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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:

1

2

∫ 1

−1

dx x [H(x, ζ, t) + E(x, ζ, t)]
t→0
=

1

2
∆Σ + ∆Lq
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Factorization theorem

t

−2ξ

x + ξ x − ξ

Q2 ≫, t ≪

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
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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)
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no model for Eg

expectation: Eg is not large

∫ 1

0

dx Eg +
∑

q

∫ 1

1

dx xEq = 0

’passive’ gluons: Eg = 0
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Advantage of TTSA

higher order corrections in αs

cancel

linear dependence on GPDs:

A
sin(φ−φs)
UT ∼

E

H
∼

Eq + Eg

Hq + Hg

E is kinematically not
suppressed

TTSA promising observable
which allow an access to E
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Available theoretical predictions

γ*
L + p → ρ0

L + p
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quark exchange
dominance

Trento convention:

AUT = −
π

2
Athoer.
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Available theoretical predictions
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+

the results are scaled by a factor of π/2 (Trento convention)

-Ami Rostomyan- – p.7



Exclusive production: ( ep → e′pρ0)
ւց

π+ π−
no recoil detection

exclusive ρ0 sample through the energy and momentum transfer:

ւ ց
∆E =

M2

x−M2

p
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Definition of TTSA
The differential cross section of exclusive ρ0 production:

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

sin(φ − φs) dependence of the cross section appears in the
transverse spin asymmetry:

A =
1

|~S⊥|

∫ π

0
σ(φ − φs)d(φ − φs) −

∫ 2π

π
σ(φ − φs)d(φ − φs)

∫ 2π

0
σ(φ − φs)d(φ − φs)

=
2σ1

πσ0

Experimentally the asymmetry is defined:

AUT (φ, φs) =
dσ(φ, φs) − dσ(φ, φs + π)

dσ(φ, φs) + dσ(φ, φs + π)
=

σ1

σ0

AUT (φ − φs) = A
sin(φ−φs)
UT · sin(φ − φs) + constant
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Definition of TTSA

Experimentally the asymmetry is defined:

AUT (φ, φs) =
dσ(φ, φs) − dσ(φ, φs + π)

dσ(φ, φs) + dσ(φ, φs + π)
=

σ1

σ0

AUT (φ − φs) = A
sin(φ−φs)
UT · sin(φ − φs) + constant
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 A
UT

sin  (φ-φs )=0.046 ± 0.037

A
sin(φ−φs)
UT = 0.046 ± 0.037

Factorization theorem for ρ0
L only!
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L/T separation of the γ∗p X-section

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

ւց
σT + ǫσL

-Ami Rostomyan- – p.10



L/T separation of the γ∗p X-section

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

ւց
σT + ǫσL

unpolarized X-section:
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L/T separation of the γ∗p X-section

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

ւց
σT + ǫσL

unpolarized X-section:

σL =
R

1 + ǫR
σ

R =
σL

σT

assuming SCHC

R =
1

ǫ

r04
00

1 − r04
00

r04
00 → W (cosθ)

10% deviation
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L/T separation of the γ∗p X-section

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

ւց
σT + ǫσL

unpolarized X-section:

σL =
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L/T separation of the γ∗p X-section

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

ւց
σT + ǫσL

Im(σ+−

++ + ǫσ+−

00 )

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

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

ւց
σT + ǫσL

Im(σ+−

++ + ǫσ+−

00 )

տր

σij
mn: different dependences on cos θ

dσij
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=
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2
σij

mn(γ∗p → ρ0
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L/T separation of the γ∗p X-section

dσ(φ, φs) = σ0 + σ1|~S⊥| sin(φ − φs) + ...
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σij
mn: different dependences on cos θ
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L/T separation of the γ∗p X-section

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

ւց
σT + ǫσL

Im(σ+−

++ + ǫσ+−

00 )

տր

⇓
assuming SCHC also for the transversely polarized target ⇒ true?

dσ(φ, φs, cos θ) =
3ǫ

2
σL

(

1 + AL sin(φ − φs)
)

cos2 θ

+
3

4
σT

(

1 + AT sin(φ − φs)
)

(1 − cos2 θ)
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Im(σ+−
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TTSA and L/T separation

L+T

AUT (φ, φs) =
dσ(φ, φs) − dσ(φ, φs + π)

dσ(φ, φs) + dσ(φ, φs + π)

= A
sin(φ−φS)
UT · sin(φ − φS) + constant

L/T

AUT (φ, φs, cos θ) =
dσ(φ, φs, cos θ) − dσ(φ, φs + π, cos θ)

dσ(φ, φs, cos θ) + dσ(φ, φs + π, cos θ)

= sin(φ − φs)
2ǫRAL cos2 θ + AT (1 − cos2 θ)

2ǫR cos2 θ + (1 − cos2 θ)
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Results
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L/T separation has not yet been done

transverse component is suppressed at high Q2

within the statistical errors in agreement with theoretical calculations

the statistics is not yet enough to make a statement about Ju
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New results are coming soon
Integrated DIS HERA Run II (polarized)
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