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Generalized parton distributions Eric Voutior E2IPX=
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Parton Imaging

> GPDs are the appropriate framework to deal with the partonic structure of hadrons
and offer the unprecedented possibility t0 aCccess the spatial distribution of partons.

% 6PDs = GPDs(Q?,x,E,t) whose perpendicular component
of the momentum transfer to the nucleon is Fourier
conjugate to the transverse position of partons.

<+ GPDs encode the correlations between partons and
contain information about the dynamics of the system
like the angular momentum or the distribution of the
strong forces experienced by quarks and gluons inside
hadrons.

X.Ji, PRL 78 (1997) 610 M. Polyakov, PL B555 (2003) 57

M. Burkardt, PRD 62 (2000) 071503 M.Diehl, EPJC 25 (2002) 223

A new light on

GPDs can be interpreted as a 1/Q resolution hadron structure

distribution in the transverse plane of
partons with longitudinal momentum x.
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The GPDs Framework

D. Miiller et al., FP 42 (1994) 101 A.V. Radyushkin, PRD 56 (1997) 5524  X. Ji, PRL 78 (1997) 610

Coherence between quantum states of different helicity,
longitudinal momentum and transverse position.

% At leading twist, the partonic structure of the nucleon is
described by 4 quark helicity conserving and chiral even

GPDs and 4 quark helicity flipping and chiral odd GPDs (+8
gluon GPDs).

P. Hoodbhoy, X. Ji, PRD 58 (1998) 054006 M. Diehl, EPJC 19 (2001) 485

x Initial longitudinal momentum fraction H q = q . H q = q H3 : Ed . H 9  E g
-2¢ Transferred longitudinal momentum fraction (skewness)
(-1)1/2 Momentum transfer to the nucleon

l % In the forward limit (+ — 0, £ —» 0), H's reduce to the for'war'd |

| parton distributions (density, helicity, transversity). |
|

I % E's, which involve nucleon helicity flip, do not have a DIS equivalent.

E's are
new and unknown
distributions

HI(x00)=q(x) HY(x00)=Aq(x) HI(x,0,0)=&(x)
HI9(x00)=xg(x) HY(x00)=xAg(x) {H,E,H,EFx00)=0
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Form

Factors
% The first Mellin moments relate GPDs to Dirac (H9), Pauli (E9),

axial (H9), and pseudo-scalar (E9) nucleon form factors.
I_ldx E%(x, &t)= Fl(t) j_ldx Eq(X,f,t)ng(t)

“» Similar relations relate chiral odd GPDs to tensor form
factors.

q g ]_ g
¢independence from Lorentz invariance I dx [ T X 0 O) ET (X’O’O) = K7 <\

Transverse spin-flavor dipole moment
in an unpolarized nucleon

Energy Momentum

Tensor

% The second Mellin moments relate GPDs to the nucleon dynamics, i.e. parton angular momentum and
strong forces distributions.

X.Ji, PRL 78 (1997) 610 M. Polyakov, PLB 555 (2003) 57 M. Burkardt, PRD 72 (2005) 094020

J9 =%Azq + L =%j_+11dx x[H 9(x, &£,0)+ Eq(x,g,o)] :—j dx x[HT (x,0,0)+ 2H{(x,0,0) + E{ (xoo)]

Correlation between quark spin and angular
momentum in an unpolarized nucleon

| GPDS unify in the same universal framework partoh distributions, form £actors,
and the spih of the hucleon.
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Hard Exclusive Scattering

J.C. Collins, L. Frankfurt, M. Strikman, PRD56 (1997) 2982 X. Ji, J. Osborne, PRD 58 (1998) 094018 J.C. Collins, A. Freund, PRD 59 (1999) 074009

GPDs can be accessed via exclusive reactions in the Bjorken kinematic regime, where the cross
section can be expressed as a convolution of a known hard scattering kernel with an unkown sof+
matrix element related to the nucleon structure (GPDs).

DVCS DYV
Deeply “Yirctual Deeply “YVirtual
Compton Scattering ¥YNeson FIroduction

70
S % Longitudinal response /
only

(p.0,9...)
o )

X— f Hard gluon

o - -

U - | < Factorisation applies only to Iongn‘udmally

. ** Additional amplitudes contribute to the ; i polarized virtual photons whose contribution to the :

: reac‘non process and interfere with the ; | electroproduction cross section must be isolated.
DVCS amplitude. .

:_~:~ Meson production acts as a GPD and a flavor filter. !

Dubna, October 4-9, 2010 5 / 2 4
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GPDs enter the cross section of hard scattering processes via Compton form factors,
that are integrals over the intermediate parton longitudinal momenta.

. rldx GPD(x,$,t) _ Tflldx GPD(x,¢,t) + i @RD(x=+2,21)

1 xx&Fie Xt¢&

Q2 >> M? -t << Q?
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Photon Electroproduction

Out-of-plane angle entering
the harmonic development of the reaction amplitude
A.V. Belitsky, D. Miiller, A. Kirchner, NPB 629 (2002) 323

hadronic plane

ey
leptonic plane

— BH + DVCS

DVCS Bethe-Heitler (BH)

[ , |
o(eN—eNy) = + +

PO=6G€V/C /

I'is emitted either by the incoming or outgoing electron :
I interferes with DVCS. :

—
°|
Ly

i % DVCS & BH are indistinguishable but the BH amplitude .
* is exactly calculable and known at low t.

-
o,
n
T,

. % The relative importance of each process is beam |

|
|
|
I
|
|
|
. % The Bethe-Heitler (BH) process where the real photon |
|
|
|
I
|
|
energy and kinematics dependent. I

|

I

I

I

I

4 1
-

] I

= 10 R
= I
o —— DVCS

=1 I
Mnn

= 1

=4 |
=

= I

I

: I

I

L1 | I | I I |
b

‘Polarization observables help to single-out the DVCS amplitude.
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Differential Cross section
Unpolarized Target

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009

e . P~ ~
Gpo=G6gH +Opves + P Spves + €1 (61T + P SinT)

| | | |
v
Evenin ¢ » Odd in @
O|NT < %e[ﬂl(y*N — yN)] O|NT € Sm[ﬂ(y*N - VN)]
| ,
S, P 3 0 T 0 S & s

— + p—
‘ Goo =0BH tOpvcs —OINT O0o—O00 = 20|NT \

- - ~ ~ + + - - + - + - ~
G,0—0_0 = 20pyvcs ~ 20 INT [0+o —0—0]— [0+o —0—0]2 [0+o—0+o]— [0—0—0—0]: 4oNT

‘Polarized electrons ahd positrons allow to separate the
Four uhknown components of the Cross section for electro-production of photons.
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Fric Voutier

Differential Cross section
Polarized Target

M. Diehl at the CLAS12 European Workshop, Genova, February 25-28, 2009

ops =0pg+ S|P Aogy +(ASpyes + P Aopyes )+ € (AS T + Py Aoyt )]

Polarized targets allow to access other GPD combinations

—>C|I_P (f) = Fl(t) ﬂﬂ- f(Fl(t) AF F2 (t)) H . é(ﬁ(trr Fa())E - g(%ﬁ(tﬁﬁa(t))f

—»cT'p_(f){ VYT 2()) (1;4;,'2

2 2
A ]+ szl(‘)j . ég(a(t) +R0) A -%ﬁ‘[(ﬁ(t) + R)E

- ¢ Four new cross section components that may be ; ,

Additional electron observables I
1

o5, — 5. = 208 pyes — 208 1 - separated from Rosenbluth-/ike experiments, or the |

. combination of polarized electrons and positrons | .
L

- measurements at the same kinematics. .

[GI+ —c;_]— [cs:+ —0:_]= 4Acgy +4Acpyes —4Ao|NT
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What did we learn ?
04| J A. Airapetian et al., PRL 87 (2001) 182001
v 02 T —r T S. Stepanyan et al., PRL 87 (2001) 182002
< . C. Adloff et al., PLB 517 (2001) 47
% o1 b S. Chekanov et al., PLB 573 (2003) 46
E 02} TF F.D. Aaron et al., PLB 659 (2008) 796
E .-
% ,I, 0
%_ 0.0 4.’ S. Chen et al., PRL 97 (2006) 072002
A N 010 A. Airapetian et al., PRD 75 (2007) 011103
T L J \\ E
“ -0.2 0'2:_ g - s Em s EE s EE s EE s EE D EE s Em s o Em o mm s
) el | 1 I | PRI B S T . .
0 05 1 15 2 25 3 | “ Proof of the existence of a!
| | | 16l (rad) + DVCS signal at HERMES and |
0 /2 r 32 2r . JLab from a non-zero beam |
12 I spin asymmetry, and at H1 -
2 I | and ZEUS from sizeable cross !
o 101 * sections. |
S F | .
o 8 .
o I . .|
gl I & Beam charge asymmetries ;
: 1 and longitudinal target spin .
4t pof e | " asymmetries are showing al
2 ._ 0 50 100 150 200 ZSlelgreeaﬂl] 350 I Dvcs si nal -
Q2 = 8 GeV? e ] '
0 [ Liia gl A
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Experimental status

Fric Voutier

C. Munoz-Camacho et al., PRL 97 (2006) 262002

F.-X. Girod, R.A. Niyazov et al., PRL 100 (2008) 162002
A. Airapetian et al., arXiv:1004.0177 [hep-ex]

5r 2 2
F <Q’> = 2.0 GeV , Q*=1.6 GeV?
3 03—~ <x>=0.26 F 4 ' x=0.25 ey
4 :- B <-t> =-0.55 GeV2 + -t=0.28 Gevz
3F ’% . . [reemmsmemreet *‘\l """"""" 5
JT _________________________ T ]
- ns
1 :_ 1 1 " 1 "
0 E X0 m clF), im c!Fef) (integrated over t) 4
.
-1F . g
) : e+p—o>e+p+y
-3 . c e by by by g by v Iy | |
14 16 18 2 22 2.42 0 90 180 270 360
Q?%(GeV?) o (deg)

<t>=-0.17 GeV’ -

(/3% | N RPN ........... ...........
D Q2=236eV?
0.080 & b 2036, .0 @ 2o

] a0 180 270 360
o, (deg)

agreement with data up to 2.3 GeV?2,

% 6PD based calculations, beyond the H dominance hypothesis, reproduce reasonably well the
main features of the data (some inconsistencies exist with respect to A, and A)).

* Calculations based on hadronic degrees of freedom, within a Regge approach, are in fair

b ¢ s ¢ s s mm s s s o s o s B s EEE E EEE E EEE B EEE E EEE B EEE B EEE § EEE § EEE E NN 5 GEE S EEE G GEE S S S S S SN S M S M S s
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YNodel Dependent Quark Angular YNomenta

JLab Hall A
n-DVCS

Measurements of f proton
are sensitive to J,
(u quark in the proton)

| M. Mazouz et al., PRL 99

Ry PR Sy Sy

Measurements of f neutron iﬁgﬁﬁgeGgESSF (quenched)
are sensitive to Jq -0.2[~ [JLattice QCDSF (unquenched)
(u quark in the neutron) . [CJLHPC Lattice (connected terms)
04 [CJA.W. Thomas, arXiv/hep-ph: 0803 2775
| GPDs from :

Goeke et al., Prog. Part. Nucl. Phys. 47(2001), 401.
-0.6[ code VGG (Vanderhaeghen, Guichon and Guldal)

08 HE;RMES Preli
I p—DVCS

I (R S I SR I P
1-1 08 -06 -04 -02 -0 02 04 06 08 1

Neutroh and transversally polarized proton targets are essential equipments
for the hunt of the quark orbital momentum.

Dubna, October 4-9, 2010 12 / 24
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Experimental status Eric Voutier o ¢\ To e
What will we learn ?
| = The energy upgrade of the CEBAF !
10 wum , SR , I accelerator allows access to the high xB
,ézgf, ZEUS C’J‘Z% | region which requires large luminosity.
.'. 1 -
8 (5’ ({/\ . @4 | % The DVCS project at COMPASS will :
8 | ,\\O J | explore intermediate x; (0.01-0.10) :
(\; | ? 00 ' with a reasonable overlap with the JLab
— 6 : 1 I 12 GeV kinematic domain. :
N> - s s R mEm s EEm 5 S N EEm R EEm R EEm N S N EEm N EEm 5 EEm N s N Emm N Emm 5 o w
() {
)
C 4 i Ao,y Aogj Aoy Aaa—rj o Ac™ Aoy Aazij
2 ) Imaginary parts Real parts
0 | : ) 4
04 05 06

Dubna, October 4-9, 2010

Tt remains a theoretical concern
t0 extract GPDS from CFFS.




Polarized positron production el

High Energy Schemes

The production of polarized positrons follow a two step process: first the production of
circularly polarized photons, and then the polarization transfert from pair creation.

Compton J3ackscattering Zndulator
T. Omori et al, PRL 96 (2006) 114801 G. Alexander et al, PRL 100 (2008) 210801
to the
Combined IP
) scanner i ) e—
©" beam Screens § Screens e beam  Mirror (R)
Power
Y port —_—
mESer Alt=1 mm 150 GCV:= Y—beam
- lectron
window window ebeam
" : undulator ~100 m
Compton chamber Wiror() Mirror
(tri-cells) p Laser beam
Collision point //Mirror (R)

—_
[e5) o
o (=]

TTT [ TT T TTT

Straight section4m  lens f=5000 mm

N iy
(=] (=]
TTTT T

P(e*) = 73 £ 15+ 19 %

—— expected e’ polarization
--------- expected e polarization

longitudinal polarization (%)
(o)}
(]

+

iy

5 8
E.. (MeV)
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Polarized positron production sric Vourier LEFPXE

Polarized Bremsstrahlung

E.G. Bessonov, A.A. Mikhailichenko, EPAC (1996) A.P. Potylitsin, NIM A398 (1997) 395

» Within a high Z target, longitudinally polarized e-'s radiate circularly polarized y's.
» Within the same/different target, circularly polarized y's create longitudinally polarized e*'s.

bqulGaAs Straine? GaAs Superlattice EiaAs

[ \ [ \ [ 1
P

¢ 35% 35% 5% 75% 85%
2007 2010

| 30 pA 100 pA 50 uA 100 pA 150 pA

|

All operating with suitable photocathode

lifetime to sustain weeks of operation Evolution of CERAF

polarized electron source

J. Grames et al., Proc. of XXII"d Particle Accelerator Conference, Albuquerque (NM, USA), June 25-29, 2007
Dubna, October 4-9, 2010
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Polarization transfert

Fric Voutier

P

Greneb.e

Bremsstrahlung

H. Olsen, L. Maximon, PR114 (1959) 887

> The most Currently used framework to eValuate polarization transferts for polarized
bremsstrahlung and pair Creation processes is the O¢[V] work developped ih the Born
approximation £or relativistiC particles ahd small sCattering angles.

E,=3.0MevV 0, =0.41 mrd

0.8 —

[ Olsen / Moximon
0.6

04

Photon Circular Polarization

A

WITH Coulomb corrections
WITHOUT Coulomb corrections

| | | ETSRETS e

Dubna, October 4-9, 2010

0 01 02 03 04 05 06 0.7 08 09

k/T

< The observed singularity reflects

' the known problem of unpolarized cross ,
- sections in the tip region: Coulomb .
. corrections appear too strong for!

heavy nuclei, leading to negative cross |

. sections.

. % Unphysical polarization transferts !
I remain even when neglecting Coulombl

corrections. |

. % The full screening case does not !

reflect any peculiar features. I

16/24
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Pair Creation

H. Olsen, L. Maximon, PR114 (1959) 887

> Pair Creation is obtained from bremsstrahlung expressions by KihematiCal substitutions

D Unphysical polarization transferts |

I'are observed at small energy over the !

|fu|| kinematic range, independently of|
; Coulomb correction effects.

w=3QMeV 0O,=0.41 mrd

Olsen / Moximon

| I "% The full screening case does not !
/ I reflect any peculiar features. |

0.5 -

Positron Longitudinal Polarization

WITH Coulomb corrections

-0.5 ; WITHOUT Coulomb corrections !
! Some features of O&M calculations
= 6 “0.11” 02 0|3 6‘4 “l0‘5 06 07 08 09 I 1 ar‘e no.r valid
T,/ (w=2m,)

Dubna, October 4-9, 2010 1 7/ 2 4
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Bremsstrahlung and Pair Creation
Revisited...

E.A. Kuraev, Y.M. Bystritskiy, M. Shatnev, E. Tomasi-Gustafsson, PRC 81 (2010) 055208

BREMSSTRAHLUNG PAIR CREATION

| o 0.02 — No screening effects - | | No screening effects

0.1 L BRI B B T 2 L B L B AL R T
E, = 100.0 Mev 0O, = 0.41 mrd 1 1.8 , w = 100.0 MeV 0O, = 0.41 mrd 4
] © |
0.08 ©
- R —_—— - & 16
. og Th[esenporison @G{@m‘!@‘hons develq pped %’ Comparison OM with KBST
I isithout neglecting the electron mass, c 14
. o
| ® no.r @M)‘er hhto%Ycumys'cal feaTureS. ! § 1.2 Full lines with Coulomb corrections
- § . Dashed lines without Coulomb corrections I g Dashed lines without Coulomb corrections
I = o.f_ . S i ]
- 3 Tfse calculations show a r'emar'lkable ; =
: kinematic symmetry. § 0o ]
'E» ]
S
5
:§
a

. 5 . 1 - N F i ;

| %’ S'qn&fleéaﬁ(‘g effedfffA r S WlTh O&M I 0.6 N ull screening effects

Pr) 3 S L]
L%:S' A ‘ I 1 0.4 ?.::: _______________________________ 8
"""""" g [ R S ]
-0.02 - ‘ -
o ‘0!1‘ 02 03 04 0‘5 ‘ Io‘.s "7 08 ‘0{9 7 00 IOH ‘0E2 03 04 0J5 ‘ ‘0{6 o7 0.‘8‘ l ‘0%9 1
k / T, To / (w—2m,)

Talk of Yu Bistriskiy on Wednesday
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et Figure of Merit

> The Figure of Merit is the quantity of interest for the accuracy of a measurement which combines

the incident flux of particles and its polarisation.
(GEANT4 simulations based on the full screening case of O&M)

e* current (pA)

AB,. =+10° AE,. =+0.25MeV Mean 30.53

100 400E  Opfimum_ _ _ RMS  10.55
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Potential performances

100
90
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60
50 i,
40

Polarization, %

30|
20/
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10 TR TR | N AR 3

Electron kinetic energy, MeV

Current, nA

1.4

1.2

0.8

0.6

0.4

0.2}

10 20 30 a0 50 &0
Electron kinetic energy, MeV

> The typical potential polarized positron efficiencies of a polarized bremsstrahlung source
are 106 in intensity and 0.7 in polarisation.

The target material and thickness, and the e* capture system can be optimized to improve performances.

Grenoble, 6 Mai 2010

> The PEPPo experiment @ JLab (P, = 5-9 MeV/c, I, = 1-10 pyA, P > 85%)

will test this concept.
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A Proof of Principle

Anh experiment to test the production of polarized positrons from polarized
bremsstralhung is Currently desighed.

The positron yield and polarization distributions will be measured.

|The experiment will be performed at the CEBAF injector (T < 10 MeV)
: on a new dedicated e* line, designed to sustain ~30 pA electron
| current, and is expected to run during the 6 months shutdown of 2011.
|

:The e* line will be equiped with y and e* production production targets,
1and the magnetic collection & selection system & Compton

:_transmission polarimeter used in the E166 experiment at SLAC.

Dubna, October 4-9, 2010



The PEPPo experiment @ JLab

UNMODIFIED H———+— :
T 1 | I | | l
|1 L |
| ! i I 1

- L |

B —— T : T s
—"aTv‘é (N d
R
I MHEOLO1V | MQSOL02B ,
i VBVOLD1B UE'ESL‘:?%H J  MHBOLOZBH CCAOLO4
! qu\agbo?)BJ MHBOL0ZBV
= mHBOtDmH , MHEOLO3V— ﬁ%ﬁ]ﬁas
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I (F MOI Q4 A)
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T 1 g E

| 1 I !

Nt | E |
r—}' I (=8 w —

Sy el 3| U
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Dubna, October 4-9, 2010
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The PEPPo experiment @ JLab ric Voutier =X

Experimental Strategy

< The electron beam will be'!
characterized in energy and!

Mott polarimeter line —
Spectrometer line
Dipole

injector line / )
| : measurement devices.

< The transmission polarimeter
will  be cross-calibrated in
electron with respect to the

I
I
|
1
I
I
|
1
I
BPM :
1
I
I
. Mott polarimeter.
I
I
|
1
I
I
|
1
I
I
|
1
I
I
|

e-/photon converter

Dipole

Electron dump

photon/e+ target
3.93m Solenoid

2 dipole spectrometer —
Positron counter —/

transverse polarization effects
Conversion target -

~— Transmission component Wl” be eVGIUO"'ed.
< The energy distribution of the
positron polarization and yield
will be measured, from a Compton
' transmission polarimeter.

I
|
1
I
I
|
1
I
I
|
1
I
I
< Systematic misalighement and ,
I
I
|
1
I
I
|
1
I
I
|
1
I
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Summary

GPDs offer the unique opportunity to access the 3D partonic structure of the
nucleon and the contribution of the quark angular momentum
to the nucleon spin.

In this effort, neutron and transversally polarized proton targets are essential.

Polarized electrons and positrons
provide an unambiguous separation of the different contributions
to the y electroproduction cross section.

The PEPPo experiment @ JLab will test the concept of a
polarized positron source based on polarized bremsstralhung
and will investigate the polarization transfert puzzle.

Dubna, October 4-9, 2010 24/24
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Hard Exclusive Scattering

J.C. Collins, L. Frankfurt, M. Strikman, PRD56 (1997) 2982  X. Ji, J. Osborne, PRD 58 (1998) 094018 J.C. Collins, A. Freund, PRD 59 (1999) 074009

k!

% The factorization theorem allows fo express the cross section for deep
exclusive processes as a convolution of a known hard scattering kernel with
an unkown soft matrix element related to the nucleon structure (GPDs).

Factorization
Interaction with elementary partons (Q?>>M?)
Separation of perturbative and non-perturbative scales (-t<<Q?)

Hardness

GPD(Q?,x.E,1)
Probe tagging (&)
Production of one additional particle (A))
______ Final state identification

t EXClusivity
QP =—k-kP t=(p-pfF=4" xz=7

The key requirements for the experimental study of GPDS are
luminosity and resolution.

Dubna, October 4-9, 2010
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Neutron Target

Neutron targets provide hew linear combinations of GPDS

From polarized beam
cross section difference

~

Co(F)=Fult) H +E(R(t) + Fp(t) H -

/ 4M2

Suppressed because F,(t) is small

F(t) £

Suppressed because of cancellation between u and d quarks

; Neutron and proton targets are sensitive |

= ﬂZEé lEq(cf, f,t)— Eq(— £, f,t)] I::> to the u quark flavor and, following isospin -
I I
g symmeTr'y appear then complemen‘rar'y

Neutron targets allow to access the least known and constrained GPD
that appears ih the hucleon spin sum rule.

Dubna, October 4-9, 2010 4/6
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Fo03-106 = n-DVCS

P.Y. Bertin, C.E. Hyde, F. Sabatié, E. Voutier et al.

. . M. Mazouz et al., PRL 99 (2007) 242501
Impulse approximation

5~ 5
1 d O-Dz_Hz d O-Dz_Hz 1_‘3n(XB’Q2’t). H 1_‘3d (XB’QZ’t) H
+ >l — -— = sin(e) + sin(e)
2| dQ%dxg dtdg, dp dQ?dxg dtdg, de | Pin(9) P (9) P (9) Pog ()
Twist-2
3 Q?=19 6eV? x,=0.36 e+n—>e+n+y
o o
“~ F  —=— M. Mazouzetal, PRL 99 (2007) 242501
o 2F J,=-0.4
€ LE =06 P -
= 1= t J" 0:'3 . % The twist-2 effective harmonic coefficients |
0;_ ..... ‘..'....'..!..'!.A.'.?..'....'..!..'.A.!.f.F....'..!..'A...'.F..'....’..!.F....'*!‘E..A'..!..'..“'......'...!..!..'...!..! ..... J:;0:2 ....... | of The neutron are sma"l Compa‘hble w|‘|'h zero. |
AE- 1 9= . !
1 j“;gjg ! % The measured t-dependence can be used to -
-2F- -~ S-Ahmadetal, PR D75 (2007) 094003 1 ¢ | constrain the parametrization of the GPD E,
.3F-  — M.Vanderhaeghen etal., PR D60 (1999) 094017 I within a particular model. !
S |
-4:— e il g e e e B w0 e by e e o b opop g b o a by e a9 g
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Experimental status ric Voutier =X

Polarized Neutron Target

A. Belitsky, D. Miiller, A. Kirchner, NP B629 (2002) 323
! The twist-2 target spin asymmetries are derived below in the case

' of a polarized neutron, assuming that the Dirac form factor and the !
I non spin-flip polar'lscn‘lon dependent GPD are O. !

Longitudinal Jarget Spin Asymmetry

+ O'_>—O'<_ OCé:Fz( )\Sm{j{++i§f_4_l\/l—2 E}S"‘( )

Jtansverse Jarget Spin Asymmetry

4ot -o o [Cg)'vcs +¢g [sin(e — g5 )+ ¢ sin(p — ¢ )cos(¢)+ 51 cos(e — g )sin(p)

g
LN
N
"a,
-------
-------
............................
..........................
-------

ch o (-yy sml—< _1=c L 7 N S
by © 1-y {1+§[f £ 3 5{} MZFZ(t)‘ ol : DVCS (1+§)\5;1{5‘[f fﬁ"[*}
oot M2 F, () 3m é[ 1_%5{} ......................................................................

222 : L The most sensitive coefficient o £ appears to originate
o “EFZ@S'"{H +mf+4_z(gf'f)} from the pure DVCS amplitude while the kinematical
factors enhance # in the other coefficients.
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What did we learn ?

R. De Masi et al., PRC 77 (2008) 042201 E. Fuchey et al., arXiv:1003.2938 [nucl-ex]
J.-M. Laget, arXiv:1004.1949 [hep-ex]

07 SERS UL IR Pl gl B8 T B R UNLREL ELE
0.62— _zi_ _i 0.2 prrrrr '|"'|"'|'(_')'|"' ]
05F i 3 015 F e+p—oe+p+m x
04F = E o1 |
03F * ] 5 :
02fF .. e = _ S E
01F -~ E < OoF 3
< 0F§ === ¢ : 005 F|Q%=2.30GeV’
%411§‘x"~f F % = - W = 2.27 GeV
Qo2F 5 =+ ?GTT 4 M E  x-035 ]
E b f * = - 4 J
ii-o.z;H—ﬂ{::::}{:::{::::;;::::}::}:}:::f}::f:; 015 §=90° g
= 0.6 F 2 _ > F 2 _ 2 o2 B Lo L L b L
% 05F W = 2,051 Gev = W =214 Gev 3 0 02 04 06 08 1 12 14
S04k e F cs0s0 t (GeV)
03F On =5 =
02 ; _E; GTL _g B SN O EEm F ES F O ES— F S B . STt LT T ErE s EaE e E = I
01 Loms o i ! Pion Production :
OFw ™ 3 3 I : : I
01F # ¢ T 5 3 . *» Non-zero asymmetries have been reported in = ,
i ST T I SRTONTNI I production, suggesting that both longitudinal and .
"o 05 1 15 @ o5 1 15 2 | tranverse amplitudes contribute to the process. :

-t (GeV?)

e+p—o>e+p+m

|
| I
. % A Regge approach considering vector meson exchanges :

I'is reasonably succesfull in reproducing n° cross sections.

0
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Experimental status

Fric Voutier

What did we learn ?

S.A. Morrow et

al., EPJA 39 (2009) 5

A. Airapetian et al.,

PLB 679 (2009) 100

S.V. Goloskokov, P. Kroll, EPJC 50 (2007) 829; 59 (2009) 809.

Vi +p—>p +p @ CLAS (5.74 GeV)

1.60 < Q° (GeV*) < 1.90 |

o (Y p— pp’) (1 b)

1.90 < Q° (GeV*) < 2.20 |

2.20 < @* (GeV) < 250 |

VGG / GPDs

2.80 < Q* (GeV) < 3.10

o (Yp— pp°) (1 b)

1
310 < Q* (GeV’) < 3.60 |

L
3.60 < Q* (GeV°) < 4.10 |

1F JML / Regge

GK/ GPDs 3

VGG++ / GPDs

10"

o (Y p— pp’) (1 b)

W (GeV)i0

W (GeV)10

Xg :Q2/<\N2+Q2—M2)
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e CLAS (5.754 GeV)
CLAS (4.2 GeV)

o CORNELL

¢ HERMES

o E665

TRho Production 5

< Standard GPD calculations fail to !
reproduce data in the valence region, !
while successfull at large W. I

< Data can be interpreted in terms of !
hadronic degrees of freedom, following !
a Regge approach. I

< A violation of the s-channel helici’ry!
conservation has been reported in p°!
production on fransversally polarized |
pro‘rons at small x. :



Polarized positron production

Fric Voutier

Gun #2 “North”
Polarized Gun

Gun #3 “South”
Polarized Gun

2Hxx

HALL 2Cxx

0.

3Cxx

3Hxx

nen
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Polarized positron production ric Vourier L=

S. Golge et al., Proc. of the International Workshop on Positrons at Jefferson Lab, Newport News (VA, USA), March 25-27, 2009

> A possible concept involves the construction of a dedicated e* tunnel at the end of the injector
and parallel to the north linac.
> Positrons would be produced with 120 MeV e- (JLab 12 GeV) incident on a tungsten target.
> e*'s are selected with a quadrupole triplet and transported to the accelerator section.

e+ Conversion Target W (Tungsten)

Quad Triplet Electron Dump

/ 20m positron tunnel
er —

- . Total bend of 11 degrees
L]

e+
e LRI
o P

/ Chicane

G4beamline simulations indicate a global efficiency of
10-5 e*/e” for 120 MeV e of f a 3 mm W target.

North Linac

10 mA e — 100 nA e*
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Polarized positron production Eric Voutier !:! nS(:. 2.

A. Freyberger, Proc. of the International Workshop on Positrons at Jefferson Lab, Newport News (VA, USA), March 25-27, 2009

. % Accelerator magnets

. Most magnet power supplies are reversible except
. the arc dipoles which requires a manual action.

I The e to e* switching time will limit the precision on
I a charge asymmetry measurement.

\ % Beam diagnostics
Beam position monitors and viewers will work as long
; as the e* current is 2 50 nA.

* The tune mode based on a pulsed beam about tens
- of pwA and 250 ps long and used for beam steering
- will need to be redefined because of the small e*
. current.

! % RF system

! Each pass in the linac are adjusted in phase with

I each other via the adjustement of their pathlength
with the arc dogleg sections. The diagnostic that

| measures the phase difference between passes

|
I
|
|
|
I
|
|
|
I
. % Beam modes
|
|
I
|
|
|
I
|
|
| require fune mode beam of sufficient current (uA).
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Fric Voutier

Compton Transmission Polarimetry

> Polarized e* convert into circularly polarized photons into a fungsten target.
» The photon polarization is analyzed via Compton scattering of f a magnetized iron target.

x10° | Ar=NNT nn(=p Pyl
14005 Positive target polar. i T N EN- " Py
- —— Negative target polar. | 4250
: 200: Asymmetry i Uy = Pe J'dﬁdgo dég Ac(6)
Z 1000} | 0
g ook | j
— ’ !
% 800: T=7.5MeV |
< 600 o P =85% | P, _Ar
® 400:_ _‘ t, =1 mm E P.A.
E - | =1 pA |
E’ 2001 At=100s |
= \
S 0 E < The analyzing power A, is obtained
_200:_ } from electron beam calibration data
=4 AP, =+0.03 ; and simulations.
-400- |
0I 1 1 I%I { | ||2I 1 1 I3|I 1 1 IAI 1 1 Iél 11 lél 1 1 I%I Il Ié ‘:‘ A da.ra acqu"si.r"on SysTem WiTh high

rate capabilities (~1 MHz) is forseen
k (MeV) (250 MHz flash ADC).
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