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Introduction

Outline

@ |Introduction: how GPD can be accessed in experiment

© Experimental overview:

e HERMES at DESY

e Hall A and Hall B at Jefferson Lab
© Outlook

o Jefferson Lab at 12 GeV
o COMPASS-II at CERN
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Introduction Motivation

Generalized Parton Distributions

_J_C_+_&_ _ f _______ \ _x_—f“ @ Correlate between different partonic states

. @ Correlate momentum and position of partons
P CH(xE) E(xEDH . P

T~ HGED ExEH A

t=(p-p)

@ Access to new fundamental properties of the nucleon

Contribution of the angular momentum of quarks to proton spin:

1 1 1 [t
5 = §AE + Lq +J9 = Jq = 2/ d$$[Hq(x7£70) + Eq($,§,0)]
—1

—_——
Jq
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Introduction Experiments

GPD experimentally: Compton Form Factors (CFFs)

Cross-section () measurement Beam or target spin Ac
and beam charge difference (ReT) contain only Im7,
integrate GPDs with 1/(x£) weight therefore GPDs at x = £ and -

Lattice Moments

= jan(x, &, t)dx -0.5
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Introduction Experiments

DVCS experimentally: interference with Bethe-Heitler (BH)

DvCS

— «— ~
do-do = Sm (

&7 +d o = |BH|? + %e(TPT.TPVCS) L |DVCS|?

TDVCS:/+1deW+...:
-1

x— &+ e
+1 H
&, .
P dx(i) — imH(r=¢&8,6,t) ...
-1 r—§
Access in helicity-independent cross section Access in helicity-dependent cross-section
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Introduction Experiments

Kinematic coverage

Kinematic complementarity between different facilities
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COMPASS covering part of JLab and HERMES kinematics and

extending into the low z region
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Introduction Experiments

The DVCS program “worldwide”

e HERMES at DESY:
e Beam (BSA), charge (BCA) and transverse target (TSA) asymetries

published
e Several ongoing analysis + recoil detector installed 1 year before

shutdown: results to come. ..
e Hall A and Hall B partially overlapping, partially complementary,
active programs:
e Hall A: high accuracy, limited kinematics
e Hall B: wide kinematic range, limited accuracy
e Very different systematics

e COMPASS at CERN

@ The roadmap:
Early results (= 2001) from non-dedicated exp. (HERMES+CLAS)

o
o
o Compeling DVCS experiments in Halls A/B at 11 GeV (/2014-16)
e Exciting program at COMPASS (2015-2016)
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Recent results HERMES

HERMES
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HERMES:

Recent results

HERMES

compatibility of old and new datasets
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Recent results HERMES

New HERMES results: combined DVCS BSA

0.2 | ' —— KMI0(a) I - - GGLi B
KM10 (b)
= 0
£D
»n
< 42
0.4
0.2
8
.5
£3 .02
<
0.4 | —}
02 F F F F
=
& 0 - e ey T R N T e A
& 02 3 3 3
0.4 | —=|
8-5 0.4 .
g8 02 .
<= e e ‘ - ‘
102 10" 10" 1 10
Overall -t [GeV?] Xg Q?[GeV?]

arXiv:1203.6287

Carlos Mufioz Camacho (IPN-Orsay) Experimental GPD overview IWHSS'12 — Apr 16-18, 2012 10 / 30



Recent results HERMES

New HERMES results: combined DVCS BCA
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Recent results HERMES
Recoil detector at HERMES

Missing mass squared ep — ey X

e ¢'data

8 0.3
0 0.
§ o e data
8 — MCsum
S .. elastic BH
0.2 mm associated BH

- semi-inclusive

0.1

T30

M2 (GeV?)
Integration window:

—2.25 GeV? < M2 < 2.89 GeV?

o Not fully exclusive
@ Recoil detector operated during last year of data taking
@ Analysis underway and results to come
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Jefferson Lab

High Resolution Spectrometer

Recent results

E00-110 experimental setup

& o LH2 target

“Beam /
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Recent results  Jefferson Lab

DVCS cross section in the valence region (Hall A: E00-110)
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Recent results  Jefferson Lab

E00-110 results
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Phys. Rev. Lett. 97, 262002 (2006)
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Im(C})”

Recent results  Jefferson Lab

DVCS on the neutron: experiment E03-106 at JLab

LD, target (F3H(t) > FI'(t) 1) . Charged p.art.icle veto
in front of scintillator array

AN AR AR AN RA AN AR LR

Sd b b L o awn

Main contribution for neutron
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Recent results  Jefferson Lab

E01-113: BSA in a large kinematic domain (Hall B)

CLAS+
dedicated calorimeter
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Recent results  Jefferson Lab

E01-113: BSA in a large kinematic domain (Hall B)
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Analysis of cross sections underway
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Recent results  Jefferson Lab

JLab Hall B cross-sections: preliminary
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@ Large data set under analysis

@ Compatible within errors with Hall A in overlap region
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Recent results Near-future experiments

E07-007 (Hall A)

DVCS
12
e | L jf
©)
olep—epy)= |BH? + ZI(BH -DVCS) + |DVCS|?
S—— — —

Known to ~ 1%  Linear combination of GPDs  Bilinear combination of GPDs
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Recent results Near-future experiments

E07-007 (Hall A)

DVCS
|
e | L K
©)
olep—epy)= |BH? + ZI(BH -DVCS) + |DVCS|?
S—— —

Known to ~ 1%  Linear combination of GPDs  Bilinear combination of GPDs

DVCS cross section has a very rich azimuthal structure:

@ Azimuthal analysis allows the separation of the different contributions to Z
if DVCS? is negligeble.

@ If DVCS? is important, Z and DVCS? terms MIX in an azimuthal analysis.
@ The different energy dependence of Z and DVCS? allow a full separation.
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Recent results

Near-future experiments

E07-007: Rosenbluth-like DVCS?-Z separation in Hall A

@ Clean separation of BH-DVCS intereference term from pure DVCS?

@ Scaling test on the real part of the DVCS amplitude

@ Rosenbluth separation of o, /o7 for ep — epn®
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Extraction of GPDs

Overview of current approaches

o Local fits:
Take each kinematic bin independently.
Fit Re(H), Zm(H), . ..independently.
M. Guidal
o Global fits:
Take all kinematic bins at the same time.
Use a parametrization of CFFs or GPDs.
G. Goldstein et al., K. Kumericki and D. Muller. ..

e Hybrid local/global fits:
Combine 2 previous methods to estimate systematic errors
H. Moutarde

o Neural netwoks:

Already used for PDFs fits. In progress for GPDs.
K. Kumericki and D. Muller
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Extraction of GPDs

Compton Form Factors local fits

JLab Hall A JLab CLAS HERMES
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o t—slope related to the size of the object (Fourier transform)

o Valence (large =) quarks are more concentrated than the sea (low )

@ Axial charge (H) more concentrated than electromagnetic charge (H)
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Extraction of GPDs

CFF global fits
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Future  JLab @ 12 GeV

E12-06-114: JLab Hall A at 11 GeV

JLab12 with 3, 4, 5 pass beam
(6.6, 8.8, 11.0 GeV beam energy)

DVCS measurements in Hall A/JLab |
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1 year of operations in JLab/Hall A
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Future  JLab @ 12 GeV

E12-06-119: DVCS on the proton with CLAS12
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Future  JLab @ 12 GeV

E12-06-119: DVCS on the proton with CLAS12
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Future  JLab @ 12 GeV

E12-11-003: DVCS sur le neutron avec CLAS12

Central
Detector

 Forward
J Detector
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E12-11-003: projections
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Future Compass-II

DVCS with Compass-II: transverse imaging of the nucleon
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Future Compass-II

DVCS with Compass-II

Beam Charge and Spin Diff. (nb/GeV*rad)

Carlos Mufioz Camacho (IPN-Orsay)

Comparison to different models
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Conclusion

Summary

DVCS golden channel for GPDs, but also accessible in:

o Time-like Compton Scattering (JLab proposal underway)
o Deep meson production (but higher Q? are needed. . .)

Large set of data (cross-sections and asymmetries) is now available
from HERMES and JLab

@ First contraints on GPDs coming out from global fits

Compeling GPD program in the future at Jefferson Lab & COMPASS
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