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From Flat to 3D

Form factors

transverse charge

E.Avetisyan (HERMES-DESY)

Exclusive Overview



From Flat to 3D

Form factors

Parton density

transverse charge

E.Avetisyan (HERMES-DESY)

longitudinal momentum
and helicity

=] 5
Exclusive Overview




From Flat to 3D

Form factors

o

transverse charge
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GPDs

l Flaby)

correlated momentum,
helicity distribution
in transverse space

Parton density

longitudinal momentum
and helicity
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Exclusive = GPDs !

2 t small
QF large, t sma ~Collins, Frankfurt, Strikman (1997)-

Generalized Parton Distributions
H H
E IE
! !
t unpolarized polarized

@ GPDs depend on

x + ¢ longitudinal momentum fraction of the quark
—2¢  exchanged longitudinal momentum fraction
t 4-momentum transfer squared
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Exclusive = GPDs !

2 t small
Q° large, t sma ~Collins, Frankfurt, Strikman (1997)-

Generalized Parton Distributions

H H

(E__ H= nucleon helicity fflip
! !

t unpolarized polarized

@ GPDs depend on

x + ¢ longitudinal momentum fraction of the quark
—2¢  exchanged longitudinal momentum fraction
t 4-momentum transfer squared
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Geometrical Interpetation of GPDs

parton size
resolved in
the process

e

:c+§--'

=

-
T
el

transverse center of
momentum of the
initial nucleon

.

transverse position
of the active parton

transverse center of
momentum of the
final nucleon

by courtesy of J.P.
{x

Ralston & M. Diehl
edrawing: R. Jakob)
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Processes Involving GPDs

wide angle | .. form
Compton )

3 factors
scattering

deeply virtual
Compton
scattering

timelike
Compton

orbital angular
scattering

momentum

transverse localisation

exclusive
meson production

deep inelastic
scattering
deep virtual / large ¢ PDFs

@ Quantum numbers of final state selects different GPDs
® DVCS (v): all GPDs H, E, H, E

® vector mesons (p, w, ¢): unpolarized GPDs H, E
® pseudoscalar mesons (, n): polarized GPDs H, E
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Close Relatives of GPDs

Forward limits (link to PDFs): (t — 0,£ — O)I

for quarks:
for antiquarks:
for gluons:

H9(x,0,0) = q(x)
H9(x,0,0) = —g(—x)
H&(x,0,0) = xg(x)

Elq(X,O, 0) = Aq(x)
'Ijq(xvoﬂ 0) = AgG(—x)
H&(x,0,0) = xAg(x)
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Close Relatives of GPDs

Forward limits (link to PDFs): (t — 0,¢ —0) |

for quarks: H9(x,0,0) = q(x) H9(x,0,0) = Ag(x)
for antiquarks: H9(x,0,0) = —g(—x) H9(x,0,0) = Ag(—x)
for gluons: H&(x,0,0) = xg(x) H&(x,0,0) = xAg(x)

S
No corresponding relation for polarised (E, E) GPDs = accessible ONLY in exclusive processes!
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Close Relatives of GPDs

Forward limits (link to PDFs): (t — 0,& — O)I

for quarks: H9(x,0,0) = q(x) lth(x, 0,0) = Ag(x)
for antiquarks: H9(x,0,0) = —g(—x) H9(x,0,0) = Ag(—x)
for gluons: H&(x,0,0) = xg(x) H&(x,0,0) = xAg(x)

S
No corresponding relation for polarised (E, E) GPDs = accessible ONLY in exclusive processes!

Sum rules (link to Form Factors):l

+1 +1
/ H9(x, €, t)dx = F(t) / E9(x,&, t)dx = FJ(t)
1

-1

1 rFL
/ F9(x, £, t)dx = g3(t) / E9(x, €, t)dx = hi(2)
-1 -1
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Close Relatives of GPDs
Forward limits (link to PDFs): (t — 0,¢ —0) |

for quarks: H9(x,0,0) = q(x) H9(x,0,0) = Ag(x)
for antiquarks: H9(x,0,0) = —g(—x) H9(x,0,0) = Ag(—x)
for gluons: H&(x,0,0) = xg(x) HE&(x,0,0) = xAg(x)

S
No corresponding relation for polarised (E, E) GPDs = accessible ONLY in exclusive processes!

Sum rules (link to Form Factors): I

+1 +1
/ HI(x,&, t)dx = F{(t) / E9(x,&, t)dx = Fy(t)
-1

F1_ o
/ F9(x, £, t)dx = g3(t) / E9(x, €, t)dx = h(2)
—1 1

Ji sum rule - relation to total angular momentum! - JipPreL 78 (1997) 610 -

2

1 [t _ 1
_/1"“[H"(x,s,t)+E"(x,§7t)] = Jg = §AZ+Lq
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What can we learn from GPDs?
Proton Spin

(HERMES, Phys. Rev. D 75 (2007) 012007)
—=-(Au+Ad+As+L;+AG+ L,
2 2 D ——
Ja ’s
Agq: well known from DIS & SIDIS
AG: first indications from DIS
Lg, Lg: unknown!

GPDs allow access to Jg, J; through Ji's sum rule:

t—0

1. !
Jq,g = 5 lim /_1 dx - x - [Hq,g(xvé.a t) =+ Eq,g(Xvé.a t)]
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Kinamatical Coverage of Experimental Data

collider experiments: 3 T § \6"
1074 < xg < 0.021 : probing gluons & 8r E <<7\ _
Tr .'.": Upgraded ,"'gé
fixed target experiments: 61 Ly
@ Compass 0.006 < xg < 0.3 : i
gluons and quarks (g, + gs) Y
o HERMES 0.02 < xg < 0.3 : ’ b
gluons and quarks (g, + gs) 2
o JLAB (©6GeV)0.13 < x5 < 0.6: 'O o

0 01 02 03 04 05 06 07
XB

quarks (valence)
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The HERA Accelerator

Longitudinal
Potarimeter

e

Spin Rotator

Transverse
Polarimeter

HERA|

Possibility of e™ and e~ beams with Epeam = 27.5GeV
Naturally polarised! (Ppeam) ~ 30 — 60%
Spin rotators used to obtain longitudinal polarisation
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Spectrometer

' FIELD CLAMPS T\ TRIGGER HODOSCOPE H1

m

FRONT DRIFT CHAMBERS
24 MUON

HODO

PRESHOWER (H2)
RECOIL  DRIFT

14 PROTON CHAMBERS ] Hadrons

27.6 GeV

TARGET  |LAMBDA
-1 CELL WHEELS

HODOSCOPE HO
STEEL PLATE

BC3/4 TRD CALORIMETER

IRON WALL

WIDE ANGLE

MUON HODOSCOPE MUON HODOSCOPES

T MAGNET

T
2 3 4 5 6 7 8 9 10 m

0 1
Fixed target (H,D,N,Ne,Kr,Xe), high longitudinal/transverse polarisation!
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Spectrometer

[~ FIELD CLAMPS — TRIGGER HODOSCOPE H1
m
FRONT DRIFT CHAMBERS
2 MUON
HODO
RECOIL DRIFT
14 PROTON CHAMBERS
g FC12
oo
od = LUMIN

MONITS

8
DV(
TARGET  |LAMBDA

C
-1- CELL WHEELS

HODOSCOPE HO
STEEL PLATE

TRD CALORIMH

IRON WALL

MUON HODOSCOPES

WIDE ANGLE
~— MAGNET MUON HODOSCOP!

27.6 GeV

0 1 2 3 4 5 6
Fixed target (H,D,N,Ne,Kr,Xe), high longitudi
et |EM—Ca|orimeter, TRD, Preshower

T
7 8 9 10 m

/transverse polarisation!
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Spectrometer

m
FRONT
24 MUON
HODO
RECOIL  DRIFT
14 PROTON CHAMBERS
o Fci2|]
o+~ =-:C
|
pve
TARGET | AMBDA
-14 CELL WHEELS
HODOSCOPE HO
STEEL PLATE
_2,

ﬁ FIELD CLAMPS j

DRIFT CHAMBERS

TRIGGER HODOSCOPE H1

TRD

PRESHOWER (Hp)

CALORIMH

N

27.6 GeV

J

T MAGNET /

WIDE ANGLE
MUON HODOSCOPI

IRON WALL

MUON HODOSCOPES

T
2 3

0 1 A 5
Fixed target (H,D,N,Ne,Kr,Xe), h;ngngitudi

et | EM-Calorimeter, TRD, Bl:e{hower

hadron PID: | RICH

6

Exclusive Overview

E.Avetisyan (HERMES-DESY)

8 9

Prague, July 10, 2007

T
10 m

/transverse polarisation!
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Spectrometer

TRIGGER HODOSCOPE H1

F FIELD CLAMPS j

m

FRONT DRIFT CHAMBERS
2 MUON

HODO

N

PRESHOWER (H@;

RECOIL DRIFT
14 PROTON CHAMBERS

27.6 GeV

TARGET  |LAMBDA
-1- CELL WHEELS

HODOSCOPE HO
STEEL PLATE

J IRON WALL
24
B WIDE ANGLE MUON HODOSCOPES
-~ MAGNET MUON HODOSCOP
\ \ T T T T
2 7 8 9 10 m

Fixed target (H,D,N,Ne, Kr Xe Iong|tud| ransverse polarisation!

et: |EM Calorimeter, TRD, /l:e/hower
hadron PID: | RICH

~: | EM-Calorimeter, Preshower
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Spectrometer

TRIGGER HODOSCOPE H1

F FIELD CLAMPS j

m

FRONT DRIFT CHAMBERS
2 MUON

HODO

RECOIL DRIFT
14 PROTON CHAMBERS

N 7
g Hﬂfiﬁﬁev

e

TARGET | AMBDA
-1- CELL WHEELS

HODOSCOPE HO
STEEL PLATE

IRON WALL

WIDE ANGLE N HODOSCOPES
MUON HODOSCOP MUON HOD PE
T T

T
8 9 10 m

ransverse polarisation!

I MAGNET

2 3 7,

Fixed target (H D,N,Ne,Kr Xe Iongltudl
et: |EM Calorimeter, TRD, /l:e/hower

hadron PID: | RICH
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(b)

e+N—e&+~v+N
The simplest probe of GPDs (no gluons in the leading order)

(]

Same final state in DVCS and Bethe-Heitler = Interference!
da(eN — eN’y) X ‘TBH|2 + |TDVC5‘2 + TBHTSVCS + T,‘;HTDVCS;
7
|T81|? >> |Tpvcs|? at HERMES — no direct X-section measurement

(4

(]

Good news: 7 interference term allows access to (certain) GPD
combinations through asymmetries!

v
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All the glory of the asymmetries!

Interference term Z induces azimuthal asymmetries in cross-section:

» Beam-charge asymmetry Ac(¢) :
do(et,¢) — do(e™, ¢) ox Re[F1'H] - cos ¢

» Beam-spin asymmetry A y(¢) :
do(e,¢) — do(e,¢) o Im[F1H] - sing

» Long. target-spin asymmetry Ay (¢) :
do(P, ) — do(P, ¢) o« Im[FH] - sin ¢

(F1, Fy are the Dirac and Pauli form factors, calculable in QED)
(H, €, H, € are the Compton form factors, moments of corresponding GPDs)
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All the glory of the asymmetries!

Interference term Z induces azimuthal asymmetries in cross-section:

>

Beam-charge asymmetry Ac(¢) :

do(et,¢) —do(e™, ¢) ox Re[F1'H] - cos ¢
Beam-spin asymmetry A;y(9) :

do(e, ) — do(e,¢) oc Im[F1H] - sin g
Long. target-spin asymmetry Ayi(o) :
do(P,¢) — do(P,¢) oc Im[F1H] - sin ¢
Transverse target-spin asymmetry Ayr(o, ¢s)

do(¢, ¢s) — do(¢, s + m) oc Im[FH — Fi£] - sin (¢ — ¢s) cos ¢
+ Im[FyH — F1EE] - cos (¢ — s) sin ¢

TTSA is the only DVCS asymmetry where £ enters in leading order
As models for £ depend on J, — ASN(9 7)< is sensitive to J, |

(F1, Fy are the Dirac and Pauli form factors, calculable in QED)
(H, E, H, € are the Compton form factors, moments of corresponding GPDs)
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Measurement of DVCS

@ No recoil proton detection (1996-2005) =- missing mass technique

used

o M)%:(Pe‘i'Pp_Pe’_P’Y)z
@ SIDIS (7%) Background contribution ~ 5% estimated from MC

N/(1000*N )

E.Avetisyan (HERMES-DESY) Exclusive Overview

=
i

0.15

&S
p—t

0.05

Sum ]
elastic BH =
associated BH
semi-inclusive

Prague, July 10, 2007
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Ac Beam Charge Asymmetry

do(et,¢) — do(e™, ¢)

x Re[F1H] - cos ¢

Ac(¢) = d

T T e
go e“pld - e"yX (M<17GeV)
< 06+ (in HERMES acceptance) 4
* proton
= deuteron (prelimjnary)
04 g
__---|- Regge D-term
i Regge, no D-term
02
et 4 fac., D-term
i fac., no D-t
0 ac., no erm
02} B

6 0‘.1 012 0‘,3 0‘.4 04‘5 016 0‘,7 0.8
2
-t (Gev?)

E.Avetisyan (HERMES-DESY) Exclusive Overview

o(et,¢) +do(e™, )

)

model for proton from M.Vanderhaeghen
et al (PRD 60 (1999) 094017)

Contributions to e +d — e+ X +:

ed — edy coherent production ~ 20%
ed — epny  incoherent production  ~ 60%
ed — eA~y  associated production ~ 15%

coherent contribution enhanced at small
—t (up to ~ 40%)
neutron contribution ONLY at large —t

Prague, July 10, 2007

HERMES, Phys. Rev. D75 (2007) 011103(R)
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Ac Beam Charge Asymmetry

do(et,¢) —do(e™, ¢)

Ac(¢) =

g T T

02

-0.21-

AR R
e“pld - e"yX (M<17GeV)
(in HERMES acceptance) 4

 proton
= deuteron (prelim|nary)

P 7+ Regge, D-term
Regge, no D-term

..... ," fac., D-term
i fac., no D-term

L L L L L L L L
0 01 02 03 04 05 06 07 08

-t (GeV?)

do(et,¢) + do(e™, )

x Re[F1H] - cos ¢

model for proton from M.Vanderhaeghen
et al (PRD 60 (1999) 094017)

Contributions to e +d — e+ X + :
ed — edvy coherent production ~ 20%
ed — epny  incoherent production  ~ 60%
ed — eA~y  associated production ~ 15%

coherent contribution enhanced at small
—t (up to ~ 40%)

@ neutron contribution ONLY at large —t

HERMES, Phys. Rev. D75 (2007) 011103(R)

Regge model with D-term disfavoured by the —t-dependence of the BCAI
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Ac Beam Charge Asymmetry

do(et,¢) —do(e™, ¢)
do(et,¢) + do(e™, )

Ac(o) = x Re[F1H] - cos ¢

go ‘ ‘ e* p;d - e‘”v)(‘ (M;< 1.7‘Ge\/)‘
< 6l (in HERMES acceptance) ] @ model for proton from M.Vanderhaeghen
- proton et al (PRD 60 (1999) 094017)
= deuteron (prelimjnary)
04r + 1 @ Contributions to e +d — e+ X +:
T Eegge' D";” ed — edy coherent production ~ 20%
02 - ‘ e : ed — epny  incoherent production  ~ 60%
””” ~m o, Dtem ed — eAvy  associated production ~ 15%

i fac., no D-term

@ coherent contribution enhanced at small
— —t (up to ~ 40%)

-02F B

@ neutron contribution ONLY at large —t

L L L L L L L L
0 01 02 03 04 05 06 07 08

-t (GeV?)
HERMES, Phys. Rev. D75 (2007) 011103(R)
~ 20 times more data on tape! Updates coming soon!

E.Avetisyan (HERMES-DESY) Exclusive Overview Prague, July 10, 2007 15 / 37



A;y Beam Spin Asymmetry
1 dor(g, @) —do(e, )
Pe do(e, )+ do

Aru(e) =

06 [

e'p-e'yX (M<17GeV)
HERMES PREL. 2000 (refined)
— P1+P2sin @+ P3sin2¢

<t>=0.18 GeV?, <xz>=0.12, <Q’>=
. | . . .

P1=-0.04 0.02 (stat)
P2 =-0.18 + 0.03 (stat)
P3 = 0.00 + 0.03 (stat)

2.5 GeV?
A

-3

2 1 0 1 2 3
@(rad)

[HERMES, PRL 87 (2001) 182001]

E.Avetisyan (HERMES-DESY) Exclusive Overview

(e
(e

)

¢ ,
o Im[FH] - sin¢
o

e'p-e'yX
HERMES PRELIMINARY 2000

(refined analysis)

+ -

AT |, < 1.7 cev = -0:18 £ 0.03 (stat) + 0.03 (sys)

<t>=0.18 GeV?, <xg> = 0.12, <Q®> = 2.5 GeV*
. i

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

Prague, July 10, 2007
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A;y Beam Spin Asymmetry

1 do(e,¢) — do(e,9)
o\ e, e, .
ALU(¢) = P_ — X Im[FlH] : smqb
B do(e,¢)+do(e,0)
50.8 s_ 03
) 4 4 £2
< e'p-eyX (M<17GeV) :2(4 é'p - e'yX
06 [ fined 02 f
HERMES PREL. 2000 (efined) HERMES PRELIMINARY 2000
04 F — P1+P2sin ¢+P3sin 2¢ 01 (refined analysis)
L ’ e
4+ , ¢
o | ‘ s g 01 F
02 02 F + +
04 03 F +
P1=-0.04 £ 0.02 (stat)
06 [ P2 =-0.18 + 0.03 (stat) 04 F
08 P3=0.00 +0.03 (stat) 05 A |, < 1.7 cev = -0.18 £ 0.03 (stat) £ 0.03 (sys)
T [ <t>=0.18GeV? <xz>=0.12, <Q% = 2.5 GeV? T [ <t>=018GeV? x> =012, <Q% = 2.5 GeV?
_1 Il Il Il Il Il Il Il '06 Il Il Il Il Il Il Il Il
3 2 1 0 1 2 3 14 0 1 2 3 4 5 6
@ (rad) M, (GeV)

[HERMES, PRL 87 (2001) 182001]

The AS'"¢ moment of the asymmetry is large and negative in

the excluswe region, small and positive in the SIDIS
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A;y Beam Spin Asymmetry

1 do(e,¢) — do(e,9)
ol e e, .
ALU(d)) = P_ — X Im[FlH] : smqb
B do(e,¢)+do(e,0)
50.8 s_ 03
t ov . 2
< e'p-eyX (M<17GeV) :2(4 é'p - e'yX
oo r HERMES PREL. 2000 (efined) o2y HERMES PRELIMINARY 2000
04 F — P1+P2sin ¢+ P3sin 2¢ 01 (refined analysis)
e ’ e
4+ , ¢
o ; s g 01 F
02 F 02 F + +
04 -03 +
P1=-0.04 +0.02 (stat)
06 P2 =-0.18 + 0.03 (stat) 04 F
08 P3=0.00 £ 0.03 (stat) 05 A | < 1.7 cev = -0.18 £ 0.03 (stat) £ 0.03 (sys)
T [ <t>=0.18GeV? <xz>=0.12, <Q% = 2.5 GeV? T [ <t>=018GeV? <xg> =012, <Q% = 2.5 GeV?
_1 Il Il Il Il Il Il Il '06 Il Il Il Il Il Il Il Il
3 2 1 0 1 2 3 14 0 1 2 3 4 5 6
@ (rad) M, (GeV)

[HERMES, PRL 87 (2001) 182001]
|More data on tape! Updates coming soon!
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Longitudinal Target Spin Asymmetry Ay,

0.4
4

1 i dO‘(jS, d)) — dO‘(I__;, ¢)

Au(9) = 5=

~ PTdo(P,é) + do(P, 6)

Asin(p
Ui

0.2 [

T T T T
HERMES PRELIMINARY
e pld - e'yX (M,<17GeV)

(in HERMES acceptance)

® proton
e deuteron

0
proton (WW tw-3, b=1):
-~ fac, bs1
— fac, bg
-0.2 Regge, b0
- Regge b=1
-0.4 b
0.6 g 1 1 1 I
o 0.2 0.4 0.6 0.8
t[GeV?]

E.Avetisyan (HERMES-DESY) Exclusive Overview

o< Im[FyH] - sin ¢

|the sin @ moment in agreement with GPD models

Prague, July 10, 2007
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Longitudinal Target Spin Asymmetry Ay,
AUL(¢) — Pi . dU(Z7 ¢) — da(ia ¢)
T do(P,¢)+do(P,¢)

oc Im[FyH] - sin ¢

I3 _‘O.4 T T T T T & 0.4 T T T T
=] HERMES PRELIMINARY £ 3 HERMESPRELIMINARY
< € pid - €yX (M,<17GeV) < & B/l - eyX (M, <L7Gev)
02 1 (in HERMES acceptance) i 02 | (in HERM ES acceptance)
: = proton ) = proton
e deuteron e deuteron +
proton (WW tw-3, b=1): # proton (b,=1, b&=1):
- fac, bs1 - Regge, W tw-3
— fac, bg Regge, no tw-3
-0.2 | Regge, b0 0.2 - fac, Wtw-3 o
-+ Regge, b1 — fac, notw-3
-04 - q -0.4 q
06 e I I | 0.6 e I I
) 0.2 0.4 0.6 0.8 T o 0.2 0.4 0.6 0.8
t[GeV?] t[GeV?]

|the sin @ moment in agreement with GPD models

|unexpected|y large sin 2¢ moment! twist-3 GPDs?
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Longitudinal Target Spin Asymmetry Ay,
1 X dU(P7¢)_dU(P7¢)

AUL(¢) = P_ = = X Im[FlH] - sin ¢
T do(P.¢)+do(P,9)
I3 40.4 T T T T T K 0.4 T T T T
@D HERMESPRELIMINARY £ 3 HERMES PRELIMINARY
< ¢ Bid - e'yX (M,<L7GeV) < & Bl - €yX (M, <L7Gev)
02 L (in HERMES acceptance) i 02 (in HERMES acceptance)
’ = proton : = proton
e deuteron ® deuteron +
0 ll I
.ﬁ + proton (b,=1, b=1):
- Regge, WWtw-3
Regge, no tw-3
-02 - fac, Wtw-3
fac., no tw-3
0.4 - B 0.4 4
K I . el ' ' |
0.6 0 0.2 0.4 0.6 0.8 5 06 0 0.2 0.4 0.6 0.8 )
-t [GeV?] -t [GeV?]

the sin  moment in agreement with GPD models

unexpectedly large sin 2¢p moment! twist-3 GPDs?
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Transverse Target Spin Asymmetry Ayt

1 do(PT,¢,¢s5) — do(PY, ¢, ¢s)

ATI099) = B Ga(PT, 6,05) T do(PY, 6, 6s)
o«  Im[FH — F1&]sin(¢ — ¢s) cos ¢ + Im[FyH — F1£E] cos(¢p — ¢s) sin ¢

% Fri----f---- L1 Speeeee o ot Rt 3 Im[FH — F€&
g o4t + i +++ } +++ } 5 oc Im[F 1€]
“p -04F + S ¥ E

-06F i Ed ] N N
s of T L o Im[FRH — FrE€]
A1 TR N te -,++++ ,,,,,,,,
?_ 0.2F + + ++ ¥ ]
52 0af i 1 :

-06F ¥ Ed ]

0 025 0.5 0O 01 02 03 0 25 5 7.5 10
-t (GeV?) Xg Q? (GeV?)
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Transverse Target Spin Asymmetry Ayt

s fHERMES ~ T T O LT T ETTTTTTTT
g ozplERMARL, §oCRaRd ¥ ;
& o x Im[FoH — F ]
E5 oaf -
< “F o
E e | ~ ~
g 0.25 I + + LOC Im[FZH - Flig]
ﬁ” 0 ;+‘+i‘\munn- emasar B L -
S £
2 o2y o F o Fh 3,20 E
L 04 3 E R
-0.6F - + (hep-ph10506264) ]
[ pre— - :
0 025 05 0O 01 02 03 0 25 5 7.5 10
-t (GeV?) Xg Q? (GeV?)
sin(¢p— cos ..
° AUT(¢ ¢s)cos ¢ found much more sensitive to J, then others

@ insensitive to Jy, assumed Jy = 0 (supported by lattice QCD)
@ allows a model-dependent constrain
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Total Angular Momentum - Ji sum rule

=3

= | HERMES 2002-04 e p” - e*yX (-1.5 GeV<M,<1.7 GeV)
L AT @RIOP_ g 146 + 0.055(stat) + 0.041(syst+acc)
B <t>=0.12 GeV?, <x>=0.095, <Q’> = 2.5 GeV/’
0.8 L GPD Model: LO/Regge/D-term=0
L [Goeke et al., Prog.Part.Nucl.Phys.47(2001),401]
- Code: VGG [Vanderhaeghen et al., priv. comm.]
0.6F YN, /2.9 66
- ~ 0
L '421 0
.21
0.4 )
A lo) %
L . 0'06 (bVG(E
- Vs
- le)
0.2
- [l Lattice QCDSF 3" (= 4GeV %)
i stat. uncertainty only [PRL92(2004),042002]
0\\\\\\\\\\\\\\\\\\\\\\\\\\\vI...I...

'
[y

-08 -06 -04 -02 -0 0.2 0.4 0.6 0.8 J 1
d

@ data fitted against the model
@ J, and Jy as free parameters

@ First model-dependent constrain on linear comnbination of J, and Jg!
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Total Angular Momentum - Ji sum rule

3
= + HERMES 2002-04 e'p” - e'yX (-1.5 GeV<M,<1.7 GeV)
L ATT@RIC P g 146 + 0.055(stat) + 0.041(syst+acc)
o <t>=0.12 GeV?, <x>=0.095, <Q’> = 2.5 GeV’
0.8 GPD Model: LO/Regge/D-term=0
L [Goeke et al., Prog.Part.Nucl.Phys.47(2001),401]
- Code: VGG [vanderhaeghen et al., priv. comm.]
0.6F U 12906
L Y=
L '42-4- )
- (e)(p
0.4 o)+ 0
L g 6(bl/c%
- Vs
- ly)
0.2
- Il Lattice QCDSF 3 (1= 4GeV %)
B stat. uncertainty only [PRL92(2004),042002]

< Data from 2005 to be added - double statistics! =

Jy

@ data fitted against the model
@ J, and Jy as free parameters

@ First model-dependent constrain on linear comnbination of J, and Jg!
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Total Angular Momentum - JLAB neutron data

Jg ! HERMES
DVCS (proton)

Preliminary
hep-ex/0606061

0.8

JLab Hall A
DVCS (neutron)

0.6 Preliminary

0.4

i Lattice QCDSF
-0.2 PRL2 (2004), 042002

-0.41 :
GPD Model : |
Goeke et al., Prog. Part. Nucl. Phys. 47 (2001), 401
-0.6~ Code VGG (M. Vanderhaeghen, P.A.M. Gunchion and M. Guidal)

| T S A N
-1 -08 -06 -04 -02 -0 02 04 06 08
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Exclusive Vector Meson (p,w,¢) Production

GPD model

odel
o
QZ

To

o
0
@ p” - probe quark and gluon @ Describes the production and
contents of the nucleon decay of Vector Mesons (no
@ ¢ - probe gluonic contents of information on nucleon

the nucleon structure)
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/

Exclusive production: (e e’ pp?
p (ep — €'p)
-

T

@ no recoil detection in the analyzed sample

@ exclusive p® sample through the energy and momentum transfer:

N\

AE = MM t'=t—t
2M, 0
HERMES PRELIMINARY
. " T : i T
g g
5 + e data glooo = w ]
40 - - - Pythia6 MC w 4
+ 4 4
800 4 ; g
30 b t ++
600 x §+ g
4
20 “+
400 - i ' B
o & "
10 \ *u,
200 |- ' ", R B
J 0 v ",
| =, i DA
o La%h ‘ ‘ See. o fp L b
0 5 10 15 05 06 07 08 09 1 11
AE (GeV) M, (GeV)
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Advantage of TTSA in p° production

@ E is kinematically not suppressed
@ access to gluon GPDs
@ linear dependence on GPDs:
ooy E Eq+E
ur H  Hq+ Hy

@ all the calculations:

E,=E,+Ey E;=0

@ TTSA allows access to E
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L/T separation of the v*p X-section

| Factorisation proven for 7, longitudinal photons only! I

do(¢, ¢s) = 00 + 01|S 1| sin(¢ — ¢s) + 02|§¢|§ sin(¢ + @s)...

oj: different dependences on cos 6

~doj(y*'p — nt 7 p)

g d(cos6)

g 3cos? 0 B

H >—0i(v"p = pLp)
% 3sin2 6 N

: o+ 7o' = p7p)
g

"Under the assumption of SCHC a

0

p(z,pT is equivalent ~, T separation

E.Avetisyan (HERMES-DESY) Exclusive Overview

;o
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Rest Frame
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p® TTSA with L/T separation

0.5

-
2

ASN (©0)

-0.5
0.5

E.Avetisyan (HERMES-DESY) Exclusive Overview
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£t ® }1 L i3
"_T_.‘\ I R
N, -ep’Dep Pl
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!iIleIl}f
E 7‘ T 7““\“‘ |
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hE Y Ry
o — o o
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Comparison with model

) )
g HERMES PRELIMINARY g HERMES PRELIMINARY
= 50.4 = epOe Pﬁ p £ 50.4 r ep’Oe Pﬁ p
< Eur. Phys. J. C 46, 729-739 (2006) < Eur. Phys. J. C 46, 729-739 (2006)
02 r
0 7z
I M=o J' =0
02 - -02
04 <Q?>=2.0GeV? 04 T <Q? >=2.0GeV?
<t'> =0.13GeV? <x>=0.09
_0'6 L L L _0'6 L L L
0 0.05 0.1 0.15 0.2 0 0.1 0.2 0.3 0.4
2
-+t (Gev?

o data favours positive J,, assuming J; =0

@ work in progress for a J, constraint

E.Avetisyan (HERMES-DESY) Exclusive Overview Prague, July 10, 2007 26 / 37



Exclusive 7™ Production

GPD model Regge model
+
T

T’i‘
Y*L.! s
’ /w\n

@ information about partonic
structure of the nucleon
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Exclusivity for ep — €'nt(n)

M)% = (Pe + P, — Pe — P,T+)2

7 | exclusive 7% | VM, | SIDIS
T | | VM, | SIDIS

@ﬂ g )dats _ (et _ o )MC

o m — 71~ yield difference was used
to subtract the non exclusive

® data
++ + — PYTHIAMC

)data - (N - NHA)F‘VTHIA

i background
= °5 1 "ﬁ,' T @ exclusive peak centered at the
é: AE, L \T\‘ L1 nucleon mass
£ -2 0 2 4 8
Mg (GeV’) @ exclusive MC based on GPD model

E.Avetisyan (HERMES-DESY) Exclusive Overview Prague, July 10, 2007 28 / 37



Exclusive 7™ Production Cross Section

N e L i HERMES -PRELIMINARY
uncorrected for fadiative effects (_5
102 A3
(]
[ )
o) A -
c A [ ]
— h X
o
6 10 " ? . " -
1 i = !
A 002<x<0.18
1 8 0.18<x <026
B 026<%<0.80 (—\
0 2 4 6 8 10 =
Q (Gev?)
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Exclusive 7™ Production Cross Section

=
>
I
m
X
E

m
»

17}

Y P RELIMINARY
uncorrected for radiative effect Otot = 0T + €0

@ L/T separation not
possible

@ HERMES kinematics:
0.80 < €< 0.96

.| 4 0ozcx<one @ o7 suppressed by 1/Q?

@018 <x <026

R S RO B o, dominates at large
0 2 4 3 8 10 L g ——

Q* (Gev?)

10

> e

1o

Oyt (Nb)
»
Lo

o
o
ian. onl
-Hom
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Regge Model

VAN O ll‘ll HERMES PRELIMINARY

N uncorrected for radjative effects
¢ Aoh) Otot =0T + €0

>
it

ErAT0:024%<0:18
@ 0,18<%<0.26
W 0.26<x<0.8
n o, REGGE

=== 0 REGGE
L

G, (nb)
=
o
T
s
'/
Y/
Y/
1]
1
1

1

0-REGGE

e e e e 1

-J.M. Laget (2004)-
Model predicts

@ small contribution from o1
@ 0| | Otor
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GPD model

VD A HERMES PRELIMINAR
Y-pes-TE-h HERMES-PRELIMINARY
uncorrected for fadiative effects
102 A g
- 5
5 Aot
= A N
— <
o ? i
2
o 10 i %
& 1

oo -
A 0.02<x<0:18 o F T ~ d ~
& 018<x<0.26 4 access to H and £

B 0.26 <x <0.80

1
0 IVGGILO
..... O'L VGG: LO+power. carrections.
0 2 4 6 8 10

Q@ (Gev?)

-Vanderhaeghen, Guichon, Guidal (1999)-

@ LO calculations underestimate the data

@ Evaluation of the power correction (k. and soft overlap) appears too
large
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GPD model

Vhodtn HERMES PRELIVINAR
A S 1 i) HERMES PRELIMINARY
uncorrected for radiative effects
102 A.i0d
-
— A 2
2 iy
£ i R,
- e b
o il ~.
o 10 1 ? L S
® £ e
A 0.02<x<0:18 T o ~ ~
® 0.18<x<026 * access to H and E

B 0.26<x<0.80

OVEEILo
VGG

----- 0, VGG: LO+power corrections
RdshidutaAE b oS S

/h-
- Paper arXiv:0707.0222 submitted to PLB!

-Vanderhaeghen, Guichon,Guidal (1999)-

@ LO calculations underestimate the data

@ Evaluation of the power correction (k; and soft overlap) appears too
large
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The Recoil Detector Upgrade!
1996-2005 - no recoil nucleon detection

f FIELD CLAMPS j TRIGGER HODOSCOPE H1

DRIFT CHAMBERS _.-- 270 mrad

PRESHOWER ) _ _

=7 140 mrad
DRIFT

| '/ : A 7-A ii | i
- H . g LUMINOSITY 27. 5 GeV

ot--EF-o---ea - A - - == == - - - - - - - - - - -ZEEio--------
TARGET ™~ - _ MONITOR
CELL -~ f s
_ HODOSCOPE HO

- CALORIMETER

B34 = - - 140 mrad

STEEL PLATE

Cerenkov ™ ~ -
T ~~_ 270 mrad
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The Recoil Detector Upgrade!
2006-2007 - RECOIL detector!

m f FIELD CLAMPS j

DRIFT CHAMBERS \
Recoil DRIFT
1 Detector CHAMBERS

TAR

GET
CELL STEEL PLATE BC 3/4

ii T
MONIT0R27 5 GeV
-1 HODOSCOF’ HO | i

TRIGGER HODOSCOPE H1

- 270 mrad

PRESHOWER ) _ -

140 mrad

T

N CALORIMETER

0 mrad
-2 ‘\\“\~\270mrad
T MAGNET
T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 9 10
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The Recoil Detector Upgrade!

Iron Shielding

Cryostat
SC Coils

SciFi
Connector Plate

imator

ctor
J

ctor
ctors

Photon
Detector

SciFi
Detector

Silicon
Detector

Target Cell

Flange

[

Tesla Superconducting Solenoid
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The Recoil Detector Upgrade!

Iron Shielding

Cryostat
SC Coils

SciFi
Connector Plate

Photon
imator Detector
SciFi

ctor Detector

J

Silicon
ctor Detector
ctors

Target Cell

Flange

o=

Tesla Superconducting Solenoid
oton Detector

@ 3 Layers of Tungsten /Scintillator
@ PID for higher momenta
@ detects A — prd
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The Recoil Detector Upgrade!

Iron Shielding

Cryostat
SC Coils

SciFi
Connector Plate

imator

ctor
J

ctor
ctors

Photon
Detector

SciFi
Detector

Silicon
Detector

Target Cell

Flange

Tesla Superconducting Solenoid
oton Detector

o=

@ 3 Layers of Tungsten /Scintillator
@ PID for higher momenta

@ detects A — pr0

Scintillating Fiber Detector

o

2 Barrels

2 Parallel and 2 Stereo Layers in each

o
barrel

@ 10° Stereo Angle

o

Momentum reconstruction & PID
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The Recoil Detector Upgrade!

Iron Shielding

o=

Cryostat
SC Coils

SciFi
Connector Plate

Photon

G
imator Detector S
SciFi

ctor Detector

J

Silicon
ctor Detector
ctors

Target Cell

Flange Si

Tesla Superconducting Solenoid
oton Detector

@ 3 Layers of Tungsten /Scintillator
@ PID for higher momenta
@ detects A — pr0
intillating Fiber Detector
@ 2 Barrels

@ 2 Parallel and 2 Stereo Layers in each
barrel

@ 10° Stereo Angle
@ Momentum reconstruction & PID
icon Detector
16 doublesided sensors
10 x 10 cm active area
2 layers

Inside beam vacuum

006 0e6¢

Momentum reconstruction & PID
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Recoil PID

SciFi tracker

Energy Deposit [P.E.]
= = N N w w B B
o o o (o o a o o
o o o o o o o o
= HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH

o
o

L1 | |
-0.5 0 0.5
Reconstructed Momentum [GeV/c]

whon b b b b b v b B

=l

Energy deposition in individual layers allow p, 7 identification!

E.Avetisyan (HERMES-DESY) Exclusive Overview Prague, July 10, 2007 34 /37



DVCS with Recoll

%0 12 [ Without Recoil Detector %0.06 r With Recoil Detector
= F = F and all Cuts
o1 | * 005
o | F
008 [ n 004 [
1A -
[ Al E
006 Wl 003
s V l E [ MC total
ooa 1 / 1 002 b I sHDVCS
r ’ 1 E [ BHIDVCS with &
. E
002 | //‘ i 001 | =exc\usive i
N 1 )| = £ semi-inclusive / VMs
W %000 o
0 20 40
M,2 [GeV]

@ Direct measurement of the recoil proton momentum
@ Reduction of semi-inclusive background
@ Suppress background from associated BH A — pr®°

@ Will re-evaluate pre-recoil data background contribution
(currently MC-based)
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Recoil Data

DIS 2006 (vs. day)

x10 %,
2000 |- ele
[ — aiH 7384690 20151104
F H (Recoil Mag. on) 7208763 20117192
1750 | :
F H (High density) 1834379} 6410368
1500 F —— aip 1447585
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S50 [ O (Highdensiy) 113779
3 [ :
4] r '
a L
51000 |-
] L
3 r
§ L
S 750 |
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Number of DIS events

x104
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1750
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N
a
<3

1000

~
a
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500

250

DIS 2007 (vs. day)

e

— alH 19208384
rrrrr H (Recoil Mag. on) 19206896
H (High density) 5828864

— aliD 4910049
rrrrr D (Recoil Mag. on) 4910049
D (High density) 44454

0 20 40 60 80 100 120 140 160 180

Day of Data Taking

2007/07/02 21.03

> 60M DIS events collected with Recoil detector on Hydrogen!
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