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Latest News on DVCS from HERMES

Appetizer: HERA and HERMES

Motivation: Generalized Parton Distributions, orbital angular
momentum and 3-dimensional nucleon structure

Measurements of azimuthal asymmetries in DVCS

Beam helicity and charge asymmetries
on hydrogen and nuclear targets
Transverse target spin asymmetry on hydrogen

A Recoil Detector for HERMES
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HERA @ DESY in Hamburg, Germany

2 Polarized electron/positron beam of 27.6 GeV and 40mA
2 Beam polarization 30...65%, 2 beam helicities

* Proton beam of 920 GeV / 90 mA
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HERA @ DESY in Hamburg, Germany

Polarized electron/positron beam of 27.6 GeV and 40mA
Beam polarization 30...65%, 2 beam helicities

Proton beam of 920 GeV / 90 mA
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HERMES: HERa MEasurement of Spin
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HERMES: HERa MEasurement of Spin

FIELD CLAMPS TRIGGER HODOSCOPE H1
- r \
o DRIFT CHAMBERS 270 mrad
PRESHOWER (H2)
DRIFT L 140 mrad
1- CHAMBERS
q
+ 0 LUMINOSITY
5 s —
e MONITOR
27.6 GeV \ o=
-1 HODOSCOPE HO
~ CALORIMETER
TARGET
CELL STEEL PLATE 140 mrad
RICH
-2 270 mrad
~—— MAGNET
| [ | | | [ | [ [ [ [
0 1 2 3 4 5 6 7 8 9 10 m
H H D

4 C. Biedl (DESY), EIC Meeting ot BNL, Ausust 25, 2009
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HERMES: HERa MEasurement of Spin
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HERMES: HERa MEasurement of Spin
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HERMES: HERa MEasurement of Spin
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Deep Inelastic Scattering in ep collisions

Inclusive kinematics

Virtual photon virtuality:

G e S AT

2 ABE sin?(6/2)

Bjorken scaling variable:

£ Q2 Isb Q2
" 2Pq = 2M(E - E)

IB

Invariant mass squared of X:

i e

2 M2 oM(E - E) = Q7
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Deep Inelastic Scattering in ep collisions

Inclusive kinematics

Virtual photon virtuality:

Q*=—¢" = (k- k')’
% 4EE' sin 2(0/2)

Bjorken scaling variable:

Q2 Isb Q2
2Pgq = 2M(E - E)

IB ‘=

Invariant mass squared of X:
W? .= (P +q)*
2 M2 oM(E - E) = Q7

D.S~z|f;j;|
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Deep Inelastic Scattering in ep collisions

Inclusive kinematics

Virtual photon virtuality:

e e
2 ABE sin?(6/2)

Bjorken scaling variable:

£ Q2 Isb Q2
" 2Pq = 2M(E - E)

IB

Invariant mass squared of X:

W* = (P +¢)*

2 M2 oM(E - E) = Q7

Semi-inclusive kinematics
involve kinematics of produced hadrons

Exclusive kinematics
complete spectrum of X known
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The Composition of the Nucleons Spin

1
ih = Jquarks - nguons
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The Composition of the Nucleons Spin

1 (¢)
ih = Jquarks - nguons
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The Composition of the Nucleons Spin

1 (¢)
ih = Jquarks - nguons

1/2AZ =t Lq

3 Spin of quarks: A2~V3 from DIS and SIDIS
Hermes Phys. Rev. D75 (2007) 012007: A2 = 0.330 + 0.011(theo) + 0.025(exp) + 0.028(evol)
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The Composition of the Nucleons Spin

1 (¢)
ih = Jquarks T nguons

1/2AZ =t Lq

3 Spin of quarks: A2~V3 from DIS and SIDIS
Hermes Phys. Rev. D75 (2007) 012007: A2 = 0.330 + 0.011(theo) + 0.025(exp) + 0.028(evol)

%k Orbital angular momentum of quarks: Lq?
e
Jq = 5 lim = diecoe [ HAz o 0 -1 Bala ot

Ji relation

Ji, PRL 78 (1997) 610
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The Composition of the Nucleons Spin

1 (¢)
ih = Jquarks - nguons

1/2AZ =t Lq

3 Spin of quarks: A2~V3 from DIS and SIDIS
Hermes Phys. Rev. D75 (2007) 012007: A2 = 0.330 + 0.011(theo) + 0.025(exp) + 0.028(evol)

%k Orbital angular momentum of quarks: Lq?

1
Jo=2lim [ do o(@ @ ER) +EV & D)

2 t—0 S
Ji relation

Ji, PRL78 (1997) 610
Generalized Parton Distributions (GPDs)
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Generalized Parton Distributions

Access through hard exclusive reactions
t: squared momentum transfer to target
x: average longitudinal momentum

fraction of quark before/after

¢: 12 difference

GPDs Fd(x,&,t) parameterize the non-perturbative

nucleon structure
» contain info on parton-parton correlations

4 GPDs that conserve quark chirality (spin-1/2 target, leading-twist)

nucleon helicity I | quark helicity independent | quark helicity dependent

photon: J°=1- (DVCS)

conserved H H
flipped E 'E
JP=1- mesons JP=0- mesons
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GPDs: A unifying picture of nucleon structure

Parton Distribution

: GPDs Form Factors:
e Fa(x, &, 1) transverse position
longitudinal momentum i P
H%(x,0,0) = q(z) 1

dzH%(z, £,t) = F(t)
moments of GPDs
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GPDs: A unifying picture of nucleon structure

Parton Distribution

, GPDs Form Factors:
Functions: 5
e Fa(x, &, 1) transverse position
longitudinal momentum
Cross section e-Ca
Hilr 0.0 =1q(z) 1

dzH%(z, £,t) = F(t)
moments of GPDs
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GPDs: A unifying picture of nucleon structure

Parton Distribution

: GPDs Form Factors:
e Fa(x, &, 1) transverse position
longitudinal momentum G P
HY 2., 0,0) =q(x 1
- : ) a(w) dpibir & b — I ()
forward limit €=0, t=0 1

moments of GPDs
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GPDs: A unifying picture of nucleon structure

Parton Distribution
Functions:
longitudinal momentum

GPDs Form Factors:
Fa(x, &, 1) transverse position

N "

" EXPONENTIAL MODEL ]

Hilr 0.0 =1q(z) 1

deHY(z,&,t) = FA (¢
forward limit €=0, t=0 2 vH(z, €, ) 1 (¢)

moments of GPDs
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GPDs: A unifying picture of nucleon structure

Parton DIS.’[rIbU’[IOH CPDs
Functions:
longitudinal momentum

Form Factors:
Fa(x, &, 1) transverse position

H1 and ZEUS Combined PDF Fit
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GPDs: A unifying picture of nucleon structure

Parton Distribution CPDs AL S

Functions: e
e Fa(x, &, 1) transverse position
longitudinal momentum

H1 and ZEUS Combined PDF Fit
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GPDs: A unifying picture of nucleon structure

Parton Distribution
Functions:
longitudinal momentum

H1 and ZEUS Combined PDF Fit
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Form Factors:
transverse position
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GPDs: A unifying picture of nucleon structure

Parton Distribution
Functions:
longitudinal momentum

H1 and ZEUS Combined PDF Fit
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GPDs: A unifying picture of nucleon structure

Parton Distribution
Functions:
longitudinal momentum

GPDs Form Factors:
Fa(x, &, 1) transverse position

Global fit to H(x,&=x,1) from DVCS data

H1 and ZEUS Combined PDF 0.5F Sma” X behaVlOl‘ eXtraCted
e
from collider data
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Deeply Virtual Compton Scattering (DVCS)
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Deeply Virtual Compton Scattering (DVCS)

Reminder: inclusive DIS

oua-3| |
m T

optical
e forward
Compton scattering
amplitude
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Deeply Virtual Compton Scattering (DVCS)

DVCS = hard electroproduction of a real photon

Reminder: inclusive DIS

2
GDISNZ ‘ ‘
X jt?x

5 the 2 partons have
different longitudinal

momental
~ Im <q 9 > Skewness €£0
T e Leading order: E=xz/(2-Xp)
optical :
bt forward Skewing
Compton scattering due to Yk Y
amplitude mass difference
of photons q q’

/
DVCS: g=q’
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Deeply Virtual Compton Scattering (DVCS)

DVCS = hard electroproduction of a real photon

Reminder: inclusive DIS

2
GDISNZ ‘ ‘
X jt?x

5 the 2 partons have
different longitudinal

momental!
~ Im <qﬁfq > Skewness €£0
T e Leading order: E=xz/(2-Xp)
optical
Ers Gt forward Skewing
Compton scattering due to Y Y
amplitude mass difference
of photons q q’
Forward limit: 7

&=0, t=0 DVCS: g=q’
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The Y*N—YN Cross Section

2
GY v N i %{ Bjorken Iimit:
large QQ? (small distances)

large energy of y* (small times)
small t, fixed xz

DVCS Bethe—-Heitler (BH)

DVCS-BH
=|Tovcs|? + | TBH|? + TovesTer* + Tpoves*TBH

interference term “J

Contribution at colliders.

Fixed target: :
exactly calculable in QED

given the nucleon elastic form
factors F1 and F»

| Toves|?« | Tah|?
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Azimuthal Dependences in Y*N—yN

- Unpolarized target B F .
- Lepton beam with charge Cg hc”
and polarization Pg

1 Tgu | = KBH Zc cos(no)
Fourier (#)Fa(@) =
expansion in
azimuthal | Toves|° = Kopves [Z cn ' cos(nd) + Pg ZSDH sm(nw)]
angle ¢ 5 o ¥ =
I = ke [Z CI cos(ng) + Peg Z S;,r sin(no)]
())P") () —0 =51
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Azimuthal Dependences in Y*N—yN

- Unpolarized target B F .
- Lepton beam with charge Cg hc”
and polarization Pg

1 Tgu | = KBH Z ¢, cos(ng)
Fourier (2)P2(9) 7=
expansion in
azimuthal | Toves|° = Kopves [Z cn ' cos(nd) + Pg Z & sm(nw)]
angle CI) n=>0 /72 1
1 = CBKI [Z COS(”‘:’) + Pg Z S;,r sin(no)]
(I P') () 0 o

Bethe-Heitler propagators P(¢)
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Azimuthal Dependences in Y*N—yN

- Unpolarized target \E\.___L-—-»
- Lepton beam with charge Cg B
and polarization Pg

K
| Teu | = B;:I Z ¢ cos(no)
Fourier Pule)Fa(e) i
expansion in | S s
a1zimuthal | Toves |2 = Kpves [Z éPVES cos(ng) + Pe Z VD sm(no)]
n=>0 n= 1
angle ¢ _
e = o ck cos(np) + Pg ) /st sin(ng)
o > 3
: Wanted:
Bethe-Heitler propagators P(¢) pliei e
sn and ¢y

of BH, DVCS, and 7 terms
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Measured Azimuthal Asymmetries in DVCS

Born cross-section: ALI_T
(T((;); PE? C.B) —_ OI.T[_.T(O) : [1 + F)E_t / E)E;CTS((:)) + CB PE"’AEU((;)) + C‘BVAC'-(O)]

Beam  Target

Beam charge asymmetry
Beam helicity asymmetries BCA:

BSA: projects out real part
projects out imaginary of Tovcs

part of Tpvcs
do— — do . (1(_7+ — do~

Aru(¢) = Al
M Ac(9) dot 4+ do—

do - do

Old approach at HERMES
and CLAS: single charge BSA

no separate access
to s17 and s;PVES

12 C. Biedl (DESY), EIC Meeting, ot BNL, Ausust 25, 2009



Measured Azimuthal Asymmetries in DVCS

Born cross-section: ALI_T
o(¢; Pe, Cg) = ouu(9) - [+ PeALy >(9) + CaPsAiy () + CaAc(d)]

Beam  Target
Beam charge asymmetry

Beam helicity asymmetries BCA:
BSA: rojects out real part
Old approach at HERMES : : : ) P
and CLAS: single charge BSA plolee oLlilia Bide of Tpvcs
part of Tpvcs

5 o do™ — do o dot — do~

ALu(o) = =— — Ac(o) =
do— + do B dot + do—

no Separate aACCessS N
€W approach at HERMES:

i DVCS
to s1” and s; s1”and s;DvCs can be dlsentangled
Charge difference BSA: Charge average BSA:
' g . - b R ——— ) , 5 e e o oty
,—111“('( 8) = ((1(7+— (/(T+_ ) ((/(T_— (/(T__ :) ADVCS () = (do dot—) + (do do )
(do + do ) + (do + do ) [T (dot— + do+—) + (do—— + do——)
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Relation: asymmetries < Fourier coefhicients

Beam helicity asymmetries:

[ 1 AB [T st T ;
Ao(0) = gy g 1 9n(@) + o sin(2o)]
4D\ C x( ) = 1 XBIPI( )P’)(“) D\(Ssm((;’))

D(o) Q% L

Beam charge asymmetry:

Ac(0) = ———- > [Cg + ¢ cos() + ¢ cos(26) + c3 cos(3¢)]
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Relation: asymmetries < Fourier coefhicients

Beam helicity asymmetries:

. 1 XBrT1 .,, T . .
Aiu(d) = P O st sin(¢) + s3 sin(20)]

Ay (9) = D(lc')) XBtPl(Qﬂ)PQ(“) s sin(0)

Beam charge asymmetry:

Ac($) = - = [ + ¢ cos(6) + ¢ cos(20) + G cos(3¢)]

ek .

——— > Additional ¢ dependence

in denominator through
BH propagators

y 2 . cBH cos(nd)  xatPy(d)P2(0) - O
'D((')) — &0 ?1 ,_1- ‘2)2 -+ 8 Q'3 ZO C;l)')\ = COS( n('))
]
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From Azimuthal Asymmetries to GPDs

To obtain Fourier coefficients = asymmetry amplitudes:
» Combine data with different beam charges and helicities and
fit all amplitudes simultaneously

twist-2 GPD
J:
Compton Form Factors (CFFs) F(&,t) = Z/ dz CF (¢, =) CHaENEHT)
oy
q
~ B
Define linear combination of CFFs: anp = 1@+ &(Fy + F)H — Yo F»yE

F1(t), F2(t): Dirac, Pauli nucleonic form factors

Leading twist level (twist-2):

A V —t g5 Q 7 A5 V —t &
€ 0C 7% [Cunp] X _\/jtco 87 X 7% [Cunp]
constant term
BCA BSA
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Holographic Principle / Femtophotography

» Wanted: 3-dim spatial picture

> (FT)! of diffraction pattern,

C(l\) --‘-_'__:'__,—""\-, ' ) A
given amplitude T=Ae'® — %ﬁ\ g |||
> Need both magnitude A & phase ¢ QVCs C\YAVAVYAVAVN A VaVWaVa
> Usually |T|? is measured, phase is lost / | ] ﬁ
(e.g. PDFs) G |

p
Belitsky, Miller, hep-ph/0206306

» Holography technique:

> Known BH process as reference amplitude
that magnifies DVCS effect

> Measure phase of DVCS through its
interference with BH

15 C. Biedl (DESY), EIC Meeting gt BNL, Augast 25, 2009



Missing mass technique for

o
W

1000N/N,,

o
N

0.1

DVCS at HERMES 1996-2005 (w/o Recoil)

Detected particles: =
electron and photon

’
P

CHAMBERS

ep—eXy
Mx*=(p+q-py)*

\ DVC

A4 HODOSCOPE Ho

TARGE

T
CELL STEEL PLATE

n

e e'data
o e data

/_ FIELD CLAMPS _\

| 4 °H

L MC 1-

TRIGGER HODOSCOPE H1

DRIFT CHAMBERS 270 mrad

PRESHOWER (H2)
M

| —

___ LUMINOSITY
MONITOR

BC 1/2

I BC 3/4 TRD
RICH
270 mrad

~—— MAGNET

CALORIMETER
140 mrad

— MC sum
elastic BH
associated BH
semi-inclusive

2 3 4 5 6 7 8 9 10 m

X=p hydrogen target:
25k events
resonant (400 pb)
excitation: X=A"*
unpolarized
o deuterium:
S pr° 15k events
(300 pb')
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1000N/N,,

o
N

0.1

DVCS at HERMES 1996-2005 (w/o Recoil)

Detected particles: =

/_ FIELD CLAMPS _\

TRIGGER HODOSCOPE H1

DRIFT CHAMBERS 270 mrad

/4
electron and photon P 2k
o CDHTI'\:IITBERS ==
° ° o / \‘ I e
Missing mass technique for
___ LUMINOSITY
ep _} eXY 0 \ et MONITOR
2_ 2 DvVC
MX —(p+q'pY) o HODOSCOPE Ho &
CRLL " STEEL PLATE | scss  TRD a0 mrag
n kzmmrad
e e'data
o e data , il ey Ll . . . . .
2 3 4 5 6 7 8 9 10 m
— MC sum
..... elastic BH X=p hydrogen target:
ociated BH
associated | 25k events
--------- semi-inclusive 1
resonant (400 pb)
excitation: X=A*
unpolarized
3 deuterium:
e pn 15k events
(300 pb)
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1000N/N,,
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N

0.1

DVCS at HERMES 1996-2005 (w/o Recoil)

Detected particles: =

/_ FIELD CLAMPS _\

TRIGGER HODOSCOPE H1

DRIFT CHAMBERS 270 mrad

4
electron and photon P Grome
o CDHTI'\:IITBERS ==
° ° o / \‘ I e
Missing mass technique for
'_|LUMINOSITY Y
ep—PEXY 0 \ p——— MONITOR
2_ 2 DvVC
MX —(p+q'pY) 14 HODOSCOPF HO e *
CBLL. STEEL PLATE | B03s D o 1o frad
n kzmmrad
e e'data
o € data , AR st . . . . .
2 3 4 5 6 7 8 9 10 m
— MC sum
..... elastic BH X=p hydrogen target:
iated BH
associated | 25k events
--------- semi-inclusive 1
resonant (400 pb)
excitation: X=A*
unpolarized
3 deuterium:
e pn 15k events
(300 pb)
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o
W

1000N/N,,

o
N

0.1

DVCS at HERMES 1996-2005 (w/o Recoil)

Detected particles: =

/_ FIELD CLAMPS _\

TRIGGER HODOSCOPE H1

DRIFT CHAMBERS 270 mrad

electron and photon e e
1 CDHTI'\:IITBERS —
iR : /N e
Missing mass technique for
'_|LUMINOSITY Y
ep_}eXY 0 \ —— MONITOR
2_ 2 DvC
MX —(p+q-pY) - HODOSCOPE HO £ *
CERLT ! STEEL PLATE | scus  TAD 140 frad
s kzmmrad
e ¢'data
o e data , R WA . . . . .
2 3 4 5 6 7 8 9 10 m
— MC sum
----- elastic BH X=p hydrogen target:
associated BH
25k even
--------- semi-inclusive JISENE 1tS
resonant (400 pb)
excitation: X=A"*
unpolarized
i deuterium:
S pr° 15k events
(300 pb)
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HERMES: BSA from 7 on hydrogen

0.4 [ [HERMES PRELIMINARY[ 3.4 % scale uncertainty [ Bl VGG Regge, D
. e+p—=e"+p+y Accep & smear — sys error VGG Fact., D
GPD model: Vanderhaeghen, Guichon, Guidal “VGG” (*)
Based on Radyushkin’s double distribution ansatz:
“DF(x,€) ® profile(t)”. Twist-3 included
. L1
% 3 . ! o H
< 0.4 | BEgEE ’3‘\’;"&..» S o - :‘»:o"';.,o,'o‘?ziztﬁ:ftftft?f:fg X S [F 1 ]
06F 1 o= = N — |
<= 0r-- ""“*+ B ool - - '+’+— nfainialaialll el "i + """""""""
g TR : # -
£ 3 | + + — Higher twist (twist-3)
® 1 5ol i i i
< +
04f —— |—= E— | = | =
Q  04f .
= 03} : : : :
S 02| L, - .. - . + Fraction of resonant
ek [ Y i i ® o ° . 5
c O R e M excitation
0 02 04 06 01 02 03 2 4 6 8 10
overall ~t[GeV? Xg QGeV?]

(*) Phys.Rev. D60 (1999) and Prog.Nucl.Phys. 47 (2001) 401 17 C. Riedl (DESY), EIC Meeting ot BNL, August 26, 2009



HERMES: BSA from 7 on hydrogen

0.4 HERMES PRELIMINARY | 3.4 % scale uncertainty Il VGG Regge, D D-term to restore
. e+p—=e"+p+y Accep & smear — sys error VGG Fact., D polynomiality
GPD model: Vanderhaeghen, Guichon, Guidal “VGG” (*)
Based on Radyushkin’s double distribution ansatz:
“DF(x,€) ® profile(t)”. Twist-3 included
. L1
% 3 . ! o
< 0 4 oo atee; ‘:‘\‘;""&on X o ‘ - ":’z%%?:::::i:gg?z:zg CX \S [Fl H]
06f O |e= = Y — .
= 0r-- ""“*+ B ool - - '+’+— nfainialaialll el "i + """""""""
g TR : # .
£ 3 | + + — Higher twist (twist-3)
O d _02 | | | |
< +
04 —— |—= E— | = | =
Q  04f .
= 03} : : : :
S 02| L, - .. - . + Fraction of resonant
ek [ Y i i ® o ° . 5
c O R e M excitation
0 02 04 06 01 02 03 2 4 6 8 10
overall ~t[GeV? Xg QGeV?]

(*) Phys.Rev. D60 (1999) and Prog.Nucl.Phys. 47 (2001) 401 17 C. Riedl (DESY), EIC Meeting ot BNL, August 26, 2009



HERMES: BSA from 7 on hydrogen

0.4 [ [HERMES PRELIMINARY [ 3.4 % scale uncertainty [ Bl VGG Regge, D D-term to restore
. e+p—=e"+p+y Accep & smear — sys error VGG Fact., D polynomiality
GPD model: Vanderhaeghen, Guichon, Guidal “VGG” (*)
Based on Radyushkin’s double distribution ansatz:
/1 M 7/ . .
DF(x,§) ® profile(t)”. Twist-3 included Bands by
variation of skewness
"""""""""""" parameters
% 3 . ! o
< 0.4 s ”‘\’;""w» s SRR | 7’3’1‘0’0"?3‘3:53:3of&? X 5 [Fl H]
06f O |e= = Y — .
< 0Or-- - “* e T T " " " - - +— il Sl -'i + """"""""""
T2 OTTVUTHT kil #t e
£3 + « Higher twist (twist-3)
® 1 5ol i i i
< !
04 —— |—= — | | = | =
S ol | ¢ | |
S 02| L, - .. - . + Fraction of resonant
Q | Y | | o® o® L 3 .
c N e A excitation
0 02 04 06 01 02 03 2 4 6 8 10
overall ~t[GeV? Xg QGeV?]

(*) Phys.Rev. D60 (1999) and Prog.Nucl.Phys. 47 (2001) 401 17 C. Riedl (DESY), EIC Meeting at BNTL, August 26, 2009



HERMES: BSA from |Tpvcs|® on hydrogen

* 0.2 -HERMES PRELIMINARY [ 3.4 % scale uncertainty ~ [JJJlJ VGG Regge, D
| e*+p—e +p+y /Accep & smear — sys error| VGG Fact., D * LA e
g2 ol e e ] x |HH™ + HH
2 5
O
< -02 bilinear combination of CFFs
0.2
&3
-8 ° — Higher twist (twist-3)
s o
<< -02f
-0.4 -

GPD model: Vanderhaeghen, Guichon, Guidal (“VGG”)
Phys.Rev. D60 (1999) and Prog.Nucl.Phys. 47 (2001) 401
Based on double distribution ansatz: “DF(x,&) ® profile(t)”.
Twist-3 included

04/

(&)

© °

E 03] .

s 0.2
8 0.1 . o oo ® * oo ® ’
m .0 I.. ........................
0 02 04 06 01 02 03 2 4 6 8 10

overall —t[GeV?] Xg Q%[GeV?
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COS 2¢
C

Res. frac Agos 3¢ A

o
=

o &
-

ocoooo
O R N

o

HERMES: BCA on hydrogen

. HERMES PRELIMINARY
e+p—e+p+y

- Accep & smear — sys error |

SEETIITIY VGG Regge, D =
—— VGG Regge, no D

o

o

. |...| | L | L | L .n‘.l. |. | L | L - |..|. .n .l L | L | L |

0 02 04 06 01 02 03 2 4 6 8 10

overall -t[GeV?] Xg Qi GeV?
19

constant term:

COS @

— Higher twist (twist-3)

— Gluon leading twist
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HERMES: BCA on hydrogen

0.2 | HERMES PRELIMINARY | ........ VGG Regge, D

- Accep & smear — sys error |
COS @
oA

& oif
§ o Of — Higher twist (twist-3)
< 01 ___ f[_ i R
g 01l ! ! T
R ) S—— = Gluon leading twist
°<° 0.1}
o 04 o
g 0.3 . VGG with
é %": . ° vee ® ° AT I D-term
0 & disfavored
0 02 04 06 01 02 03 2 4 6 8 10
overall -t[GeV?] Xg Qi GeV?
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DVCS on Nuclear Targets

How does the nuclear environment modify parton-parton correlations?
How do nucleon properties change in the nuclear medium?

Proton Nucleus

elasti/cm@ coherent :

quasi—elastic
inelastic Ii
inelastic e

(Bethe- Heltler

incoherent

20
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DVCS on Nuclear Targets

How does the nuclear environment modify parton-parton correlations?
How do nucleon properties change in the nuclear medium?

Proton Nucleus

elasti/cm@ coherent :

quasi—elastic
inelastic Ii
inelastic @

(Bethe- Heltler

incoherent

DVCS in coherent region:

new insights into ‘generalized EMC effect’?

e

Nucleus at rest

A g e

Z”fl/\ “IZ:Z \"-Eﬁ \J 3%
L

L
2
C »

» Nuclear GPDs # GPDs of free nucleon
» Enhancement of effect when leaving
forward limit?
> caused by transverse motion of partons in nuclei?
> important role of mesonic degrees of freedom?
> manifest in strong increase of real part
of Tpvcs with atomic mass number A?
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DVCS on Nuclear Targets

How does the nuclear environment modify parton-parton correlations?
How do nucleon properties change in the nuclear medium?

— A DVCS in coherent region:

e.asﬁ/cm@ coherent new insights into ‘generalized EMC effect’?
N/ ? | -

inelastic quasi—elastl/c@ (%
Nucleus at rest
inelastic
Q 0 » Nuclear GPDs # GPDs of free nucleon

» Enhancement of effect when leaving
(Bethe- Heltler forward limit?
> caused by transverse motion of partons in nuclei?
— P > important role of mesonic degrees of freedom?
17 > manifest in strong increase of real part
HERMES 0 oD of Tpvcs with atomic mass number A?

incoherent

measurements
on nuclear
targets
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DVCS on Nuclear Targets

How does the nuclear environment modify parton-parton correlations?
How do nucleon properties change in the nuclear medium?

Proton

Nucleus

DVCS in coherent region:

inelastic

HERMES
measurements
on nuclear
targets

coherent

/V@ new insights into ‘generalized EMC effect’?

G " / s
OIuasi-eIastl/c@ /" ¢ o Z’QA Y* % o PRV
B

A LA
b g
n
— > important role of mesonic degrees of freedom?
75 > manifest in strong increase of real part
/= 3 c
0 oD of Tpvcs with atomic mass number A?
]
()
0

L Y

incoherent

Nucleus at rest
inelastic

» Nuclear GPDs # GPDs of free nucleon
» Enhancement of effect when leaving
forward limit?

> caused by transverse motion of partons in nuclei?

(Bethe- Heltler

+ deuterium,
spin-1, 300 pb-!
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HERMES: BCAs on hydrogen and deuterium

T T————— - ey - T — T
5 0.1 ¥ 3 HERMES PRELIMINARY I n e'—" d— eiY X I e: p— eiy X
g- I Accep & smear — Sys error : : =
Sy | R e : : R SRR e e St
g Ob o ; 3~ L M
< -0.1 m_:: :' ::
2 o L — e + . |
) Lo S e | T
: s o ¥

g T _*1.+*+ R  §
.| b f o

&
[
LAl I 1

"-.."_. : :
©.0.1 1 Fo el '|' + A

overall

0 02 04 06 0

-t (GeV?)

2

Proton

inelastic

incoherent

g

Nucleus

coherent

5

quasi-elastic

<

inelastic

O o
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HERMES: BCAs on hydrogen and deuterium

Proton
B S g e R A A S e e L R e R e B A A S SN e ; elastic
)T 3 HERMES PRELIMINARY ¥ o e d — e y X ¥ me® p— e’ Y X
= T Accep & smear — syserror ¥ ¥
S 2 I ¥ ]
2 OF --am - 3 B
< -001 - ~ R B RRaN 120 YIS0 A5 o O X T
[YaYavaYaYavavavdlin VA A VYA a7 Y0 Y A Y Y YA YA Ve YaYa Ve Ya YaYa Ve YaYa%aY
- K ] '= I * :\ = Ew =X EAX X /: Ai
02F + . T T 1 inelastic
1 ] ] 1 » g 1 /

g

Nucleus

coherent

5

quasi-elastic

02 04 06 0
overall -t (GeV?) X, Q’ (GeV?)

A,c
&
[
IIIIIIII
1
=N
]
I
=1
[
&
NI X
D
&
(FS)
< -+
o] %
=
=)\
(o o]
H N
= F
incoherent

inelastic

low t: coherent e \| @
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HERMES: BCAs on hydrogen and deuterium

Proton

O I L] L] L] L] I L] L] - L] L] L] I L] L] L] - L] L] L] L] I L] L] L] L] I 2
¥ HERMES PRELIMINARY ¥ e + ¥ o + elastic
~ —ls “E<vl — oty A | ——

= 0.1 ¥ Accep & smear — sys error ¥ e d Sl X E S ) X

=) I I * i

h74 ¥ : -

8<o  : ¥ ¥

% & n 1 1 ] 1 ;

I ] + 1 - ] 1 ] inelastic ?

é’ 0 _"_'*1+*+* """" " ‘;1‘++‘ """ “ *ﬂl+* """"" - Nucleus

b o 2 coherent

|

5

quasi-elastic

02 04 06 0
overall -t (GeV?) X, Q’ (GeV?)

A,c
&
[
IIIIIIII
1
=N
]
I
=1
=Y
&
NI X
D
&
(FS)
< -+
ol %
=
=)\
(o o]
H N
= F
incoherent

inelastic

high t: incoherent q o

low t: coherent —
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1000 N/N

DVCS at HERMES: Nuclear mass dependence

DIS

. Xe Mnis Garlo sam
= Select for each target
o5t N two samples (t-cutoffs):
, e > coherent enriched
0.1 (= 65% coherent fraction)
> incoherent enriched
o “% (= 60% incoherent fraction)

% 002 004 008 008 01 012
-t [GeV34
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1000 N/N

DVCS at HERMES: Nuclear mass dependence

DIS

xe Monte Carlo sum
e Select for each target
0.15 T two samples (t-cutoffs):
> coherent enriched

| associated BH

0.1 (= 65% coherent fraction)

> incoherent enriched
(= 60% incoherent fraction)

BSA ratio: nuclear / free proton vs. A

| [Ty . h P h | .
00 002 0.04 0.06 0.08 0.1 0.12 S B Coherent enriched
2 v L (accep. & smearing — sys. error, ® HERMES PRELIMINARY
-t [GeV“] 5 2 - coherent fraction ~ 65%, except *He~ 30%;
g —
F S B
BCA VS. A < | average value: T
_ B Coherent enriched - 1E 0.91=0.19 | I L
5 - (accep. & Sme'aring — Sys. error, = HERMES PRELIMINARY 5 < - I _____________________ l ___________________ I_ _____ .
9 N coherent fraction ~ 65%) €<3 - T l
01— ~
\"/ L L
- B ol— (1) =0.018 GeV?, (x ) =0.065, (@) = 1.70I1~.ev2
-‘?-V — P . — I 1 1 1 1 1 I 1 1 1 1 1 1 1 1 I
¢ o4 {. § _ Incoherent enriched
| I - i (accep. & smearing — sys. error,
~ (-t)=0.018 GeV?, (x.)=0.065, (@® =1.70 GeV? T _'/'\_' 5 o elastic incoherent fraction ~ 60%)
_ e ] _g_\:’: :
L Incoherent enriched 55 average value:
—~ L (accep. & smearing — sys. error, —“<-' B ’
S - ] elastic incoherent fraction ~ 60%) l Ny - 0.93+0.23 u
o= 01T [ e L b SRR EREEREREREREE tRERE [T =
1 L l u w < - .[
A L 1 =23
et = —
< B < — 2 2 2 T
s B o— (t)=0.20 GeV* (x ) =0.11,(Q°) = 2.85 GeV
8o 0 E— S . . C . . L
< 2
- ()=0.20 GeV2, (x ) =0.11,(Q%) = 2.85 GeV? 1 10 A‘I 0
| L L L 1 L L L 1 L L L 1 L L L | L L L | L L L | L L L | L
0 20 40 60 80 100 120 140

e —————————
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DVCS at HERMES: Nuclear mass dependence

7))
EB Xe Monte Carlo sum
= " === coherent BH
O 0.15
8 seswsss incoherent BH
~—
I associated BH
0.1

0.05
L%

Select for each target No nuclear mass dependence
two samples “‘leto‘cfs): of BCA and BSA observed
> coherent enriched within uncertainties

(~ 65% coherent fraction)

> incoherent enriched

. . = no enhancement of Tpvcs
(= 60% incoherent fraction)

BSA ratio: nuclear / free proton vs. A

Lt 1 el A
00 002 0.04 0.06 0.08 0.1 0.12 S B Coherent enriched
2 v L (accep. & smearing — sys. error, ® HERMES PRELIMINARY
-t [GeV“] 5 2 - coherent fraction ~ 65%, except *He~ 30%;
g —
) B
BCA VS. A < L average value: l I
_ B Coherent enriched - 1E 0.91=0.19 | I L
5 - (accep. & Sme'aring — Sys. error, = HERMES PRELIMINARY 5 < - I _____________________ l ___________________ I_ _____ .
-© - coherent fraction ~ 65%) €<3 — T l
01— ~
\"/ L L
- B ol— (1) =0.018 GeV?, (x )= 0.065, (@) = 1.70It~.ev2
ﬁ\’ — —_ = | L L L L L | L L L L Lo |
P ol {. § _ Incoherent enriched
| [ -5 L (accep. & smearing — sys. error,
~ (-t)=0.018 GeV?, (x)= 0.065,(Q% = 1.70 GeV? T _'/'\_' 5 o elastic incoherent fraction ~ 60%)
_ e ] g‘—:’: :
L Incoherent enriched 55 average value:
—~ L (accep. & smearing — sys. error, —“<-' B ’
S - ] elastic incoherent fraction ~ 60%) l Ny - 0.93+0.23 u
o= 01T [ e L b SRR EREEREREREREE tRERE [T *
1 L l u w < - .[
AL 1 3 B
3 B < - 2 2 2 T
s o o ()=0.20 GeV*,(x ) =0.11,(Q%) = 2.85 GeV
8o O E— S . . C . . L
< 2
- ()=0.20 GeV2, (x ) =0.11,(Q%) = 2.85 GeV? 1 10 A‘I 0
| I T S TR [ T T T N S T S N S S | L L L | L L L | L L L | L
0 20 40 60 80 100 120 140

ﬁ
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Exclusivity at HERMES in a Nutshell

GPD access at HERMES:
nucleon helicity quark helicity independent | quark helicity dependent
photon: JF=1- (DVCS)
conserved H: AC, ALU, Aut H: AUL, [AuT]
flipped E: Aut E: [Aut]

JP=1- mesons J’=0" mesons

1 1
Jq: 5%1% dx;zj[Hq(aj,f,t)—l—Eq(iE‘,f,t)]

L
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Exclusivity at HERMES in a Nutshell

GPD access at HERMES:
nucleon helicity quark helicity independent | quark helicity dependent
ohoton: JP=1- (DVCS)
conserved AUT H: AUL, [AUT]
flipped E: Aut E: [Aut]

JP=1- mesons JP=0- mesons

1 1
Jo=glim [ deo[He,6 1)+ EY(x,&,1)

T |
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Exclusivity at HERMES in a Nutshell

GPD access at HERMES:

nucleon helicity quark helicity independent | quark helicity dependent

ohoton: JP=1- (DVCS)

conserved @ AUT FIZ AUL, [AUT]
flipped @ E: [AuTl

JP=1- mesons J’=0" mesons

1
Jo=slim [ doo[HYw,E ) + BV, 8)

23 C. Biedl (DESY), EIC Meeting, ot BNL, Ausust 25, 2009



Exclusivity at HERMES in a Nutshell

GPD access at HERMES:

nucleon helicity quark helicity independent | quark helicity dependent

ohoton: JP=1- (DVCS)

conserved @ AUT FIZ AUL, [AUT]
flipped @ E: [AUT]

—— —— ——

JP=1- mesons =0 mesons

4 \

vector mesons
0
p’, w, P

pseudoscalar mesons

n, N

1
Jo=slim [ doo[HYw,E ) + BV, 8)
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Exclusivity at HERMES in a Nutshell

GPD access at HERMES:

nucleon helicity quark helicity independent | quark helicity dependent

ohoton: JP=1- (DVCS)

conserved @ AUT FIZ AUL, [AUT]
flipped @ E: [AUT]

—— —— ——

JP=1- mesons =0 mesons
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vector mesons
0
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pseudoscalar mesons
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1
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Exclusivity at HERMES in a Nutshell

GPD access at HERMES:

nucleon helicity quark helicity independent | quark helicity dependent

ohoton: JP=1- (DVCS)

conserved @ AUT FIZ AUL, [AUT]
flipped @ E: [AUT]

—— —— ——

JP=1- mesons =0 mesons

4 \

vector mesons
0
p’, w, P

pseudoscalar mesons

n, N

1
Jo=stim [ doo (@Y, & t) +EYa, £, 1)
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DVCS Transverse Target Spin Asymmetry Aut(db,ds)

* Aur: the only DVCS asymmetry on the proton for

which GPD E is not suppressed
(Hall-A: BSA on neutron)

* HERMES: transversely polarized hydrogen, 170 pb,
2 beam charges
> Separation of DVCS and interference terms possible

R (6, 65) x [A0™ (6,65)—do™(6,6,)] — [do* (&, dtm)—do(, ds+)]

Atr(d,0s) o Im(FH — F1€)sin(¢ — ¢s)cos ¢

+ Im (FQH T (F1 3 EFQ)&:) cos(@ — @s)sin @
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DVCS Transverse Target Spin Asymmetry Aut(db,ds)

* Aur: the only DVCS asymmetry on the proton for

which GPD E is not suppressed
(Hall-A: BSA on neutron)

* HERMES: transversely polarized hydrogen, 170 pb,
2 beam charges
> Separation of DVCS and interference terms possible

A[l)J\T/CS((I)rd)S)
AE2(6, 65) x [do*(6,05)—~da(6,65)] F [dort (6, b5+ 7)—do™ (6, g+ )]

also sensitive to GPD E
(bilinear combination)

AiIJT((J}, ®s) x Im(FoH — FL&)sin(¢ — ¢s)cos @

+ Im (FQ'H — (1 + &_“Fz)f) cos(d — ds)sin ¢
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E S
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HERMES 2006-2007: Recoil Detector

SC Solenoid (1 Tesla)

Photon Detector

Scintillating Fiber Tracker

Silicon Strip Detector

—

| Purpose:

- ——

| :
% To tag exclusive events

;'> |dentify recoiling target proton
> |dentify particles from
~ background processes

TN

Target Cell with
unpolarized
'H or 2H

"H=H): factorof 1.6 0'.5)
more than 1996-2005 26 C. Bied] (DESY), BIC Meeting ot BNL, Ausust 25, 2009



The Silicon Strip Detector (SSD)

Cooling Pipes

Ekin ~ 8 MeV
//.\lhcnn Sensor for prOtonS

‘,}.,. Support Structure o Purpose:
""w,';‘_' _ . \ _?{j.ijr’ y

| » Track reconstruction
» Momenta: > 125 MeV/c

o » PID for low and medium
Kot | momenta
Target Cel
@ 2 layers of 16 double-sided
Sensors

» (10 cm x 10 cm) active area
» 300 pzm thickness

@ Inside accelerator vacuum,
5 cm close to electron beam

to reach as low t as possible
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The Scintillating Fiber Tracker (SFT)

@ Purpose:

» Track reconstruction

» Momenta: 250-1400 MeV/c
(protons)

» PID for medium and high

momenta

@ 2 Barrels with each 4 layers of
scintillating fibers

@ Per Barrel:

» 2 parallel layers
» 2 stereo-layers
» Stereo angle: 10°
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The Photon Detector (PD)

@ Purpose:

» Detection of photons from

resonance decay At — pr°
» PID for p > 600 MeV/c

@ 3 layers of tungsten /scintillator
sandwich

» 1 layer parallel to beam axis
» 2 layers under +45° /-45°
angles

Scintillator

Scintillator Bars
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Tracking with the Recoil Detector

Energy Deposit in the SSD

F=T 1 1 l 1 1 1 I 1 1 1 I 1 1 1 l 1

8000
6000
4000

2000

Energy Deposit Inner Silicon [keV]

s g T e | s R g g e | S p i Wy e | g R O U | By
OO 2000 4000 6000 8000
Energy Deposit Outer Silicon [keV]

510

1 1 1 l 1 1 1 l 1 l‘ 1 l 1 1 1 l A

Transverse View of Detector

N\
Vs

Target Cell

@ Low-energy protons: momentum x (). AE;)~

o Medium-energy protons: momentum o ($£)~1 (Bethe-Bloch)

dx

@ Higher-energy particles (protons/pions): momentum x eBp

30
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Tracking with the Recoil Detector

Energy Deposit in the SSD Transverse View of Detector

=lll|lll|lll|lll|l=!

8000~

N\
Vs

Target Cell

Energy Deposit Inner Silicon [keV]

1 1 1 l 1 1 1 l 1 l‘ 1 l 1 1 1 l

s g T e | s R g g e | S p i Wy e | g R O U | By
OO 2000 4000 6000 8000
Energy Deposit Outer Silicon [keV]

@ Low-energy protons: momentum x (). AE;)~

@ Medium-energy protons: momentum (Ccllf) (Bethe-Bloch)

@ Higher-energy particles (protons/pions): momentum x eBp
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Tracking with the Recoil Detector

Energy Deposit in the SSD Transverse View of Detector

F=T l 1 I 1 1 1 l 1 1 1 I 1

8000~

4000 X

Energy Deposit Inner Silicon [keV]
no
3
O

i e ke bvon matf s e b eiiouipenthesl e ool e b -
00 2000 4000 6000 8000 1
Energy Deposit Outer Silicon [keV]

o Low-energy protons: momentum x (> . AE;)~!
@ Medium-energy protons: momentum o (%)_1 (Bethe-Bloch)

@ Higher-energy particles (protons/pions): momentum x eBp

30 C. Ried!l (DESY), BIC Meeting at BN, August 25, 2009



Tracking with the Recoil Detector

Energy Deposit in the S

SD
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o
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o
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~
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/
/

4000 N
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= \O
NN
6\
T T

Energy Deposit Inner Silicon [keV]

i

F 1 7 | L

1 l 1

1 I 1

R\ [
) q)
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s
- N
R
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-

[ S N
2000 § 4000
% Energy Qeposit Outer Silicon [keV]

il jeesber
6000

e e e
8000

Transverse View of Detector

o Low-energy protons: momentum x (> . AE;)~!

o Medium-energy protons: momentum o ($£)~1 (Bethe-Bloch)

dx

@ Higher-energy particles (protons/pions): momentum x eBp
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Reconstructed Momenta and Angles

Hermes 2007 data

S [
L g - Recoiling proton candidates Momentum resolution
3 = E DVCS
Cos F
- 5 S R [ e T [l ) e [ W e
go06 | 5 b0 Loel 1 10001
E E_ o 02 -__|. ....... .'_ ...... I—‘ ............ _I. ....... 1_ ...... '_ S P _|._
»0.5 F 1)) : ®:
é = o | | [ & | Bending 111 maghetic f1eld‘
o = (3T S N oA i S
03 F £ | IProtonsl | 1 I1*®®®is =" ®
il = e [ IProtonsl | | 1" "1 Jla ®|% 7
0.2 F @ g 0_1- J ....... _l_ ...... l_ ............ J..._. -_.l__ ..... _l. 3|
= B ] .
01 F _ = e : : : - l Q %_\E and be‘xdmo : 3
0 IININE T IR PR IO DRI 10 005_ | | -l_‘.' |‘—‘ | —— | """" I_‘ I‘_‘ I i
0 02 04 06 08 1 1.2 - I . = I a I I - I o
(Reco‘l)[radl _llllillllillllillllillllillllillllillllillllillll-l
“meas b 061 02 03 04 05 06 07 08 09 1

o Momentum [GeV/c]
@ Recoiling target protons

» Large f-angles < 90° B AE accounted for in track fitting
» Small momenta < 1 GeV/c = Ap/p improvement

@ Azimuthal ¢ coverage: 76%
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Proton / Pion Separation with the Recoil

—— - 111O111€ 11T
10000

()
/)
O

1 —{=sc00

@ p < 600 MeV/c: SSD + SFT (6 layers)
@ p > 600 MeV/c: include PD

@ Log-likelihood formalism:

00

5000
&00

400 4000

'l‘llllllllllllllllllll

- C11CTCY dEPOSIL

! @ o—1-jz-—.j 4-0.2 2 0. 3 . :
P(AE |proton, p) 58685408 $ 45040468

PID = log

. - 30 -
P(AElpl(-)ll, p) i |50
: t: 250 : =~4000
= 1 —{3s00
:é 200 —3000
E 1500 (2500
p<450 MeV/C, PIDcut=0: —2000
. . . 1000 —1500
pion contamination =0.1% e . 1 oo
.. S00F ¢ e o
proton efficiency >99% S U = Isoo
08D 66402 0020406087 ©
e Rsconstructad Momeantum [GsV/c]
= 22p ; : 8000
: = PD .
- Q  18f ;
y! !|I i “| w  16F 1 {s000
& E 5
:-uq|||| , |_!||‘I|H|L;,,: 3 ~0.2\ IE :‘:E_ 4 —{so00
= o.ceg\\c' =i 1 /a0
ST 08\ sf 3 —3000
PID ¢ 3310 s . SF —{2000
D+SFT) 10 45 2‘01“\06‘ sf % Sl
2F C(f, > ]
-q"é...-l“.. 05 .;01; 05 ..11.. 15 0

Resconstructad Momentum [GsV/ic]
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DVCS and the Recaoll

» Missing & Ad = dmeas — Oeale Missing Mass (=~ M3):
N . o« 2 1o sy 2
» Missing p: Ap = pmeas — Pealc My, = (P + Py — P- )
s . Hermes 2007 data Hermes 2007 data
' w ’ ’ »
g DVGS candldates 60 = | Traditional DVCS analysis
- S (E, >5 GeV)
. O 1500 |
=02 20 o
<]
- |'Ap|< 1 GeV/c
o B 1000 -,'//
30
= |Ap|> 1 GeV/c
0.2 500
— 10
04 bodivni v il
1 075-05-025 0 025 0.5 0.75 1 S Y T
Ap [ GeV/c] M2 [ (GeV/c)? ]
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Separation of Resonant States in DVCS

DVCS / Bethe Heitler
@ Elastic:

> ep — epy
@ Resonant ('associated’):
> ep — eATH

» 12% of signal

@ Presence of ¥ = proton fails
coplanarity cut
» Select elastic:
* |A¢| < 0.1 rad
« [pF|/[pFe] = 0515
» Select resonant:
* |A¢p| > 0.35 rad

34

counts

1500

1000

500

Hermes 2007 data

. Traditional DVCS analysis

(E, >5 GeV)

Recoil proton
in acceptance

with Coplanarity cut

14

8 10 12
M2 [ (GeV/c)* ]
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Separation of Resonant States in DVCS

DVCS / Bethe Heitler

@ Elastic:
> ep — ep)
@ Resonant ('associated’):
> ep — eATH
HE /
g g Ay /3
A i pr’, 2/3

» 12% of signal

@ Presence of ¥ = proton fails
coplanarity cut
» Select elastic:

* |A¢| < 0.1 rad

calc eas .
* |pT /1P o =0:5+15

» Select resonant:
* ’A(f)| > 0.35 rad

Hermes 2007 data

-og . Traditional DVCS analysis
= (E, >5 GeV)
O 1500
(&
Recoil proton
in acceptance
1000
with Coplanarity cut
/
0 3 .J-‘lrul...I...l...l...l...l.
A . 0 ou 2 R 6 8 10 12 14
Preliminarily M2 [ (GeV/c)? ]
X
tuned on MC
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Exclusive Mesons and the Recoil

HERMES 2007 data

1000

i _{ """" excl. p?0
T 7t
1200 —_‘_““";;_>_ ~
TTm———
2 Rho candidates
p___(Recoll-p,,, (mlss) [ GeV/c ]
N F
300 £ Traditional p, analysis HERMES Data 2007
250 \
200
150 F )
E Recoil momentum cut Profon in
100 £ Recoil acceptance
50 [
= e
-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
AE [GeV]

IApl < 0.8GeV/c

55

120

100

20

excl. ®

—_-ﬁ .“[u

By A
———

Traditional » analysis

HERMES Data 2007

\

Recoill momentum cut
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DVCS Beam Helicity Asymmetry with Recoil

! 3 3 3
0.5 G < 05 < 05 £ < 05 5 )
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I I I | | L N
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DVCS Beam Helicity Asymmetry with Recoil

Pre-preliminary,
private analysis

==
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DVCS Beam Helicity Asymmetry with Recoil

I I I
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DVCS Beam Helicity Asymmetry with Recoil
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Summary

Generalized Parton Distributions
Give glimpse of three-dimensional structure of nucleons
Allow to access total angular momentum carried by quarks

Deeply Virtual Compton Scattering:
the golden channel to study GPDs
Measurements of cross sections and asymmetries as input to GPD

constraints and fits
Measurement of various azimuthal asymmetries at HERMES and

other fixed target experiments

HERMES high lumi run 2006/2007 with Recoil detector

Fxclusive event tagging
Cirst time: separation of elastic and resonant BSA in DVCS
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