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HERMES mission: Nucleon Structure
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½= ½ΔΣ + Lq +Jg
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“Dynamic 

Hologram” 

Wigner phase-space distributions
[X. Ji, PRL 2003; A. Belitsky, X. Ji, F. Yuan, PRD 2004]

“mother distributions”
[Meissner, Metz, Schlegel, JHEP 0908:056, 2009]
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TMDs and GPDs
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Orbital angular momentum

½= ½ΔΣ + Lq +Jg
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HERMES @ DESY 
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HERA @ DESY retired 30.6.2007
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HERMES @ DESY 

4

HERA @ DESY retired 30.6.2007
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Target Spectrometer

1995-2007Hadron-type separation (pions, 
kaons, protons) with RICH detector
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HERMES @ DESY 

4

HERA @ DESY retired 30.6.2007

☛ Longitudinally 
polarized leptons 

☛ Regular helicity 
switch (few months)

☛ Positrons and 
electrons

☛ 1H with longitudinal (50 /pb) & 
transverse polarization (150 /pb)

☛ 2H with longitudinal polarization 
(200 /pb)

☛ Unpolarized 
    1H (1200 /pb), 2H (800 /pb)

     He, N, Ne, Kr, Xe (300 /pb)

Target

Beam 27.6 GeV

rapid spin 
reversal ~1min

Pure gas target 

internal to lepton ring

e

p

Target Spectrometer

1995-2007Hadron-type separation (pions, 
kaons, protons) with RICH detector
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Inclusive measurements 
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Inclusive measurements 
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e2q(q
+ − q−) Probabilistic interpretation in 

Quark Parton Model (QPM)
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Spin structure function g1
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F2 = f(F1, R)

Structure function F2
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• HERMES data complementary to collider 
data, cover transition region between 
perturbative and non-perturbative regimes of QCD

• Agreement with world data in overlap region

• New region covered by HERMES

• GD11 global fit
HERMES rel. normalization ~2%, 0.5% for p/d.

proton target
A. Airapetian et al. [HERMES], JHEP 05 (2011)

HERMES

fixed target

collider

F1 =
1

2

�

q

e2q(q
+ + q−)
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☛ Sensitivity to g2 highest if α=90°

7

A. Airapetian et al. [HERMES], accepted by EPJ C (in press) [arXiv:1112.5584] 

Spin structure function g2 

HERMES: 10% polarization uncertainty

☛ QPM: g2 ≡ 0 
    (no transverse degrees of freedom)
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modulations (Φ, ΦS) in the cross section. 
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Courtesy M. Contalbrigo 
(Ferrara)
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Quark polarization

Indication to be 
non-zero!

Preliminary result

Diagonal elements
 ‘Survive’ integration over 
transverse momentum kT.

“Collinear analysis”

Leading
-twist 
TMDs
(transverse-
momentum 

dependent PDFs)
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Sivers amplitudes 
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u

π+
FSI

φ = π

φS = π/2

Figure 8.4.6: Illustration of the scattering process off a u quark in the semi–

classical picture with the production of a π+ meson.

momentum adds to the quark momentum in the top and subtracts in the bottom. Hence,

a quark with a given momentum fraction xq is probed by the virtual photon at a higher

momentum fraction xobs > xq in the top and a smaller fraction xobs < xq in the bottom.

In the top the unpolarised DF is therefore shifted towards higher x values while in the

bottom it is shifted to smaller x values as shown in the right panel of Figure 8.4.5. Since the

unpolarised DF decreases with increasing values of x in the valence region, the increase

of the momentum on one side of the nucleon spin results in a larger number of quarks for

a certain observed momentum fraction xobs at this side. At the opposite side, less quarks

are observed at xobs due to the decrease of the quark momentum, resulting in a distortion

of the DF at xobs towards the top. For quarks with antialigned orbital angular momentum,

the DF is distorted towards the bottom. This semi–classical picture thus yields a positive

orbital angular momentum for u quarks and a negative orbital angular momentum for d

quarks.

In Figure 8.4.6 the scattering process is schematically illustrated for a nucleon spin

orientation perpendicular to the scattering plane, i.e., φS = π/2. For a positive orbital

angular momentum of the u quarks, the u quark density is enhanced in the left hemi-

sphere of the nucleon when looking along the virtual–photon direction so that it will be

absorbed more likely by a u quark in that region. After the absorption, final–state inter-

actions (FSI) (cf. Section 2.4.3) bend the quark towards the centre. The FSI are attractive

since struck quark and the spectators—the remaining quarks from the nucleon—form a

colour antisymmetric state. The outgoing positive pion that contains the struck quark is

therefore observed on the right–hand side of the nucleon spin, i.e., φ = π. Thus, the de-

scription of the quark DFs in the impact parameter space yields a positive Sivers moment

sin(φ − φS) = sin π > 0 for u quarks fragmenting into π+. This is consistent with the positive

Sivers amplitudes for π+ in the HERMES data which are dominated by the scattering off u

quarks. In case of π− production, both u and d quarks have to be taken into account

because of the quark–charge factor e2
q and the results cannot be interpreted solely in

terms of d quark scattering. Scattering from d quarks alone would yield a negative Sivers

moment so that the two quark flavours contribute with opposite sign to the Sivers moment

and their contributions might cancel.
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(Bilbao) and U. 
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u>0

            ☛ π+ dominated by u-quark scattering:

☛ u-quark Sivers function < 0

☛ d-quark Sivers function > 0
(cancellation for π-)

� −f⊥
1T(x, p

2
T )⊗Du→π+

1 (z, k2T )

Pions

A. Airapetian et al. [HERMES], Phys. Rev. Lett. 103 (2009) 152002
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Worm-gear TMD 

• Longitudinally polarized 
quarks in transversely 
polarized nucleon

• Related to parton orbital motion – 
requires interference between wave functions 
with OAM difference by 1 unit

• Wandzura-Wilczek type approximation: 
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Exclusive measurements
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Amplitude Value
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(A) Beam-charge asymmetry: 
 GPD H 
[JHEP 11 (2009) 083 – Nucl. Phys. B 829 (2010) 1–27]

(B) Beam-helicity asymmetry: 
GPD H 
[JHEP 11 (2009) 083 – Nucl. Phys. B 829 (2010) 1–27]

(C) Transverse target-spin asymmetry: 
 GPD E 
[JHEP 06 (2008) 066]

(D) Double-Spin (LT) 
asymmetry: GPD E  
[Phys. Lett. B 704 (2011) 15–23] 

(E)  Longitudinal target-spin asymmetry: 
GPD H~ 
[JHEP 06 (2010) 019 - Nucl. Phys. B 842 (2011) 265–298]

(F)  Double-spin (LL) asymmetry: 
GPD H~ 
[JHEP 06 (2010) 019 - Nucl. Phys. B 842 (2011) 265–298]

Unique & 
complete set
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Beam-charge asymmetry 
amplitudes in DVCS

13

✰ All 1996–2007 
HERMES proton data

✰ KM10

Global fit 
including data 

from JLab, 
HERMES and HERA 

colliders
(dashed excludes JLab 
Hall A cross section)
K. Kumericki and D. 

Müller, Nucl. Phys. B 841 
(2010) 1 

[arXiv:0904.0458]

✰ GGL11
Model calculation

G. Goldstein, J. 
Hernandez and S. Liuti, 

Phys. Rev. D 84 034007 
(2011)

 [arxiv:1012.3776]

arXiv:1103.xxxx

✰  Detection of 
e and γ

to be submitted to JHEP
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arXiv:1103.xxxx

✰  Detection of 
e and γ

Associated fraction ep→eΔ+γ
(from MC simulation)

to be submitted to JHEP
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DVCS event samples
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Beam-helicity asymmetry 
amplitudes in DVCS
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Summary

A lot of exciting topics could 
not be addressed in this talk!

hermes
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Almost 5 years after the dump of the 
last HERA beams... (June 30, 2007)
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dependent 
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“Dynamic nucleon hologram”
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Parton 
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Many 
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measurements

“Spin puzzle”

http://www-hermes.desy.de/notes/pub/publications.html
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