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Generalized Parton Distributions

Form Factor Parton Distribution

Fix)

— study Generalized Parton Distributions via
Deeply Virtual Compton Scattering
A
s
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DVCS Handbag Approximation
= DVCS process

/ factorizes into
9 ) hard scattering part
PN 7 —
e (pQCD)
X+ | r]x-g — non-perturbative part
/{H E, H, E(x, &, &) (GPD)
i (Collins et al., Phys Rev D59, 1999)

o GPDs depend on three variables
a X, & — light-cone momentum fractions

e § — 572 In Bjorken limit

L o A= —p) =t

héaes

Workshop on In-Medium Hadron Physics,Giessen, Nov. 11-13, 2004 — p.2



DVCS-Bethe Heltler Interference

9
€ ’

d o/ dp, dQ, dQ, (pb/GeV sr?)

p
DVCS & BH — same final state
do R 51| +roves*+TDVes Ty + Tpves TBH
dzp dQ? dild¢ — B 32(27) Q4 /1+42% M2 Q2

L s

Workshop on In-Medium Hadron Physics,Giessen, Nov. 11-13, 2004 — p.3



1

Measuring DVCS Asymmetries

@ DVCS-BH interference gives
direct access to amplitudes

@ Decompose 7 in sum of
Fourier harmonics
(Belitsky et al. hep-ph/0112108)

@ Beam Charge Asymmetry
— real part

@ Beam Spin Asymmetry
— imaginary part

4+/2 m b 1 1 1
+ v2me -COS RM1— P sin ¢ i%Ml’l

tQxp 1 —zxp e(e—1)

€
L—> M1 is a combination of GPDs %ﬁ\ig
qmes
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The HERMES experiment

[~ FIELD CLAMPS — TRIGGER HODOSCOPE H1
m
, E/ITJ%'\INT DRIFT CHAMBERS - 270 mrad _
HODO T //179m/rad/’
I PRESHOWER  (H2)_ T I
DRIET -7 - - 140 mrad
14 CHAMBERS 4
i’ e > _ I
- /*H 27.5 GeV
L == LUMINOSITY
R = O T T O e T T T T onTor T T T ST
TARGET "~ __ :ﬂ:! e+
CELL -
T ot/
14 HODOSCOPE HO B
STEEL PLATE Tl - BC 3/4 ‘ TRD CAEOR|METER 140 mrad
Tt IRONV;AEL\ =
-2 "=~ _ 270 mrad /170 mrad = .
WIDE ANGLE
VMUON HODOSCOPE MUON HODOSCOPES
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 m

Internal gas targets: H, D, Hy, D3,20 Ne 84 Kr

@ Beam: 27.6 GeV positrons or electrons, (Pg) ~ 0.55

L @ Reconstruction: % <1.6%, €.+ > 97% }tﬁ\g
%e(m S

Workshop on In-Medium Hadron Physics,Giessen, Nov. 11-13, 2004 — p.5



Establish Exclusivity

e Detect photon
— calorimeter

a Detect lepton
— Spectrometer

o ldentify reaction by
missing mass cut

M3 < 3GeV

o Kinematic requirements
— Q?>1GeV?
— W2 > 4 GeV?

L s
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BSA on Proton

F <-t>=0.18 GeV?, <xz>=0.12,

P IR

e'p-e'yX (M<1.7GeV)
HERMES PREL. 2000 (refined)
— P1+P2sin @+ P3sin 2¢

P1 =-0.04 £ 0.02 (stat)

P2 =-0.18 + 0.03 (stat) |

P

P3 = 0.00 % 0.03 (stat)

<Q? =25 GeV?

| | | P I B

-3

-2 -1 0 1 2 3
¢ (rad)

Ary (9)

sin®
ALU
o o
N w
I

e'p-eyX
HERMES PRELIMINARY 2000

(refined analysis)

04 |

;Asg3¢ =-0.18 + 0.03 (stat)  0.03 (sys)

F <-t>=0.18 GeV?, <xg> = 0.12, <Q® = 2.5 GeV?

My<17GeV —

oL by b b b b L

1

4 0 1 2 3 4 5 6
M, (GeV)

—>

(| PBl)

—

N (¢) — N (¢)
N (¢)+ N
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BCA on Proton

o 0.25
| HERMES PRELIMINARY (<-t>=0.12 GeV?) 8<>(o [ HERMES PRELIMINARY
i e'p - e"yX (M<1.7GeV) 02 F
3 — cO+clcos@+slsing

(refined analysis, <-t_> = 0.12 GeV?)

i e*p - e”yX
+ + 015 |

—+‘ 0.1 +
005 [ e
: [ )
2 . ] | +
X/ ndf : 11.47/8 0 f $
c0 = 0.009 + 0.020 (stat) i *
[c1=0.059 + 0.028 (stat) | 005 L
s1=0.094 + 0.028 (stat)
T _01 | | ' | P | N BT B
8 2 1 0 1 2 3 1 0 1 2 3 4 5 6
¢ (rad) M. (GeV)

) — N (9)
)+ N~ (9)

|
SIS

N (
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From Nucleons to Nuclei

o Apply GPD formalism to nuclei

a 3D distributions of quarks and gluons inside
nucleus

a Link partonic and nuclear degrees of freedom
a Study binding effects from a new perspective
a Access to forces inside the nucleus
(Polyakov, Physics Letters B555, 2003)
e Adapt kinematical variables
e My — My

Q XB%XAQIB%—Z

héaes
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Nuclear Targets

-3
x 10
(%2}
ZE 045
Z o4 [ HERMES PRELIMINARY ]
> . L :
prd r ;
035 F
I — Neon i
03 F - Hydrogen
--------- Deuterium
0.25
02 F
015 F
01 F
0.05 T | % M, < 1.7 GeV
0 -. ~|||- il
-04-02 0 02 04 06 08 1 12 14

-t (GeV?)

=

Deuteron

@ Spin-1 nucleus

@ described by 9 GPDs —
Hiozas(x,6,t), Hioz4 (7,61

@ study bound-state effects

Neon

2 90.9% %JNe + 8.8% 22Ne
— Spin-0 nucleus

@ only1GPD — H (x,&,1)

Start from nucleon GPD to

model nuclear GPD

(Kirchner et al., Eur. Phys. J. C 32,

2004) A —
%‘ne(rp S
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BSA on Deuteron

50.8
< e"d - e'yX (M<1.7GeV)
0.6 HERMES PRELIMINARY
04 F — P1+P2sin @+ P3sin 2¢
02
O -
0.2
04
i P1=-0.04 £ 0.02 (stat)
-06 | P2 = -0.15 + 0.03 (stat) |
i P3= 0.03  0.03 (stat)
-0.8
F <-t>=0.20 GeV?, <xz> = 0.10, <Q*> = 2.5 GeV?
_1 P I E TS S NI SRS U SR N S SN RS R RAE
3 2 0 1 2 3
¢ (rad)
Ad
v . —0.15+0.03
D - _
AT 0.18%0.03

=

sin®
ALU
o ©
N w

e’d - e'yX
HERMES PRELIMINARY

L Asin®
;ALU

F <t >=0.20 GeV?, <x> = 0.10, <Q*> = 2.5 GeV?
Ll

M, <17 cev = 0-15 % 0.03 (stat) £ 0.03 (sys)

Lo b b b b b

-1

o 1 2 3 4 5 6
M, (GeV)

» consistent with calculations by Kirchner et al.

:"J

héaes
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BCA on Deuteron

0.2

-0.2

o 0.6
HERMES  PRELIMINARY < | HERMES PRELIMINARY (<-t>=0.12 GeV?)
e'p - e"yX (M<1.7GeV)

efd - e®y X (all d) 04 L _
— cO0+clcosg@+slsing

A=c0 +clcos@+slsing (M,<1.7 GeV)

x?/ndf = 2.26 »
02 | +

0 R R [ e et RSSOV TR N
02 |
i X%/ ndf : 11.47/8
c0= 0.003 +/- 0.013 (stat.) os | c0 = 0.009 + 0.020 (stat)
[ c1=0.061 +/- 0.018 (stat.) | e [c1=0.059 + 0.028 (stat) |
s$1=0.010 +/- 0.018 (stat.) : s1=0.094 « 0.028 (stat)
: : I '06 P IS I SRS RIS S S UNS S S I RN
2 0 2 3 =2 1 o0 1 2 3
¢ (rad) @ (rad)

AdC ~ A% — incoherent scattering on p is dominant process

=

héaes
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2 0.3

0.2

01

01|

-0.2

03k

Target Spin Asymmetry on Deuteron

x>=12.4/9
J ASM® =-0.019 + 0.023 (stat.) ]
ASm*® = -0.029 £ 0.023 (stat.) :
I....I....I....I....I....I....I-
3 2 -1 0 1 3
d(rad)

a first experimental
observation of TSA

e sizeable sin (¢) and
sin (2 ¢) contributions

~

@ accessto A

Workshop on In-Medium Hadron Physics,Giessen, Nov. 11-13, 2004 — p.13



AC(nucl -)/AC(p)

N
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N
N
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Predictions for BSA & BCA on heavy nuclel

A, Mud)/A P
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-
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24
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22
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2 \ “||Illl
L e . st
18 |- ﬂlulﬂﬁ“‘
16
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l |
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0 0.02 0.04 0.06 0.08 0.1
-t, GeV

L (Strikman hep-ph/0301216)

1

for coherent process
— nuclear asymmetry
clearly enhanced

Incoherent contribution
— ratio of asymmetries is
decreased

héaes
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BSA on Neon

[ <t>=0.13 GeV?, <xz> = 0.09,

e"Ne - e'yX (M<1.7GeV)
HERMES PRELIMINARY
—— P1+P2sin @+ P3sin 2¢

P1= 0.00 % 0.02 (stat)
P2 = -0.22 + 0.03 (stat)
P3 = 0.04 + 0.03 (stat)

L | | |

<Q*> = 2.2 GeV?

P I

sin®
ALU
o o
N w
I

é+ Ne - e+yX
HERMES PRELIMINARY

O
w
I

04 |

L -0.6

-2 -1 0 1 2

e —0.22+0.

L Asin®
;ALU

P

F <-t>=0.13 GeV?, <xg> = 0.09, <Q* = 2.2 GeV?

P IR R

M, <17 cev = 022 £ 0.03 (stat) £ 0.03 (sys)

¢ o * 4

Lo o b b b

3
@ (rad)

03

P, —0.18+0.

03

-1

0

1

2 3 4 5 6
M, (GeV)

> sum over coherent and incoherent contributions

:"/

héaes
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The HERMES Recolil Detector L

(zr}g;(:r]sljtit:ggt);n/scintilIator) Q‘ Surround target area
= detect recoiling nucleon

SciFi/Lightguide
Connector Ring
SciFi 2
SciFi 1

@ Improve background
suppression

@ High statistics on
e unpolarized targets
— 2fb~ 1!

— proton and nuclear
C2 Collimator ~ C3 Collimator targets

Flange to : )
HERA beam pipe Thin-walled
Scattering

Chamber

£
L Ve’
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Conclusions

e DVCS observed on p, d, Ne

e« HERMES measures Beam Spin-, Beam Charge- and
Target Spin-Asymmetries

a Analysis on Neon in progress

e Data on Krypton and Xenon taken in 2004
— study A-dependence of asymmetries

e Install Recoil Detector in 2005

héaes
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