, W = 8206V |
a H1, 92 = 155 GeV? 3 s H1 (HERA II}, W = 82.GeV
a H1, 92 = 350eV2 a ZEUS, W = 80QeV ]

(=]
=]
L]

i
uul [N EET

e {r*p — p) [nb]

de (%5 — ) Jdt [ab/GeV2]

01 E W = 8206V

=
[=]
ta
=
o
[=]
e
=]
Ea

HIH
-.-_\-\..
Lo
— II\_‘||||||I L1 11
[=]
[

10

Tl p — i) [nh]
T
)
el
%

\
o
|II II

{ |
H-ﬁIH \
|
I|
|
|

legand: same & on (@)
ot -
4 &b

W [GaV]

KVI10: Kumericki, Mueller, NPB (2010) 841

Flexible parametrization of the GPDs based on both a Mellin-Barnes representation and
dispersion integral which entangle skewness and t dependences
Global fit on the world data ranging from H1, ZEUS to HERMES, JLab
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GK model constrained by HEMP

2% Goloskokov, Kroll, EPJC42,50,53,59,65,74 GPD model constrained by HEMP at small x;

dominant (longitudinal) y,* p — M p and transv. polar. y;* p—> M p (or large W)
quark and gluon contributions and beyong leading twist
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DVCS-BH interference on the proton

—> Im DVCS with BSA or Beam Spin difference
= Re DVCS with BCA or Beam Charge difference

-2 mainly constrains on the GPD H



Azimuthal dependence of BH+DVCS

d*o(lp - (py) 4 ves s
dxzdQ2dlddg APy (dor 07 + Prdor,g @) + (eRe I+ ecPIm 1)

e
do?f o H cfH cos ¢ + LBH COS 2({) /u/vf Y
d mri}gf & CJ{?I > + U?I s COS (f’ + »E 7 COS 2¢' (I)&q
- Twist-2 >>
VCs DVCS
d pol o5 S ¢ W Twist-3,
Rel o ¢} +c|cosd+chcos2d+ ' cos3d Twist-2
7 . I . oA ' double helicity flip
Im/ o s5,8m¢+ 5,512 for gluons
s;)=Im F c,/= Re F
~ at small xg
F =FH + H— E - H  for proton

NB: to extract & use a neutron (deuteron) target or a transversely pol. target
~N

to extract H{ use a longitudinally polarized target = see Angela Biselli’s talk tomorrow



A*c [nb/GeV’]

Beam Spin Sum and Diff of DVCS - HallA

EOO0-110 pioneer experiment with magnetic spectrometer
xg=0.36 Q%=1.5, 1.9, 2.3 GeV? Munoz et al. PRL97, 262002 (2006)
X=0.34, x;=0.39 Q2= 2.1 GeV? Defurne et al. arXiv: 1504.05453

xz=0.36, Q%= 2.3 GeV?, -t= 0.32 GeV?

0.09

== Total

== DVCS-Twist2
- Int.-Twist2

== Int.-Twist3

— -- Bethe-Heitler

new improved analysis

Electromagnetic
calorimeter

Plastic scintillator array

Unpolarized cross section

do™ +do” o doP? +d0?7% +Re [
unpol
—s doP 4+ 87 1 el + cosd + L cos 2¢

. [Further separtion = need of different = or beam energies

0.03

0.02

=—— Total
e |t -Twist2
== Int.-Twist3

-0.02

-0.03

120 180 240

¢ [deg]

360

Helicity dependent cross section

do™ —do~ « do ML;“ +Im 7
J
— 5 sin¢g + sq sin 2¢
]

These results supersede the previous publication
19



Beam Spin Sum and Diff of DVCS - HallA

EOO0-110 pioneer experiment with magnetic spectrometer e 9 e e
xg=0.36 Q2= 1.5, 1.9, 2.3 GeV? Munoz et al. PRL97, 262002 (2006) | P VP« \M

x5=0.34, x;=0.39 Q2= 2.1 GeV2Defurne et al. arXiv: 1504.05453 = LHetarget \\

xz=0.36, Q%= 1.9 GeV?, -t= 0.23 GeV?

N KMS12 + TMC

-——- KMS12

AY
N, —— KM10a S/
~ KM10a + TMC*

; T
W B e — |
| | | | |
< 0.02— I e
> AT LTS~
(_’)O f"// e "\"T-\_\‘I
= ol = l
.E. ! T N
002 = ‘]Li%‘::?JF
0.04
I/\—A\_/ T o—
| | | | |
0 60 120 180 240 300 360

¢ [deg]

HRS

new improved analysis

Beam ?v“—i =

6 GeV r)\ TH

Plastic scintillator array

Comparison to models:
VGG  1rst model of GPD

KMS12 Kroll, Moutarde, Sabatié, EPJC73 (2013)
with the GPD from GK model
(not adapted for the valence quark region)

KM10a fit including all the world DVCS data
except the previous x- sections of Hall A

Difficulties to reproduce the total cross section at $=180

+ TMC twist-4 corrections for kinematic effects due to
target-mass and finite-t,Braun et al., PRD79 (2014)



Beam Spin Sum and Diff of DVCS - CLAS

21 bins in (xz, Q%) or 110 bins (xg, Q* t) eSp % eyp el

- Girod et al. PRL100, 162002 (2008)

_Jo et al. arXiv: 1504.02009 new analysis VGG
KMS12

t=0.153 GeV? -t=0.262 GeV? t=0.447 GeV?

; _ KM10a — — -
ized cross section all data

except 15t ¢ HallA

e
TTTIT T T T 17T

2
I T LI

d*s (nb/GeV*?)
oobhMOMNMBO®

: - all data including
|9P=163GeV?| | ST | I%cHallA
Xp=0.185

——-BHonly |

3 Large statistical
uncertainties
at large xg and
\ Y| lack of $=180°
Helicity defndent cross section| coverage fora

T ' AT R T ... ..., definitive compa-
0 100 200 300 100 200 300 100 200 300 i i

® (deg) ® (deg) @ (deg) rison with HallA

A(d*c) (nb/GeV?)
o000 000
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Valence quark imaging at Jlab

Fit of only two CFFsat L.O and LT.

Jo et al. arXiv: 1504.02009 g
4
s)l=ImFH | =}
”
0
c,'= Re F,H 1
6
4
— VGG model _£2
«.==: Fit A eIt 0
-2
-4
Projection for Jlab 12 GeV
Transverse profile | :
oo 3.75 GeV
0.5
q(brxa)(f.m") : 0.45

b, (fm)
Dudek et al.. EPJA4S (2012)

Q’=1.11 GeV? Q?=1.63 GeV? Q%=2.23 GeV?

xp=0.126 x5=0.185 x5=0.335
____A=530+095" ____A=4.98+0.56 | A =1.44+1.25
\ b=4.25+0.98 | b,=3.03+0.55 b.=1.04+3.68
_ *T g _ it?uic _
1 T F S - %;T
R 2 T S 0 S
- ITT_T—T;_ e t_}_ &

04 02 03 04 05 0402 03 04 05 04 02 0.3 04 05

-t (GeV?)

-t (GeV?)
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vvvvvvvvvvvvvvvvvvv

b, |fm)
Guidal, Moutarde, Vanderhaeghen, Rept. Prog. Phys. 76 (2013)

1

o

b, 1fm]



Future Beam Spin Sum and Diff @JLab12

with high resolution magnetic spectro- with CLAS12
meter+ Calorimeter in Halls A and C In 2016

Central
Detector

Exp. 2010: run EO7-007
Now 2015: Hall A E12-06-119 L
~2018: Hall C T AN

Different beam energies for a
Rosenbluth-like DVCS?/Interf. separation

1ﬂQ2 vs xg coverage in Halls A and C LH, Target & Long. Pol. Target
%" Hall C 11 GeV al_ = o | 2 ,
g [Hall C 8.8 GeV f'f Qz BB 63| 045 |06 vs [ o7
«10-Hall C 6.6 GeV =
i 2= . ALV Y
3:—HEI|| A 6.6 Ge"f{/ 65 WS \ I
-Hall A 5.75 GeV = , ’\/\u \v/\/"‘*‘f\/\u r\\_f
6— ;’f - = 0.2 (03 [o45 o6
/ E N
[ / k] 9 \/\/\/\V'\f\/ N
= ) o
= L1 I |- I 1 1l KU i) P | L | 4 | 1 MY [ . | L | | 1 1 | 1 |

Q.45 0.5 0.55 0.6 0.65
B

i 1 L ! 1
Xg 0.15 0.2 0.25 0.3 Q.35 0.4



Beam Charge Asymmetry @ HERMES

Complete data set including 2006-07 without recoil detection

A. Airapetian et al, JHEP 07 (2012) 032 http://arxiv.org/abs/1203.6287

Dominant Twist-2

cﬁ-+c{cos¢
c,'= Re F, H

3 [ i i Twist-3 for Int
S . ] ] . #
@ 0 f---- S R PO RSP § U Y- EEREEEN S — I
g ) | I & i ] ] i ]
< [ i P | P ot | | ¢ €os 2¢
. 0aF C - - .
3 - . - Twist-2 gluons for Int
§U 0 F---- -5 ) ———.—-.———.'—j' ————— ——.——'.—1—'.-——!————i—“—"—‘I'—l——.——i——-i—————- -
< I T [ L . ¢, COS 3¢
8% oo . 3 . e | . e resonant fraction
w m ® ] a @ o [ I ]
<E . e o ® ® Al - ep 2 eyA*
10 107 107 1 10
Overall -t [GeVA] Xg Q’[GeVA

KM10a: http-//arxiv.org/abs/0904.0458 GHL11: another flexible parameterization
Kumericki and Mdller, Nud. Phys. B841 (2010) hitp://larxiv.ora/abs/1012.3776

G. Goldstein, J. Hernandez and 5. Liuti, Phys. Rev. D84 ({2011)



Beam Charge and Spin Diff. @ COMPASS

4 —
— — - _ VCS L.T.
| —
Comparison to different models ¢,'= Re FH

=) i 0.06
vE 0.15L E-160GeV 1< Q< 4GeV? 003 < x,5 0.07 L DCS,L’ (,;35) [nb/GeV“i]

Z [ 0.06< -t <0.64 GeV’ N

& , N

= L — VGG Reggeized (x,t)-correlation Ol = 0.8 0.04 - L -

E-’ o1 VGG Factorized (x,t)-dependence oy’ = .05 :': ézgi o 230(1 NE
= ; = 2.0 Ge

i 0.05 .. Mueller fit on world data 20'02 — (—t) = 0.2 CGeV?2
=T S U N, (with JLab Hall A: asym + cross-sect) |

2 IO —.—.- (without JLab Hall A: only asym)KM10a O

§= 0 i,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - ..--." N o o e R L o B b S e et 8 g e 8 8 e N ~
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0 — KMS12: Kroll, Moutarde, Sabatié
EPJC 73 (2013) 2278

—-—=KMI10a (without Hall A)
----- KM10b 25

DVCS Prediction at COMPASS
For 2 x 6months in 2016-17



Beam Charge and Spin Diff. @ COMPASS

Re I >0 atH1

Re F.H Predictions with <0 at HERMES
VGG and D.Mueller KM10 Value of x; for the node?
o3 0.4 o3 0.4 . 0.4 -
§<u“° 0.3sf. 0.005 < x, < 0.01 §<U“° 035f. 0.01<xg, <0.02 E{u"‘ 035 0.02<x, <0.03
fl--'i;— — Compass projected 0.3;— — Compass projected a.sé— — Compass projected
0.25:— g :

S NS W T T . . ST N I T TN N . .
DYy "5 0z 03 04 05 %2 VY57 0z 03 04 05 %2

58 oasf 003 <x5<0.07 8B oasE 015 <x5 <030
0.3 — Compass projected

F — Hermes JHEP 07 (2012) 032

0.3 ;_ — Compass prcuected
r —Hermes JHEP 07 (2012) 032

Ilh,-!»lllh.sll L 07. 'ﬂ“h_lllh.lflI{Il.2llI\‘:l,llllh.|4lll'tll.|5|” 'l I 07. 08
1) t[(GeWc)’]




Impact of DVCS @ COMPASS in global analysis ?

Re H linked to the @ term

Im H is rather well known e _
is still poorly constrained

R.] 2

_ — HERMES+CLAS]
t=0 — +HallA

=03 GeV2 —— HERMES + CLAS

o
s

o
.

\\~
~ -

x Hix,x,0)

o
~

01p

10

L

1 L L 1L L L
0.001 0.005 0.010 0.050 0.100 5 0.500 1.00i

00

= From Muller, COMPASS workshop, Venise, 2010

= Kumericki, Miller, NPB 841 (2010) 1-58

=  Muller, Lautenschlager, Passek-Kumericki,
Schaefer, arXiv:1310.5394, 125p
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Hunting the GPD E, holy grail for OAM

0d->Lny(p)

Aoy~ Im (F, H - F,, E)
Model dependent extraction of J¥ and J9
04 - :
i HERMES JHEP 0806 (08)
03 Sg (model based)
Q) 2]
ck 3
=
I 016= 7%
~ U= E
>’ H ]
0.00& L °
-_
-0.1- L \
I 2 2 ]
_0'2__.9._4.C}|ev.|.. [ ..‘|..._-
00 01 02 03 04 05 06 07
Ju+ﬁ

Acy;
Aoy

) pﬁé Lpy
sin(¢-¢s) <056 = Im (F, H — F,E)
sin(¢- ¢s) cos ¢ = Re (/'-'2 H — FIf)

Goloskokov & Kroll, EPJ C59 (09) 809

Diehl et al., EPJ C39 (05) 1

Guidal et al., PR D72 (05) 054013

Liuti et al., PRD 84 (11) 034007

Bacchetta & Radici, PRL 107 (11) 212001

LHPC-1. PR D77 (08) 094502

LHPC-2, PR D82 (10) 094502 LATTICE QCD
QCDSF, arXiv:0710.1534

Wakamatsu, EPJ A44 (10) 297

Thomas, PRL 101 (08) 102003

Thomas, INT 2012 workshop

Dudek et al., EPJA48 (2012)

Future program - under discussion at COMPASS - selected at JLab12 as
“High impact” experiments (CLAS 12 + neutron detector + HDice or ND, target)




Large contributions of the chiral-odd H; and Ii

ep2>emn’p df;mﬂ % (dgf + Ed;;) + €cos Ecﬁw-ii;% + 1/ 2€(1 4 €) cos @ dZ;T]
s {a-e ) - [ )] - ;e ()] | = only afew % of T
Ton Tt (=) NP - o B | TEE] ] i
L L e T e [(hny ()

orr _ Amopy  tf 2 3 e

& = % g om? |P7)] 5 o

Large impact of E;
clearly visible in o
and in the dip at small t of o;

solid lines : GK EPJA47 (2011)
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Only selected results, many others are given in parallel session.
A. Sandacz (COMPASS), B. Seitz (HERMES), A. Biselli, T. Horn, F. Sabatié (Jlab)

Prospects for Time-like Compton Scattering and Double DVCS.
Data in a large kinematic domain are still necessary.
A large theoretical effort remains:

- to extract the GPD information from the experiments
- to still improve the GPD models

GPD programs with DVCS, HEMP (from light mesons to J/'¥)
are a priority for COMPASS @ CERN, JLab 12 GeV,
and for a future electron-proton collider

Understanding the structure of the nucleon
is still an exciting and vibrant area of research
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Beyond the chiral-even GPDs = chiral-odd GPDs

2 of the 4 Chiral-even

v* p—>n’ p L=0

<~ = f Sivers: quark k;
“Elusive” E 1T é é & nucleon transv. Spin

v¥ p'— n0 p¥ L=1
Ji: 209= [ & (H9 (x, €, 0) +E9 (ax, £,0) ) dac

2 of the 4 Chiral-odd _ ,
H — = h Transversity: quark spin
& nucleon transv. spin

v¥; pT—> n0 p* L=0

E-=2H. +E<——»h@ @

vy p> 7’ p L=1

Boer-Mulders: quark k;
& quark transverse spin
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DVCS and BH contributions @ COMPASS

— - 0.005 <x_ <0.01 0.01 <x_,<0.03 0.03<x_<0.27
ntand p- _ & 2 l K
:_ L COMPASS 2012 [ e Data 7Y bgd. MC
< r - --- max.
160 GeV 1.0r ii g 5L —MC E) + ______ min. \
I o JT—l_-BH+maxn”bgd.'
0.8 04l
0.6/ 03
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Pilot run in 2012 0. (deg) 0. (deg) 0. (deg)

v" Dominant Bethe-Heitler process clearly visible at small Xg;
v" Maximum 7° background (from exclusive and SIDIS ©° production) estimated in blue
v' The data at large Xg; Show an excess compared to BH+Background (for pure DVCS)

COMPASS ready to take DVCS and HEMP data in 2016 and 2017



Exclusivity in fixed target: £ p = £+ 7+ p,,.,

M,2= (P, + P, - Py~ P.)?

Y 4 7
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Beam Spin Asymmetry @ HERMES

Complete data set including 2006-07 without recoil detection

A. Airapetian et al, JHEP 07 (2012) 032 hftp://arxiv.org/abs/1203.6287
| [ — Koo (without Hall A - ey i Dominant Twist-2
= I '
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Kumiarickl and Miler, Nud. Fnys. BE41 (2010) http://arxiv.org/abs/1012.3776

G. Goldstein, J. Hernandez and 5. Liuti, Phys. Rev. D84 ({2011)



BSA with recoil detector @ HERMES

0.2 data set 2006-07 A. Airapetian et al, JHEPI0 (2012) 042
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High-purity event selection shows that there isonly ~ #= @ Without recoil detection 1995-2007

a small influence on the extracted BSA amplitude R T__
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KMS12: Kroll, Moutarde, Sabatié, EPJC73 (2013)
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Impact of DVCS @ COMPASS in global analysis ?

Importance of NLO

10 T T
[ 1=-0.1GeV?
08
06 f R
-!—O :.' /

04 F=

£ ReH

02|

0o |

-02
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= Moutarde, Pire, Sabatié, Szymanowski,
Wagner,PRD87(2013) 054029, 15p

Better knowledge of Re H
linked to the @ term
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From Muller, COMPASS workshop, Venise, 2010
Kumericki, Mller, NPB 841 (2010) 1-58

Muller, Lautenschlager, Passek-Kumericki,
Schaefer, arXiv:1310.5394, 125p



Bratt et al, LHPC, PRD82 (2010)
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FIG. 44: Total quark spin and orbital angular momentum
contributions to the spin of the proton. The cross represents
the value from the HERMES 2007 measurement [92]. The
error bands are explained in the text. Disconnected contri-
butions are not included.
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FIG. 45: Quark spin and orbital angular momentum con-
tributions to the spin of the proton for up and down quarks.
Filled and open squares denote AX* /2 and AX? /2, and filled
and open diamonds denote L* and L9, respectively. The
crosses represent the values from the HERMES 2007 mea-
surement [92]. The error bands are explained in the text.
Disconnected contributions are not included.



