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Access to GPDs

GPDs

orbital angular

momentum

transverse localisation

form
factors

wide angle
Compton
scattering

deep inelastic
scattering
PDFs

exclusive
meson production
deep virtual / large t

deeply virtual
Compton
scattering

timelike
Compton
scattering

pp̄ annihilation

γγ → ππ, . . .

⇓
vector mesons (ρ, ω, φ): unpolarized GPDs: H, E

Ji sum rule: - Ji,PRL 78 (1997) 610 -
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∫ 1

−1

dx x [H(x, ξ, t) + E(x, ξ, t)]
t→0
= Jq =

1

2
∆Σ + Lq
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Factorization theorem

t

−2ξ

x + ξ x− ξ

Q2 large, t small

-Collins, Frankfurt, Strikman (1997)-

x + ξ longitudinal momentum fraction of the quark

−2ξ exchanged longitudinal momentum fraction

t squared momentum transfer

Factorization for longitudinal photons only

Suppression of transverse component of the X-section:
σT

σL
∼

1

Q2

for HERMES kinematics ( < Q2 >= 2 GeV2 ):

R =
σL

σT
≈ 1
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Advantage of exclusive ρ0 production

gluons and quarks enter at the same order of αs

gluon GPDs can be probed (for xB < 0.2)

no model for Eg
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expectation: Eg is not large

- Diehl (2003) -
∫ 1

0

dx Eg +
∑

q

∫ 1

−1

dx xEq = 0

Eu ≈ −Ed

Es - small

Eg = 0: ’passive’ gluons
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Advantage of TTSA

higher order corrections in αs

cancel

E is kinematically not
suppressed

linear dependence on GPDs:

A
sin(φ−φs)
UT ∼

E

H
∼

Eq + Eg

Hq + Hg

all the calculations:

Eq = Eu + Ed Eg = 0

Transverse target spin asym-
metry (TTSA) is promising
observable which allow an
access to E
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Available theoretical predictions

γ*
L + p → ρ0
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Alternative theoretical predictions

quark and gluon exchange mechanisms are taken into account

+

all following plots use Trento conventrion

Eg = 0, Hg 6= 0
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Definition of TTSA
The asymmetry defined w.r.t. the virtual photon direction:

A
γ∗

UT (φs) =
1

ST

dσ(φ, φs)− dσ(φ, φs + π)

dσ(φ, φs) + dσ(φ, φs + π)

The asymmetry defined w.r.t. the lepton beam direction:

Al
UT (φs) =

1

PT

dσ(φ, φs)− dσ(φ, φs + π)

dσ(φ, φs) + dσ(φ, φs + π)

ST =
cos θγ

√

1− sin2θγ sin2φS

PT

SL =
sin θγ cosφS

√

1− sin2θγ sin2φS

PT

l
q

θ
z’

l’

z

x

lepton plane

x’

PT Al
UT (φs) = ST A

γ∗

UT (φs) + SLA
γ∗

UL
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Polarized Cross Section
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-Diehl, Sapeta (2005)-

X-section decomposition in terms of:

σ
ij
mn (γ∗p → ρ0p)

virtual photon helicity: m, n = 0,±1

proton spin state: i, j = ±( 1

2
)
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L/T separation of the γ∗p X-section

dσ(φ, φs) = σ0 + σ1|~S⊥| sin(φ− φs) + σ2|~S⊥|
ǫ

2
sin(φ + φs)...

ւց
σT + ǫσL

ℑ(σ+−

++ + ǫσ+−

00 )

տր

σij
mn: different dependences on cos θ

dσij
mn(γ∗p→ π+π−p)

d(cos θ)
=

3cos2 θ

2
σij
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3sin2 θ

4
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-
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TTSA and ρ0
L/ρ0

T separation

Angular distribution W (PT , cos θ, φ, φs) can be written in terms of
asymmetries:

W (PT , cos θ, φ, φs) ∝
[

cos2 θ r04
00

(

1 + AUU,ρL
(φ) + PT Al

UT,ρL
(φ, φs)

)

+

1

2
sin2 θ (1− r04

00)
(

1 + AUU,ρT
(φ) + PT Al

UT,ρT
(φ, φs)

) ]
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TTSA and ρ0
L/ρ0

T separation

Angular distribution W (PT , cos θ, φ, φs) can be written in terms of
asymmetries:
W (PT , cos θ, φ, φs) ∝

[

cos2 θ r04
00

(

1 + AUU,ρL
(φ) + PT Al

UT,ρL
(φ, φs)

)

+

1

2
sin2 θ (1− r04

00)
(

1 + AUU,ρT
(φ) + PT Al

UT,ρT
(φ, φs)

) ]

where AUU (φ) and Al
UT (φ, φs) are parametrized as:

AUU (φ) = A
cos(φ)
UU cos(φ) + A

cos(2φ)
UU cos(2φ)
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The HERMES spectrometer
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Exclusive production: ( ep→ e′pρ0)
ւց

π+ π−
no recoil detection at this time

exclusive ρ0 sample through the energy and momentum transfer:

ւ ց
∆E =

M2
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Asymmetry extraction

Asymmetries are extracted with Unbinned Maximum Likelihood fit

W (PT , cos θ, φ, φs) ∝
[

cos2 θ r04
00

(

1 + AUU,ρL
(φ) + PT Al

UT,ρL
(φ, φs)

)

+

1

2
sin2 θ (1− r04

00)
(

1 + AUU,ρT
(φ) + PT Al

UT,ρT
(φ, φs)

) ]

2× 6 = 12 free parameters for Al
UT,ρL/ρT

AUU,ρL/ρT
(φ) terms are obtained from SDMEs: r5

00, r
5
11, r

1
00, r

1
11

in leading twist:

A
γ∗ sin(φ−φs)
UT,ρL

= − 1
ST

σ+−

00,ρL

σL,ρL
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Systematic Uncertainty

Considered sources of systematic uncertainty:

the target polarization

the uncertainty of BG correction

the accuracy of the measured unpolarized SDMEs

the beam polarization

the extraction method
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Results
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Comparison with theory
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data faviours positive Ju

more effort is needed to make a statement about Ju

←
Ju = 1
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Summary

for the first time the TTSA of exclusive ρ0 mesons is extracted
separately for ρ0

L and ρ0
T

under the assumption of SCHC, is equivalent to γ∗

L, γ∗

T , separation

data faviours positive Ju

in agreement with DVCS results from HERMES

see A. Mussgiller’s talk

rapid developments in theory, results will be available soon

together with model predictions will allow to draw a conclusion
about Ju
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