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Motivation. ks

Nucleon Spin Composition
30% unknown |
Proton’s Spin / Au+Ad+As Lq:(
J,

q

Ji’s relatior/ GPDs

J3(0*)=1im [ dx x[H, (x.£,1)+E, (x. &)

-1

We study DVCS to constrain GPDs
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o Factorization: DIS & DVCS

Y#(q) Y4(q) DIS , DVCS, Y#(q) Y(q')
ep —>e'X ep — e’py
Amplitude:

N N |A('N—>y'N)|  |aly’N >y N)|N N
Forward Compton Non-forward Compton
Mandelstam t = 0 il Mandelstam t # 0

Factorization:
A = hard scattering®
o Generalized
® Parton Distribution ® parton Distribution (GPD)
only diagonal matrix elements non-diagonal matrix elements
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GPDs for DVCS e

® Y#(q)
on a spin-'4 target
twist 2 GPDs:

H(x, §,t), Fl(x, .f,t) target helicity conserving

x+E

N

E(x, §,t),E(x,§,t) target helicity non conserving
where:
[ momentum transfer (Mandelstam ¢ )

X * f parton’s longitudinal momentum fractions
X unobservable internal variable in DVCS
longitudinal momentum transfer between two partons

sx N\E x%/ii/éx x+é/i i\xé

-1 £ 0 £ 1

| | | | [

X
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o Properties of GPDs 14

Forward limit: f H? (x,0,0) q(x) Hq(x,0,0)z Aq(x)
t=06=0
Sum Rules: j_ll dxH? (X, S, t) = Fl(t) fl dxE* (x, g, t) =F, (t)

. ) F,, F, — Dirac and Pauli form factors
Nucleon’s spatial picture :

pb) S0

0
0 bJ_

Transverse *~7 Longitudinal * N GPD

Position Momentum
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indistinguishable

final state

@ HERMES
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do /dp, dQ_dQ (pb/GeVsr)
3

TT III| IIIIII|T| IIIIII|T| IIIII|T|'| IIIIIIII| TTT

E

=

1
-y
=]

20

C—

.
DVCS & Bethe-Heitler (BH) "*

DVCS &

Bethe-Heitler

3

2 2 * *
T = ‘TBH‘ T ‘TD VCS‘ + Tprestau T7p vest BH

'

I/

3 one measures interference of two processes

but BH is calculable in QED
=) DVCS is suppressed in respect to BH
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Longitudinal
Polarimeter

o HERA & Hermes

pin Rotator

e

Spin Rotator

HERA ep collider

o e and e*
— Beam Charge
Asymmetry (BCA) \

Iy, pin Rotator

T

AT Sk,

S S
i

& Spin Rotator Spin Rotator <

@ DESY Hamburg

S

o e* beam
e Energy 27,5 GeV
e Polarization ~ 50%
o Spin Rotators
e @ Hermes longitudinal beam polarization
e have both beam helicities

Transverse
Polarimeter

Beam

e .‘——/ Direction

— Beam Spin Asymmetry (BSA)
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Target Polarization:"

1996 -2000 :
Longitudinal -

2002 — now :
Transverse —

HERMES

T 1
- HAWBER
= _ o
{7~ = e =
HAODOSCAOPE H B
]
Y

"N

CHAMBERS

magnet  particle ID

OOOOOO

RICH =~

34 TRD “CA*QRMEIER -

IRONWALL/ﬁﬂh '

DVCS:

o L ] 2 3 ‘Tmmé ““‘:‘ “"“"9““:5 8 9 0 m
tracking (AP, ~ 2%) Calorimeter
—Target Spin Asymmetry (AE, ~ 5%)

detected: scattered lepton and photon
not detected: Recoiled nucleon =) Missing mass reconstruction
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‘ Asymmetry Measurement el

_l.r--l"-r. N PR

— elastic BH .
associated BH ]
— semi-inclusive

2 2
M, 7 (GeV?)

— ass. BH + semi-inc.

4 6 8
M, * (GeV?)

A(g)=

! MC (M, < 1.7 GeV):
| v Elastic (85 %)
e e, v ASSOCIated (Wlth excitation of

the nucleon into resonance

1 state, e.g. A) (10%)
1 v Semi-inclusive background
i (mostly from 119) (5%)

do' —do~ _do, —do;

do" +do~  do™

BCA (e*,e) ~ ReH-cos¢
BSA( beam’ s beam_) - IIIlHSlIl¢
LTSA (P, " Pug”) ~ ImH-sing
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Longitudinally polarized e* beam
Unpolarized target

Beam Spin Asymmetry.
The Proton and the Deuteron

H{ g
FI' S

Accessing A cImH

Fit function:

beam
508 508
- N -4 + -l
<« r e"p—oe yX (M<17GeV) = I
06 HERMES PREL. 2000 (refined) 08
04 [ — P1+P2sinto + P3sin2¢ 0.4
0.2 0.2
0 0
0.2 -0.2
0.4 -0.4
: P1 =-0.04 + 0.02 (stat)
-0.6 [ P2 = -0.18 + 0.03 (stat) 06 |
r P3 = 0.00 + 0.03 (stat) L
0.8 - -08 |
L <-t>=0.18 GeV? , <Xg>=0.12, <@ = 2.5 GeV? [ et
-1 P T B B SR S S R - Lo,
-3 -2 -1 0 1 2 3 1 3

etdse'yX (M<1.7GeV)
HERMES PRELIMINARY
— P1+P2sino+P3sin2¢

P1 =-0.04 + 0.02 (stat)
P2 =-0.15 + 0.03 (stat)
P3 = 0.03 + 0.03 (stat)

=0.20 GeV’, <x> = 0.10, <Q*> = 2.5 GeV’
| | B | | |

o (rad)

-2 -1 0 1 2 3

¢ (rad)

expected sin® behavior
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Proton:
AN =-0.18%0.03
A2 = 0.00+0.03
Deuteron:
AN =-0.15%0.03

A =0.03+0.03
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Positive and negative beam Charge Accessing Aéos¢ o« Re H
Unpolarized target

AC(¢):

o 06

04 |-

02

0.2

04

-0.6

11

H{___,.

Beam Charge Asymmetry. hadfe

The Proton and the Deuteron.

NY (¢) _ N~ (¢) Fit function: 0]
N*(¢)+ N (¢) = f(p)= const. + A= cos g+ A2 sin ¢

| HERMES PRELIMINARY («<t>=0.12 GeVv?) < 04 HERMES PRELIMINARY

e’ p— ei"yx (M, < 1.7 GeV) etd e v X (all d) Pro tOn:

— c0+clcosg+sising A=c0 + c1 cosd + s1sing (M,<1.7 GeV)

+ . o2 e s A2 =0.059+0.028

A" =0.094+0.028
(Non zero Pg)

¥% ndf : 11.47/8 Deuteron_'
2? ) g'gg: f g'ggg ::::3 ol 0= 0.003 +/- 0.013 (stat) cosd
1 - 0.094 + 0.028 (stat) | 1o 0010 +7-0.018 (otat) A7 =0.061£0.018
3 2 A 0 1 2 3 2 0 2 .
¢ (rad) o (rad) A3 =0.010£0.018
expected cosP behavior
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° Beam Charge Asymmetry vs. t
2, | uemmes precmnary | Proton vs. Deuteron:
< 0.6} e'pdeyX (M<17GeV) -

(in HERMES acceptance)

0.4-_ * proton i
= deuteron

proton:
Regge, D-term ]
Regge, no D-term.

fac., D-term
fac., no D-term

0 01 02 03 04 05 06 07 0.8 0.9
2
-t (GeV7)

GPD model:
M. Vanderhaeghen et. al.

= 1st Deuterium bin is 40%
coherent
» No difference between
eP and eD

H{___,.

rmes

= Difference in the last bin due

to increasing neutron form
factors
= BCA may constrain GPD
models
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New !

¥

® Longitudinal Target Spin Asymmetry.

Longitudinally polarized target
Unpolarized beam

_ 1 N(g)-N(g)
Aul9)= (Pus ) N(#)+N(9)

1 0.6 e
= ] HERMES PRELIMINARY i =
I e'p—e'yX (M <17 GeV) I
04 A =¢y+ s, sin ¢ +5, sin 20 . 04

st -0.071+ 0.034 (stat.)
sy =0.113 + 0.034 (stat.)

04| -04 [

t>l)12GV >=0.10, < Q >=2.5 GeV’

\..H\‘.‘.m.‘.\ ‘ ‘ [
-3 -2 -1 U 1 2 3

¢ [rad]

206

The Proton and the Deuteron

Accessing

A(S}y o« ImH

Fit function:

L}

: £ (@)= const.+ 4727 sin g+ A7 sin 2

0.2 - + * 0.2 -

- HERMES PRELIMINARY 99,00

e'd—e'yX (M <17 GeV)
A =¢y+ s, sin ¢ +5, sin 20

0 0
02 x! ndf: 8.57 w 02 F
¢y -0.009 £ 0.024 (stat.) I

WY
R

¥ ndf: 6.7
c,; 0.030+ 0.017 (stat.)

st -0.036+ 0.024 (stat.)
sy -0.039+ 0.023 (stat.)

>=0.10, <Q*>=2.5 GeV>

<-t>=0.13 GeV’, <x,,

| R
-3

N R E N N B
-2 -1 0 1 2 3

¢ [rad]

expected sin® behavior
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| Ay -0.071£0.034 -0.036+0.024
| A57%%.113+0.034 -0.039+0.023

P D

4

: sin2¢
Sizeable 4,, " ?

sensitive fo e.g.
twist-3Im(H° H)
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New !: Longitudinal Target Spin Va'd
@ Asymmetry vs. t

=3 T o 04 prrr
5 5' f HERMES PRELIMINARY ] % 5 HERMES PRELIMINARY
< 03f e'pid — 'y X (M <1.7 GeV) < 03 e'p/d — ey X (M <L7 GeV)
02F = proton . 02| = proton
_ » deuteron ] o F " deuteron +
0 N

---------- Regge no tw-3 Regge no tw-3 1

+ - fac., tw-3 ; 0.1 _++ H' + Lo fac, w-3

: — — fuc, notw-3 02 — fac, nomw-3
S Rﬂ’ggﬂ” tw-3 ] e Regge, w-3
0.3 — ] -0.3
0.4 | 04 f
05 LT 05 |, ool I N N N H H \“ H H N H N N N N H
GPD model: 06 '6.1'"0.2"'6.3"6.4"6.5"6.6'6.7'"6.5"59 0.6 DG H 3 04 05 o .7H618Hg.r9
only W.W. term of the -1 [GeV'] -t [GeV7]

= eD coherent production (40% 1st bin)

{ s o~a s NS} » No effect is seen
HLHLE L E " high t: AUL(ep)iAUL(ed):AUL(ep)'_/:AUL(en)

twist-3 GPDs

S F=F), +F, = A, 5"2® is bigger than predicted by the model

G
Trom twist-2 GPésq » interaction dependent (qGq) twist-3 is missing
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.
DVCS at HERMES. Outlook. "

Existing data on Proton  Present Data Taking:
and Deuteron: Transverse Polarized
e BSA — ImH Target
e BCA — ReH e TTSA -E—J
o LTSA —-ImH u

sin2¢ - . .
— A" is significant
" wwist-36Pps 7)  Future.

Recoil Detector

DVCS on nuclei » Background ‘free” DVCS:

e sin® is already observed
for BSA on Ne and Xe

e 50 5 << 1%

e Dependence of coherent . A ted bad:

production on nuclei will be SSOC(')a e 09 :
studied (N, Ne, Kr, Xe) * 10% — 1%

» Semi-inclusive bgd:
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