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Some well known facts about the proton

 Charge: Q, = +1
— It has a neutral partner, the neutron, Q, =0

« Spin: s =%h
— Magnetic moment y, = 2.79y
— Anomalous magnetic moment m_ = 1.79m,

* Mass: M, ~ 940 MeV/c?

— Protons + neutrons make up 99.9% of the
mass of the visible universe

1950’s: Does the proton have finite size?
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Scattering Experiments in Nuclear Physics

p, A « Uses of scattering experiments

% — Structure target

— Produced system (meson, resonances)

P, ... hadron
e, UV, .. lepton
Y photon

« Advantages of electron scattering
— Structureless probe. “clean”

— Controlled energy/momentum transfer,
“microscope” with resolution Q?

— Interaction through well-known
EM current operator
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Electron Scattering a clean probe of the Proton Structure

elastic inclusive exclusive
e’ Tci pa y

Interaction described by:

Q* = -(e-e’)? 1/NQZ? is the space-time resolution of the virtual y
v =E,—-E,

Xg = Q?/2Mv

t =(p-p’)?

The exploration of the internal structure of the proton
began in the 1950’s with Hofstadter’s experiments.
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Does the Proton have finite size?
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- Elastic electron-proton scattering

= the proton is not a point-like
particle, it has finite size.

R. Hofstadter
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Constituent Quark Model

Revolutionized our way of thinking about proton structure

The proton is build from three quarks of
spin s = 1/2 moving in the s-state (L = 0)
and having masses m, ~ 300 MeV.

M. Gell-Mann, 1964
G. Zweig, 1964

* Proton mass: m, = 3mq

* Proton spin: §=101D1L

Solely built from the quark spins!

Tremendously successful model in description of

« Hadron mass spectra “ 279 e
- Magnetic moments c-g 2m,c 2(m /3)c
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What is the internal structure of the proton?

Deep inelastic electron-proton _ Noberprize 1000
scattering  gp e By A
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Scaling — Quarks are point-like objects!

Quarks carry ~ 50% of the proton momentum =>glue=>QCD x
The quark spins contributes only 25% to the proton spin.
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Deep Inclusive Scattering (DIS)

Observed

___—" Not Observed

nucleon

structure
p functions

T

N

What have we learned?

quarks-substructure of the nucleon

50% of the nucleon momentum is carried by quarks, the remainder by
gluons

quarks are spin 2 objects
less than 25% of the nucleon spin is carried by quark helicity
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Some Open Questions in Nucleon Physics in the

Valence Quark Region

- Internal nucleon dynamics

- Transverse momentum distributions
- Quark-quark correlations

- Full (complex) quark wave functions
- Origin of the nucleon spin

: 2

GPDs and Exclusive processes
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How are the proton’s charge/current densities related to its quark
momentum/spin distribution?

D. Mueller, X. Ji, A. Radyushkin, ...1994 -1997
M. Burkardt, A. Belitsky... Interpretation in impact parameter space

£x)
pib)
<) o
0 b, X
1
Proton form factors, Structure functions,
transverse charge & Correlated quark momentum quark longitudinal
current densities and helicity distributions in momentum & spin
transverse space - GPDs distributions

I  Thomas Jefferson National Accelerator Facility l Ofﬁ.ce Of-
4 Science



GPDs & PDFs

3-D Scotty 2-D Scotty
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From Holography to Tomography

A. Belitsky, B. Mueller, NPA711 (2002) 118

laser splitter lens mirror

N AN

\ /

mirror reference beam holograpl

plate reference source

lepton beam

-

beam diffracted off a parton

By varying the energy and momentum transfer to the
proton we probe its interior and generate images of the
proton’s quark content.
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Deeply Exclusive Scattering (DES)

Inclusive Scattering | b Compton Scattering

2

—» Im

0=0

| Probes the nucleon quark structure and correlations

at the amplitude level
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DVCS and Generalized Parton Distributions (GPDs)

GPDs: H, E unpolarized,NH,NE polarized * Y

Plx+¢) P(x~¢)
E, 1, Q)dx —GE—

J'H(X
e.g. HE QY= e
IH(X @th)d

+inHIE, &, t, Q%)
N .
e R Rt
3 -~ ~~/
O _[ate, t, Qb t, Qe iz, L, QT 1, QP
dQ2dx,d

Ha: Probability amplitude for N to emit a parton
q with x+& and N’ to absorb it with x- &.



Basic Process — Handbag Mechanism

)
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Deeply Virtual Compton Scattering (DVCS)

hard vertices
L;?:’i/ .

- longitudinal quark
momentum fraction

momentum transfer

X+E X-§
——f == ———— == 2& - longitudinal
N GPDs
H,H.E, E
- t parameter

\/~t - Fourier conjugate
to transverse impact

GPDs depend on 3 variables, e.g. H(x, & t). They probe
the quark structure at the amplitude level.

§ =

2xB
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Link to DIS and Elastic Form Factors

DIS at &=¢=0
H(x,0,0)=g(x)
H(x,0,0)=Ag(x)

Form factors
jdeEﬁ(x,é,t)] =F, (1) Dirac £,

jdeIZEq(x,a,t)] =F, ({) Pauli £,

[ax A/ (x,60=Guy( 1), [dx B (x,6,0)=Gpy( 1)

Forward limit [\\37 , Sum rules

| HLELHL B




Universality of GPDs

Elastic form factors

Real Compton
scattering at high t

S ~

% Deeply Virtual Meson
production

Single Spin
Asymmetries
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Universality of GPDs

Quark tomography Quark-quark
correlations
Quark angular Proton’s gravitational
momentum form factors
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So, GPDs give access to complex
Proton Structure, but ...

How can be determine them??



Deeply Virtual Compton Scattering

ep — epy Kinematics

vy*p plane
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Access GPDs through Interference

DVCS ' i Cross section of ep—epy at Q%=2 GeV/c? and X5=0.35

[ |
I |

F E, =4 GeV

FE, =11 GeV| |

d*c ~ |TDVCS + TBH|2

—
=
'

(do/dX /dQ7/dt/dd nbGeVic™

dQ?dx,dtdd

TBH - given by elastic form factors F, F,
TPVCS: determined by GPDs

10k

I ~ 2(TBH)Im(TOVCS)

BH-DVCS interference generates beam
and target polarization asymmetries that
carry the proton structure information. 10 b

0 20
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Model representation of GPD /(x, é())

DIS measures at £=0
\ Quark distribution q(x)

/ ()

H(x,¢,0)

IH". =0
A \
5\ : 0.4
2.5% :
0 \ 0 - 6
5 5\ a a0 0 0O é
[ N 0.8
0.5 —
0 ——
X -0.5
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Measuring GPDs through polarization

ocr—0o" AG

Ao to =20

Polarized beam, unpolarized target:

Aoy ~ SINO{F,H + E(F,+F,)H +KF,E}dé H(S 1)
i i
Kinematically suppressed € = Xg/(2-Xp)
k = t/4M?

Unpolarized beam, longitudinal target:

Aoy, ~ SINGLFLH+EFLHF)(H +E/(L+E)E) - Y4 H(ED, H(ED

| | |
Kinematically suppressed

Unpolarized beam, transverse target:

Aoyy ~ sing{k(F,H ~ F1E) + ... }d§ H(&1), E(SY)

1
Kinematically suppressed
I Thomas Jefferson National Accelerator Facility l
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Typical cross sections and rates in eN/eA

Process Cross section | Rate*** (s71)
ep — €’ X  inclusive DIS ~ few 10 nb 10°
ep — e'vp  exclusive DVCS ~ 1 nb 104
eA—e€X nuclearDISatz > 1 ~ 1 pb 10
eA — e’A  nuclear elastic FF at high ¢ ~ 1 pb 10
* Luminosity L = 10%“cm=2s~! [1nb =107 cm?]

0
x*x Does not include detector acceptance, kinematic cuts etc.
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Characteristics of eN facilities

10"—
10 e | = Lum|n0_3|.ty L: Number of possible
Tl o 1 eN collisions per time [cm=S"]
%10,§ dNevent = LGdt
2 | = Bonn ELIC N . .
A | » Polarization (beam, target)
E10'} E
ﬁ H |
= | LHeC 3
102; eRHIC
- COMPASS 1
3 \ERMES | ESMC HERA E
T R T N T R

CM Energy (GeV)

JLab: High —luminosity frontier
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Aerial View.of CEBAF- - oo

s .
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6 GeV CEBAF
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CEBAF Actual Parameters

* Primary Beam: Electrons
« Beam Energy: 6 GeV

nucleon — quark transition

baryon and meson excited states
* 100% Duty Factor (CW) Beam
.coincidence experiments = excite system with a known (q,)
and observe its evolution N

» Three Simultaneous Beams with Independently Variable Energy and Intensity

complementary, long experiments
« Polarization (85% beam (!) and reaction products)

*spin degrees of freedom
weak neutral currents (extremely small helicity-correlated
changes)

] >10% X SLAC at the time of the original DIS experiments
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Hall A% Two High Resolution (10+).Spectrometers & =
Maximum IumﬂLno§ity 1038 cm2s" o= T
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Hall C& A High Momentum and a Broad Range,,Spectrgmei‘er -----
Set-up Space for Unlque Experlments -




Hall Bf The CEBAF Large Acceptance Spectrqmeter (QLAS)
Maximum luminosity: 1034 cm-2s- -




CEBAF Large Acceptance Spectrometer (CLAS)

6 superconducting coils

Large angle calorimeters
Lead/scintillator, 512 PMTs

Liquid D, (H,)target, NH3, ND3
vy start counter; e minitorus

Gas Cherenkov counters
e/m separation, 216 PMTs

Drift chambers
argon/CO, gas, 35,000 cells

Electromagnetic calorimeters
Lead/scintillator, 1296 PMTs

Time-of-flight counters
plastic scintillators, 684 PMTs

Operating luminosity 1034cm-2s!
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Analysis of CLAS 4.2 and 4.8 GeV data

CEBAF

Large
Acceptance
Spectrometer

Polarized electrons, E =4.25 GeV and 4.8 GeV

An ep—epX event in CLAS

DC: Drift Chamber

CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter

Separation of single y from
mo—yy using missing mass.
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Background

Only 2-parameter fit: N, and N o

E=420GeV, | = 2250 A, ep—>epX

L/ D 120023
£ i Entries 12473
w B ¥/ndi147.7 / 71
500 T P1 4201, 108.9 INy
P2 2010. + 101.2
400
ep—epX
300
200 |-
100
0 u L L I L L L L L} 1} I 1} 1} 1} 1} I 1} L 1} L
-0.1 -0.05 0 0.06 0.1 0.15 0.2

MM*(epX), GeV*
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Exclusive DVCS with CLAS

Beam Spin Asymmetry

-0.1F

02k

-0.3 A(d) = asing + Bsin2¢

gt T 5 T s 1 ¢ | g ¥ g5 o 5 |
0 50 100 150 200 250 300 350

0, deg

- Beam energy — 4.25 GeV

- ep—epy identified by
analyzing the missing mass
distribution ep—epX

W > 2 GeV
-1(GeV/c)? < Q2< 1.75(GeV/c)?
0.1 (GeV/c)2 < -t < 0.3 (GeV/c)?

The measured asymmetry:

o =0.202 £ 0.028%tt £ 0.013Ys
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Exclusivity forep —epy

Missing Mass? = (p +vy* —vy )?

e’ (Detected) e 3 -
S 4000 © £ i
(Detected) 2 - + L
-l o O - W

(known) T ) o i f o %

[

/ \ 5 0 5 10 15 20 25 30 35 40 45
GPD 121000 - r
P X (Not Detected) 5 ggq E B
O s S

600 F
(known) O : i, +,

400 :_ -+ 2 +++++...-|-++ i
200 - ‘
0°¢

Missing Mass resolution : 0.8 GeV %
Exclusive region: Missing Mass < 1.7 GeV
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DVCS asymmetry measurement

_>
4—
cp—>¢C€
p pPXL, 87 (2001), 182001
=] [
= 0.6 -
< [ xp=0.11
0.4 + «Q%=2.6 GeV?
-=0.27 GeV?
0.2
0 [=
A
0.4 - -
A = -0.2310.04(stat)£0.03(syst)
06 - .
3 2 4 0o 1 2 3
_________ sin @ dependence ¢ (rad)

-Kivel, Polyakov & Vanderhaeghen (2001)

—— Signal of DVCS process

_@» Can be described bX GPD calculation
B Thomas Jefferson National Accelerator Facility
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Pioneering experiments observe interference !

€p—>epy

JLab
: -
< | CLAS
04  E:-436ev
[ N Q2= 156eV?
0.2 |
of
-0.2
0.4 |

0 100 200 300
¢(deg)

2001

Ay = asin + Bsin2¢

P

Leading term non-leading

HERA

| HERMES

| E =27 GeV
L Q2 = 2.56eV?

1| € p—>e’py

L l L1 |

L ‘ Ll

0 100 200 300

¢(deg)

Non-leading contributions are small!

ational Accelerator Facility l

—
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Measuring GPDs through polarization

ocr—0o" AG

Ao to =20

Polarized beam, unpolarized target:

Aoy ~ SINO{F,H + E(F,+F,)H +KF,E}dé H(S 1)
i i
Kinematically suppressed € = Xg/(2-Xp)
k = t/4M?

Unpolarized beam, longitudinal target:

Aoy, ~ SINGLFLH+EFLHF)(H +E/(L+E)E) - Y4 H(ED, H(ED

| | |
Kinematically suppressed

Unpolarized beam, transverse target:

Aoyy ~ sing{k(F,H ~ F1E) + ... }d§ H(&1), E(SY)

1
Kinematically suppressed
I Thomas Jefferson National Accelerator Facility l
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Spin polarized proton target

The separation of GPDs requires measurements on polarized hydrogen targets.
Measurements on such a target are more difficult than on unpolarized hydrogen.
A typical polarized target NH; contains only 3 protons with spins aligned out of 17

nucleons.

Dynamically polarized NH3 target

Magnetic field ~ 5 Tesla
Temperature ~ 1 K

==

—

O

beam _1’ NS
/

target cell

@§ﬁ . liquid He |

T~

final state
particle fo CLAS

550mm

— RADIATION SHIELD
{

Hrmwiml

CL TARGET

a1
N

Helmhol’r.z co

NationalF=ccererar

«—

Im

J
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Hall B Longitudinallx Polarized Target

= Dynamically polarized NH,
= 5 Tesla magnetic field

= 3B/B = 104
= 1K LHe cooling bath

= NH; polarization:75%

=12C, N, and “He targets
to measure the dilution factor
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DVCS eg1: Separating DVCS Photons from Polarized Protons in NH,

before the angular cut after the angular cut

2000
©1800

n

01600
L
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1200
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\
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-%.6 -0.4 -0.2 0 0.2 0.4 0.6 -0.3 -0.2 -0.1 5 0 0.1 20.22 0.3
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Calculgted from ep
Events from both 7 and unpolarized € T

target nucleons are suppressed

e
Geometry cut: 6,,< 10 © /
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First DVCS measurement with spin-aligned target

Unpolarized beam, longitudinally spin-aligned target:

Aoy, ~ SINGIM{F H+E(F,+F)H +... }do

Ay, is dominated by Hand

0.4

0.2

IA‘UL
o

-0.2

0.4

.Ulﬁllllll

S. Chen, et al., Phys. Rev. Lett 97, 072002 (2006)

— fit

model B
model (H=0)

o

1 1 | 1 1
100 150
¢

IIIIIII|IIII|IIIIII
200 250 300 350

Degree

o= 0.252 + 0.042
B =-0.022 + 0.045

0.4l
=, [
2

oAl

n.af

0.1

_u_z_l 1
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Planned experiment in 2008 will
improve accuracy dramatically.
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The CLAS detector

CEBAF * Drift chambers (argon/CO, gas, 35000 cells)
L arge . . o

Accgptance * Time-of-flight scintillators

Spectrometer .

* Cherenkov Counters (e/rt separation)

Performances:
* large acceptance for charged particles
8°<0<142°, p,>0.3 GeV/c, p,>0.1GeV/c
* g00d momentum and angular resolution
Ap/p <0.5%- 1.5%, AB, A¢ < 1 mrad

DC: Drift Chamber
CC: Cerenkov Counter
SC: Scintillation Counter
EC: Electromagnetic Calorimeter

| 7 Office of
Science
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ep—e’p’y
in CLAS

All 3 particles
are detected

e electron ID:
» EC, CC, DC and TOF
e proton ID:
»DC and TOF
e photon ID:
»1C or EC

%_ Thomas Jefferson National A
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The e1-dvcs experiment at CLAS

- Experiment: March - May 2005
-E.=5.77 GeV 4%4'wa

- Polarization: 76% - 82% '\-.16cm ’X‘ 3C ‘,'- v o
« Current: 20-25 nA :
- Integrated luminosity: 3.33- 107 nb-!

Standard CLAS acceptance
for photons: g ¢ [17" ;43"]

Superconducting solenoid magnet
(shielding for Moeller electrons)

I  Thomas Jefferson National Accelerator Facility l Ofﬁ.ce Of-
4 Science
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Magnetic Shielding for Mgller Electrons
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Kinematics and Acceptance with CLAS + IC

te0m0 —— : DVCS studies require:
40 2g1-DVCS 3 - high Q2

12000 '_|| HIIIII-— - lOW t

0000

foalii] EIIII_— o

s ok ]

x| [

frulin] B IIIII:— A

E.E‘i‘if'.iif'.jjii-_l;ﬁ

Q

0 o00E DY 048 02 025 0 036 Mﬂ.ﬁ nE

12000

10000

-

enml-

|l
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B2 EEEEE EE

s s 01 02 03 04 05 0 0.2 0406 08 1

il 1 L
7 0B 05 04 03 pE -0 @ l:IIII B0 10D ED X0 20 AW X t

t b X

The much improved acceptance for photon detection, and the longer running time
will allow us to extend the kinematics range to higher Q?, and to map out the x;

and t dependence in small bins
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Selection of the DVCS final state

g et wne epn’—epy(y) background

- - calculated with Monte Carlo
-} - e simulation and experimental

- i epn’—epyy data: 5% on average
9’;: Exclusivity cuts:
= ol « P, <90 MeV/c (150 MeV/c) [ep—epgX]

: « Cone angle a(yX) <1.2° (2.7°) [ep—epX]

. » Coplanarity angle between (yp) et

= N (Y p)<%1.5" (£3°)

sMissiégEne?;r;(GeV) b EX < 300 MeV (500 MeV)

B Thomas Jefferson National Accelerator Facility ' Office of
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BSA: coverage and f distributions

Data integrated over t

Q* (GeV)

QF [GeVT)

* 13 Q2, x; bins 0.1 0.2 0.3 0.4 05
* 5 t bins
« 12 ¢ bins Fit = a sin¢/(1+Bcosd)



BSA: avs.t

® CLAS el-dvcs
Hall A

B CLAS @ 4.3 GeV?2

—— VGG(*) twist-2 (DD)
----- VGG(*) twist-2 and 3
............. Regge model (* *)

(*) Guidal, Polyakov, Radyushkin,
Vanderhaegen, PRD 72 (2005)

(**) Cano and Laget, PL B551 (2003)

GPD model
overestimates
the data

arXiv: 0711.4805 [hep-ex]
Submitted to PRL

m Office of o
Ph.D. Thesis of F.X. Girod

1 (GeV)



Unpolarized Cross Sections

4
d Gep—)ep}/

dQ’dx ,dtd ¢

as a function of ¢
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1 1 - d46ep—>ep7 d4&ep—>ep7 .
Difference of Polarized Cross Sections Gl A g asa function of ¢

0.09<-t<0.2 GeV? 0.2<-t<0.4 GeV? 0.4<-t<0.6 GeV?
3 3 3 =
a4 a4 <] M&mﬂi ﬁ%w
: i ’ =) o B
.t | O =
| BN : i o
| SNNF 2 S s

9NE -mﬁ“" ¢° “RNE

01 015 02 025 03 035 04 045 05 055 Q15 025 03 035 0%345 .5 01 015 02 025 03 035 04 045 05 055

0.6<-t<1 GeV2/ 1.5<-t<2 GeV?

& ' s

%4.5 h A %4.5 o hk
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Separating GPDs Through Polarization

ep — €epy

ot—o"
ot+0

A =

_ Ao
- 2o

Polarized beam, unpolarized target:

Aoy ~ SINO{F,H + E(F,+F)H +kF,E}do

f

f

Kinematically suppressed

Unpolarized beam, longitudinal target:

Aoy, ~ SiNG{FH+E(F,+F,)(H + ... }do

Unpolarized beam, transverse target:

..... 1do

& = Xg/(2-Xp)
k = -t/4M?2
H, H E
H, H
H, E

Global analysis of polarized and unpolarized data needed for GPD separation

I Thomas Jefferson National Accelerator Facility l
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Status of GPDs Studies at Jefferson Lab

GPD Reaction Obs. Expt Status
H(%S,6,1) ep—epy (DVCS) BSA  CLAS 4.2GeV Published PRL
CLAS  4.8-5.75 GeV Preliminary epr’:pX
(+ o) HallA  5.75 GeV Fall 04 Dedicated
. CLAS _ 575GeV Spring05 } B
H(£&,E,0) ep—epy (DVCS)  TSA  CLAS 5.65GeV Preliminary
E@&EEN em)—eny (DVCS) BSA  HallA 575 GeV Fall 04 Do
(u+d) ed—edy (DVCS)  BSA CLAS  5.4GeV under analysis
ep—epeer (DDVCS) BSA CLAS  5.75 GeV under analysis

No other proposals at Jefferson Lab are available for

the study of the DVCS process with a polarized target.

| 7 Office of
Science
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DVCS with Polarized Target, Experimental Situation

0.4
0.3
0.2
0.1

AUL

_ Experimental Studies with CLAS
Preliminary CLAS data Data were collected as a by-product
during the Eg1 2000 run: 5.75 GeV
with NH; longitudinally polarized target,

<Q2> ~ 1.8 GeV?

-0.1
-0.2
-0.3
-0.4

HERMES Experiment
Preliminary target spin asymmetries

A AR B PPN I R B have been shown by HERMES Collaboration
50 100 150 200 250 300 350 DIS2005 Workshop, Madison (2005)

¢

= |IIII|IIII|IIII|IIII
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DV 1: ratina DV Ph ns from Polarized Protons in NH

before the angular cut after the angular cut

Events
(0]
o
\ T T | T T

N
o
AL L

: 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 O ‘I
¥ 04 oz 0 02 04 06 03
MM,  GeV’ic

Events from both 7 and unpolarized

target nucleons are suppressed

ThGeo.rj'nf?try CHtt egﬁi 1OI ep—ep'y”, hit measured in EC of
_ i 1AaAwvi 1 avulilit - - =Y -
omas Jeitrerson Nation ccele y y// :J SC!enCe -
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Hall B Longitudinallx Polarized Target

= Dynamically polarized NH,
= 5 Tesla magnetic field

= 3B/B = 104
= 1K LHe cooling bath

= NH; polarization:75%

=12C, N, and “He targets
to measure the dilution factor

I  Thomas Jefferson National Accelerator Facility l Ofﬂ.ce Of-
4 Science
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Target Spin Asymmetry: ¢ Dependence

6 GeV run with NH; longitudinally polarized target
(CLAS + IC) 60 days of beam time

0.4 F
0.3 F
0.2 |
0.1 F
0 [+
0.1 |

02F ] Tl T
03 F

-0-4:_IllllIIII|IIII|IIII|IIII|IIII|IIII|

" CLAS egl (preliminary)
®* CLAS (egl+IC) projected

-
>
<

0 50 100 150 200 250 300 350
¢

A dedicated CLAS experiment with longitudinally polarized
target will provide a statistically significant measurement of

the kinematical dependences of the DVCS target SSA

U.S. DEPARTMENT OF ENERGY




Target Spin Asymmetry: Q2 Dependence

L 0.8
< 0.7E With H—tilde

06 0000000 Without H—tilde

0.5

0.4
0.3 ¢
0.2 ¢

Y, 0.3t 0.325 Gel”. & = o1

01 [ &

0F

-0.1

-0.2 &

m CLAS Eg1 (PRELIMINARY)

1 1.25151.75 2 2.25 25 275 3

3.25 3.5
Q’ {Gev;’)
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Target Spin Asymmetry: t- Dependence

xg=.3, 00 =23 Gel”, o = 9
—l
D m CLAS Eqi (PRELIMINARY)
< 0 HERMES (PRELIMINARY)
04 - lCLAE{Eg +1C) PROJECTED
 With H—tilde
------- Without H—tilde
0.2 -
0 %3
1 I 1 I 1 I 1
0 0.25 0.5 0.75 1

t (GeV?)

Higher t values will also be measured. The interpretation
within the handbag formalism needs to be clarified.

I  Thomas Jefferson National Accelerator Facility ' Office 0'f-
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Target Spin Asymmetry: t- Dependence

v 3 00 = 23Gel o = 90

m CLAS Eg1
O HERM {PRELIMINARY} .
@ CLAS (Eg1+IC) —Independent

ALIL

___________ f—dependant
I e E—dep. + D—term

0 0.25 0.5 0.75 %
t (GeV?)

B Thomas Jefferson National Accelerator Facility ' Office of
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Target Spin Asymmetry: x- Dependence

-0.325 GelV? 07— 2.3 Gel b — 90°
2 0.6
‘Ij __ {-independent
W CLASEgl f—dependent
___________ f—dep. + D—tarm
04
0.2 -
0

0.5
X

B Thomas Jefferson National Accelerator Facility ' Office of
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Target Spin Asymmetry: Q- Dependence

0.3t = 0.325 GeV’, o = 9f

L 0.8
-:t: 0.7F f—independent

0.6 ;_ ——————————————— £—dependent
0.5¢ R EERTEEEE f—dep.+D—term
0.3F

0.2 .77
0.1E"

0f
01EF m CLASEgl

-02:' = Lo Lo L 1 I N B

1 1.25 1.5 175 2 2.25 2.5 2.75 3 325;5
Q? (GeV?)
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DVCS in Hall A (EO0-110 and E03-106)

* 75% polarized 2.5 pA electron beam e B8
15 cm LH2 target -> L = 1037 cm2s™! o
- Left Hall A HRS with electron package — s ,_
- 11x12 blocks PbF, electromagnetic calorimeter ;
- 5x20 blocks plastic scintillator array

- Digital sampling of PMT signals at 1 GHz

Electromagnetic
calorimeter

Plastic scintillator arfay

- Clear DVCS identification from HRS+calo

R R 62 S0 00 b I a1

Ao d b rAh AN il i

G b gk o e e T
ART AN A= Y 4k,
PSR T e

4500
M cut

T % !
3500%_ ...... .......... J _Eq:u ;.
sooni i £

2500 S b 1..-J‘|_|.'1__ M “ _ll':q,_-l: ................
: TR el s

?x %: [F J"J .......... S
- R
500% ’Bd‘

S . I

B D Bl bt It el Bl e P’ Bt Bt

2. e ¢ B,
H@(GBVZ) —— é %

%— Thomas Jefferson Na\tigﬁfm@{giéfgtﬁmili%ﬂm-




E00-110 kinematics

The calorimeter is centered
on the virtual photon direction.
Acceptance: 0,,< 150 mrad

Kin C;)_Q B (9,? . W
(GeV?) (deg.) | (GeV)
1 1.5 0.36 | 22.3 1.9
2 1.9 | 0.36 | 18.3 2.0
3 2.3 0.36 | 14.8 2.2
o

.800

— 700
—600
— 500

.
—{400

—300

200
100
0
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H(e,e'y) Exclusivity

— [ H(e,e y)X H(e,e y)yY] Mlssmg Mass?

4000 __ _______________________________________________________ M)Z( CUt

- (e ey7)p
3000 [ S | - T T e - A
2000 :— ---------------------------- ------------- --------- 2 ------ | i ---------------------------
wool . ~H(eeyp)sample,

. . Normalized ;to H(e,e'y)
0
- 7 | \ |

0 - O{SWI — 1|.5 — 2 - 2.5
/ \ Mx (GeV?)
/ N

<2% in estimate of H(e,e'yp)

H(e,ey)Nmx... simulation,

below threshold M,2<(M+m)? Normalized to data
I Thomas Jefferson National Accelerator Facility r %’Z::g;e]coef-
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Difference of cross sections

PRLO7, 262002 (2006) | .\ (0°)=23 Gev* Tm(C.) o s, Twist-2

Im(C;h) o« s,! Twist-3

<x3> =0.36 « EO00-110
1 —d's* d's" b/iGeV* -
2 3a%x dtde.  dQ2dx.dtdo ) (nbiGeV') Fit
B b B i RE
I <t>=-0.33 GeV’ - : | <t>=-0.28 GeV’ - : I <t>=-0.23 GeV’ -
0.02L Fond i S T
T 0.01f } ........... ...........
_ E-I-dl u_ I T.]
0.01 .\ ........... . ..........
0.025 .. .. .......... ........... 9]
,u.u3 Iil IIIIIiIIII .u.uallllllllllllllillll ,u.u 11 1 Iilllillll .u.uallllillllllllllllll
[ 80 180 270 360 [ 80 180 270 360 [ 80 180 270 360 [ 80 180 270 360
¢, (deg) o, (deg) \ ¢, (deg) o, (deg)

Extracted twist-3
contribution small !

Corrected for real+firtual RadCor

Corrected for efficiency \\

Corrected for acceptance
Corrected for resolution effects New work by P. Guichon
Checked elastic cross section @ ~1%

B Thomas Jefferson National Accelerator Facility ' Office of
4 Science
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Total cross section

PRLO7, 262002 (2006
(0*)=23 GeV’

de 4 «  E00-110 — BH .
————— (nb/GeV = : Re (C))
dQ’dxgdtdy_ (nbiGeV') <xB> 0.36 Fit ---- Re (C*AC)

Ty - T Re I:C:aff}

I <t>=-0.33 GeV~ - : | <t>=-0.28 GeV’ - : I<t>=-0.23 GeV~ - : | <t>=-0.17 GeV’ -

0.1]s 0.1

0.081-Y 0.081- % 0.08

0.06[ -4 0.06 0.06

0.04] 0.04 0.04

0.02

0.02}

0

. : : .
M A
. -
. -
" ’JJ'J'K;n”;””,-.-.-.uuﬁu
11 | | 11 1 | 11 | 1

[i]} 90 ';BlllI = I2'."lllI = IE-Elll [i] 2 11] 'IIBIIII = IZTIIII = IE-Elll -I].DE‘;' 90 B0 I I2'."lllI I IE-Elll [i] 2 11] 'IIBIIII = IZil'lllI = IE-Elll
¢, (deg) ¢, (deg) \ ¢, (deg) ¢, (deg)
: Again, extracted twist-3
Corrected for real+virtual RC contribution small |

i .u.ullllillli

.u.ullllllll

ool v Lo |

Corrected for efficiency

Corrected for acceptance

Corrected for resolution effects BH*DVCS + DVCS? is large,
comparable to BH?
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Q¢ dependence and test of scaling

5t i 15
Twist-2 | B
Twist-3 4 B 14
3 :%» T @ B 13
2f 2% o } 12
1t - 11
ob *¢ mC®, mCHF") (integrated over 1 _‘—”_/// ............ 1o
- AO00 ImCYF) @°=15,19,2.3 GeV* S e e L
1 [ me ReCF),—Re(C+AC)F) Q%=2.3Gev[ . " 1
B :_ .......... Im C'(F) (VGG) :_ __-
[—— ReC(F) (VGG) . s i
-2 - Re (C' I [ ] -2
————— ~Re (C+A C)F)  (VGG) : :
[ [ & o
-3 (o TG LM PO T PR A P e S0, N 5 TR 008 Y N VAN S A YN (N 1 [ A L L ) IR PR AR I e
14 16 18 2 22 24 -0.3 -0.25 -0.2 -0.15
Q2(GeV?) <t>(GeV?)

No Q? dependence: strong indication for
scaling behavior and handbag dominance Cross-section coefficients

much larger than VGG
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4 Science




Q2-dependence: averaged over t: <t>=-0.23 GeV?

4

3.5

3

2.5

2

1.5

1

0.5

0

Im[C/(F)]: ‘sinp term’

1.4 1.6 1.8 2 2.2 2.4

Cl: VGG

Hq(x,0,t) = x**q(x)
&-dependence:
DD, b=1

E, =0

—— Average of
three Q2
points.

Im[C']: 10% bound on [ Twist-4 + do (DVCS?) ] terms
~ Twist- 3
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Continuous
== Electron =
Beam
I... ~200pA Accelerator
Duty Factor ~ 100% Facility
op/E ~2.5 107
Beam Pol ~80%

Jefferson Laboratory
Newport News, USA

Acceptance )
Spectrometer ice of

jence
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 Add the upgrade

I  Thomas Jefferson National Accelerator Facility l Ofﬂ.ce of-
4 Science



% HERA experiments

[Ccore (28 GeV)> < p (920 GeV) |

I  Thomas Jefferson National Accelerator Facility - . .‘ﬂ.ce of
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Hermes @ DESY

Beteiligle Inslitute 1

University of Alberta
I+ National Laboratory
IMFM Bari
“ali ol
r
n

: 1 ] TRD preshower :
l il alorimeter .ac- or -
1 1
’ ' il
i i av ot
e B = o
n| I ﬂ :: | 1 [ﬂ:: |
T I
. T
Il g ) DI e =
L 10 countries

30 institutions

e resolution: Op/p~2%, §6<1 mrad
e particle ID: lepton ID with £~98%, hadron contamination <1%

RICH: 1, K, p ID within 2<E; <15 GeV

Lumi ~1032cm—2sec!

pure nuclear-polarised atomic gas target
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