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Nucleon tomography
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Reducing Wigner distributions

Fast forward from the Wigner function to the GPD’s

ŴΓ(~r , k) = Tr(ΓW (r , p))

⇓

WΓ(~r ,~k) =

∫ dk−
(2π)2 ŴΓ(~r ,k)

⇓

f̃Γ(~r ,k+) =

∫ d2~k⊥
(2π)2 WΓ(~r ,~k)

=

∫ d3~q
(2π)3 e−i~q~r FΓ(x , ξ, t)
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Decomposition to GPDs

We select for the leading twist Γ = γ+, γ+γ5, σ
+⊥γ5. The decomposition

introduces the generalized parton distributions (GPDs).

Fγ+ (x , ξ, t) =
1

2p+
U(~q/2)[H(x , ξ, t)γ+ + E(x , ξ, t)

iσνqν
2M ]U(−~q/2) (1)

Fγ+γ5 (x , ξ, t) =
1

2p+
U(~q/2)[H̃(x , ξ, t)γ+ + Ẽ(x , ξ, t)

iσνqν
2M ]U(−~q/2) (2)

Fσ+jγ5 (x , ξ, t) =
1

2p+
U(~q/2)[HT (x , ξ, t)σ+µγ+

5 + H̃T (x , ξ, t)
iε+jµνqµPν

M2 (3)

+ ET (x , ξ, t)
iε+jµνqµγν

2M + ẼT (x , ξ, t)
iε+jµνPµγν

M ]U(−~q/2)
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The DVCS process
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Mixing of DVCS and BH

dσ ∝ T 2 = T 2
DVCS + T 2

BH + T ∗DVCSTBH − T ∗BHTDVCS︸ ︷︷ ︸
I

For example For small x regions can be approximated

and

Compton form factors (CFF) that are a convolution in t ⊗ ≡
∫

dt(H1

E1

)
(ξ,Q2

,∆2) = T1(t, ξ,Q2
, µ

2)⊗
(H

E

)
(t, ξ,∆2

, µ
2)

(H̃1

Ẽ1

)
(ξ,Q2

,∆2) = T1(t, ξ,Q2
, µ

2)⊗
(H̃

Ẽ

)
(t, ξ,∆2

, µ
2)
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Fourier Coefficients
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Accessing CFFs

Access through asymmetries Axy x:beam polarization, y:target polarization

ALU(φ, el ) =
σLU(φ, el , λ = +1)− σLU(φ, el , λ = −1)

σLU(φ, el , λ = +1) + σLU(φ, el , λ = −1)

=
1

σUU(φ, el )

[
KDVCSsDVCS

1 sinφ− el
KI
∑2

n=1 sIn sin(nφ)

P1(φ)P2(φ)

]

and

ALU(φ) ∼ ±xB

y
sI1

cBH
0

sin(φ) ∝ Im

{
F1H+

xB

2− xB
(F1 + F2)H̃ − ∆2

4M2 F2E
}

sin(φ)
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HERA @ DESY
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HERMES @ HERA
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The HERMES Detector
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The “traditional” Analysis

Exactly one charged object
tracked (lepton)
Only one photon cluster in
the calorimeter (photon)
Missing Mass cut:
M2

x = (e + p − e′ − γ)2

Asymmetry fit performed by minimizing:

−lnLELM = −ΣN
i ln[1 + ηi AC (xi ; θ) + Pi ADVCS

LU (xi ; θ) + ηi Pi AI
LU(xi ; θ)] + N(θ)
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Beam helicity asymmetry

Integrated Over All Kinematics
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Beam charge asymmetry
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The Hermes Recoil detector
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Advantages of the Recoil detector

C0 = px ,l + px ,γ + Px ,P = 0
C1 = py ,l + py ,γ + Py ,P = 0
C2 = pz,l + pz,γ + Pz,P − pbeam = 0
C3 = El + Eγ + EP − Ebeam −mP = 0
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Beam helicity asymmetry
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