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Probabilistic interpretation of GPDs

: M

02>>, t<<

4 GPDs defined for each quark flavour:
=—mp CONSErve nucleon helicity

E ==mp  flip Nnucleon helicity

b

H

J unpolarized
Described by 3 variables: x, &,t X#Xpg
X+& longitudinal momentum fraction of the quark £ Xg
o . 2— X
—2& exchanged longitudinal momentum fraction t=—(N BI\I 2
t sguared momentum transfer

GPDs = probability amplitude for N to emit aparton x+&
and for N'to absorb it x—¢




Accessto GPDs

wide angle

deeply virtual Compton
Compton scattering
scattering

timelike
Compton
scattering

orbital angular
- momentum
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exclusive deep inelastic
meson production scattering
deep virtual / large ¢ PDFs

v

Quantum numbers of final state selects different GPDs

> vector mesons (P, w,®) —> unpolarized GPDs:;

HE
> pseudoscalar mesons (T,n) —> polarized GPDs: HE

Factorization for longitudinal photons only




The Spectrometer
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* fixed target experiment
* forward spectrometer
* N0 recoil detection
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* Acceptance:  40mrad<6<140mrad

® Tracking: §P./P.<2% ,50<0.6nmrad

* Particle identification:

+ TRD,Calo,Preshower: hadron/lepton separation:
£ > 99 %o

+ Rich: hadron identification (p, 77K)




Cross-section of Exclusive Vector Mesons




Exclusive Vector Meson Selection ep=€'V(p)

p - b— K K’

* NO recoil detection
* exclusive p” and grreaction through the energy and momentum transfer:
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o, | o Separation

e GPD calculations only for longitudinal
component of the cross-section (o, ):

where ¢ - polarization of y

* Assuming SCHC
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e quaks and gluons: at the same
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dominated by quark exchange
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gluon exchange
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gluon contribution and quark-gluon interference can not be neglected
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\ Ellinghaus, Nowak, Vinnikov, Ye(2005) \

parametrizations for: HY H° E®, no hint for E°

factorizes GPD model Regge GPD model
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* the calculation overshoots the experimental data
e K Is not taken into account

e quark and gluon amplitudes have to be scaled down in a similar proportion,
afactor of 5 suppression of the cross section

Experiment

* provide new results with higher statistics




Transverse Target Spin Asymmetries (TTSA)




| Frankfurt, Polyakov, Strikman, Vander haeghen (2000) |

TTSA of Exclusive & and p’

ep—e' m'n

Transverse spin asymmetry

0.7

04 2\ 2\ a2

-t=0.1GeV* \ t=0.3GeV" +=05GeV
0.2 \ \\
2 2
027 Q~2-4Gev™ |
\\“\

01 1 1 \ 1 1
0.05 0.15 0.25 0.35 0.45
X_bj

* [inear dependence on GPDs
* higher order corrections cancel
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TRANSVERSE SPIN ASYMMETRY
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* E iskinematically not suppressed

* TTSA promising observable which

allow an accessto E
* E related to J¥ through Ji sum rule




TTSA of Exclusive p’

T
AUT = E Atheor

1 N'(¢p—¢p)—N'(p—o,)
AUT<(I)_(I)S>_|P| NT((I)_(I)S)+Nl((I)_(I)S)
A (=)= ATT?"*)-sin(p— )+ const

0.3 [

HERMES PRELIMINARY
0.2 - eplde p0 p

el
oL

02 [ AT (#99=0.046 £ 0.037

A (@9,)

<x >=0.09 <Q?>=206GeV? <-t'> =0.13 GeV?
_0.3 L e e e b e by
0 1 2 3 4 5 6

@@, (rad)




Kinematic Dependences
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<103 Integrated DIS HERA Run Il (polarized)
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BACKURP:Geometrical interpretation of GPDs

q(x,b,)= A;H<x,z=o,—£i>ei“i [a(x,b,)d?b,=q(x)

Sarbon dize X transverse position
resolved i'“ 'y of the active parton

the process

o= 0.4
£=0.0

™

transverse <t=llfm

momentum of the

transverse center of : final nucleon

- -
momentum of the : b = X b
by courtesy of J.P. Ralston & M. Diehl 1 | ™~1
{redrawing: K. Jakoh) o

initial nuecleon




BACKURP:Geometrical interpretation of GPDs

the general case: ¢#0, by M.Diehl

—— xZ transverse position
1Al to S17e ) )

seanleid b 'y of the active parton
‘esolved s

the process

transverse center of
momentim of the
final nucleon

transverse center of

momentum of the
viwg hy courtesy of J.P. Ralston & M. Diehl
]']'H‘I]“'l “”tlit.‘”“ (redrawing: H. Jakob)




BACKUP:Limiting cases and sum rules

Forward [imit (t—0,£—0)
H%x,0,0) = q(x) H%x,00) = Aq(x) forx>0
HYx,0,0) = —g(—x) H%x,0,0) = Ag(—x) for x<0
H®%(x,0,00 = xg(x) H%(x,0,00 = xAg(x) for x>0

E9 E9 E9 EY et *No Co_rr_espondln_g relatlor)s
e arevisible only in exclusive processes

Sum rules

THQ(X,E,t)dX=F?(t) TEq(X,E,t)dX=F§(t)

+1 +1

[ R Hax=gh(t) [ Ex & )ax=h}(1)

-1 -1

J sum rule

30% (DIS)
+1

JIH(E t=0)+E(x,E t=0)xel| =545+ L,




