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NEW PREDICTIONS  (10 years)

5. There will be direct detection of the Dark Matter wind.
6. Alice will see a crossover to the perturbative quark-gluon plasma.

7. Some new Z mesons will be discovered.

8. Gravitational waves and B modes will be observed.

9. String theory will start to be a theory with predictions.

10. We will have a plausible explanation of why ! is so small.

1. QCD tests & applications will greatly improve, incorporating 

NLO, NNLO,...and a theory of fragmentation and hadronization.

2. Atlas and CMS will discover a candidate Higgs particle.

3. There will be convincing evidence for Susy particles.

4. Plans will be underway to build a LC (at Cern) to explore 
the superworld and the US will join CERN. 

David Gross’ presentation on HEP 2011 
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quantum phase‐space “tomography” of the nucleon

probability to find a quark in a nucleon with a certain polarization in a position b and momentum k

Ideally: obtain a quantum 
phase-space distribution 

(like the Wigner function)

mission: exploring the 3-dimensional phase-space 
structure of the nucleon    

〈Ô(x, p)〉 =
∫
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in 1-dimensional QM:
∫

dp W (x, p) = |ψ(x)|2
∫

dx W (x, p) = |φ(p)|2

k⊥b

sq

S
  spin-k┴ correlations?

orbiting quarks?

intrinsic motion

Ideally: obtain a quantum 
phase-space distribution 

(like the Wigner function)

mission: exploring the 3-dimensional phase-space 
structure of the nucleon    
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〈Ô(x, p)〉 =
∫

dx dpW (x, p) O(x, p)

in 1-dimensional QM:
∫

dp W (x, p) = |ψ(x)|2
∫

dx W (x, p) = |φ(p)|2

k⊥b

sq

S
  spin-k┴ correlations?

orbiting quarks?

intrinsic motion

Wigner functions: W q(k,b)



Ami Rostomyan  for HERMES                                                                 PRC 72, Hamburg, 20113

quantum phase‐space “tomography” of the nucleon

probability to find a quark in a nucleon with a certain polarization in a position b and momentum k

Ideally: obtain a quantum 
phase-space distribution 

(like the Wigner function)

mission: exploring the 3-dimensional phase-space 
structure of the nucleon    
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A Few Main Threads/Common Themes

!The study of hadron structure in the LHC era involves a  large set of 
of increasingly complicated and diverse observations from which 
PDFs, TMDs, GPDs, etc… are extracted and compared to patterns 
predicted theoretically.

! Experimental observations can be linked to the momentum, spin, and 
spatial configurations of the hadrons’ constituents.

Ph. Hagler, INT 2009
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〈Ô(x, p)〉 =
∫

dx dpW (x, p) O(x, p)

in 1-dimensional QM:
∫

dp W (x, p) = |ψ(x)|2
∫

dx W (x, p) = |φ(p)|2

k⊥b

sq

S
  spin-k┴ correlations?

orbiting quarks?

intrinsic motion

Ideally: obtain a quantum 
phase-space distribution 

(like the Wigner function)

mission: exploring the 3-dimensional phase-space 
structure of the nucleon    
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 inclusive DIS cross section and structure function F2

F2(x) = x
∑

q

e2qf
q
1 (x)

d2σ

dxdQ2
=

4πα2
em

Q4

F2(x,Q2)

x

[
1− y − Q2

4E2
+

y2 +Q2/E2

2
[
1 +R(x,Q2)

]
]
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LO interpretation of multiplicity results (integrated over Ph⊥):

✓charge-separated multiplicities of 
pions and kaons sensitive to the 
individual quark and antiquark 
flavors in the fragmentation process 
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 fragmentation in nuclear matter
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☛ typical hadronization length 
is of the order of nucleus size (1-10 fm)

☛ the time development of the hadronization 
can be studied using nuclei of increasing size

☛ the struck quark or the      pair propagate 
through a “cold” nuclear medium

∝ (1− z)ν

qq̄
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 fragmentation in nuclear matter

✓ leptonic probes: well determined  
energy and momentum transferred to the 
quark 

✓ useful for understanding the 
fundamental aspects of hadronization 

✓ input for calculation of nuclear parton 
distributions
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☛ typical hadronization length 
is of the order of nucleus size (1-10 fm)

☛ the time development of the hadronization 
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Fig. 1. Dependence of Rh
A on ν for positively and negatively charged hadrons for three slices in z as indicated in the legend.

The inner and outer error bars indicate the statistical and total uncertainties, respectively. For the latter the statistical and
systematic bin-to-bin uncertainties were added in quadrature. In addition, scale uncertainties of 3%, 5%, 4%, and 10% are to
be considered for pions, kaons, protons and antiprotons, respectively.

the ν-dependence was found to be weak with a slightly
positive slope, but the statistical accuracy of the results
is too limited to draw definite conclusions. The neon data
show similar but less pronounced trends, which was a com-
mon observation in all distributions under study. This is
not unexpected due to the smaller size of the nucleus of
neon compared to krypton and xenon.

The results for protons differ significantly from those
for the other hadrons. For the heavy nuclei, Rp

A behaves
very differently for the three z-slices, considerably exceed-
ing unity at higher ν for the lowest z-slice. Part of the
explanation may be the following. Unlike the other ha-
drons, protons are present already in the target nucleus.
Therefore, apart from hadronization, residual protons can
also result from reactions in the final state (final-state in-
teractions), whereby a proton is knocked out of the nu-
cleus. Those protons will preferably be emitted with low
energy. This could lead to an energy dependence which,
in conjunction with other kinematic factors, leads to the
observed non-trivial behaviour.

The dependence of Rh
A on z for three2 slices in ν is

shown in fig. 2. A slight change of the z dependence when
varying the ν range was observed for the π+ and π− dis-
tributions. This has been observed already in ref. [7] for
the combined pion sample and we refer to that paper for

2 As the combined dependence on ν and z is crucial for var-
ious model calculations, the results as a function of z are also
given for five slices in ν in ref. [17].

the discussion. The results on krypton and xenon for pro-
tons show a very strong dependence on z, the value of
Rp

A exceeding unity in all ν ranges at low z. This sup-
ports the assumption that at low values of z there is a
sizable contribution of final-state interactions. A similar,
but smaller effect was seen for K+, as RK+

A increases to

almost unity, while RK−

A remains well below unity. This
suggests that interactions play a role for K+ production
in which a proton in the target nucleus is transformed into
a K+ Λ pair while the analogous process for K− produc-
tion is suppressed due to the quark content of the K− [24].

Figure 3 shows the dependence of Rh
A on p2t for three

slices in z for positively charged hadrons. The behaviour
of Rh

A for π− (not shown) was found to be the same as that
for π+ within statistical uncertainties. The rise at high p2t
suggests a broadening of the pt distribution [24]. Such a
broadening could result from an interaction of the struck
quark with the nuclear environment before the final ha-
dron is produced and/or from interactions of the produced
hadron within the nucleus. A detailed analysis and discus-
sion of the HERMES data for pions and K+ particles in
terms of pt-broadening has been presented in ref. [44]. In-
teresting to note is that in the highest z-slice Rh

A for pions
and K+ becomes independent of p2t within statistical un-
certainties, while for protons a significant rise is observed
at high p2t . For K− and antiprotons (neither are shown)
limited statistics preclude any definite conclusion. In the
intermediate z-range protons also show a much stronger
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The inner and outer error bars indicate the statistical and total uncertainties, respectively. For the latter the statistical and
systematic bin-to-bin uncertainties were added in quadrature. In addition, scale uncertainties of 3%, 5%, 4%, and 10% are to
be considered for pions, kaons, protons and antiprotons, respectively.

the ν-dependence was found to be weak with a slightly
positive slope, but the statistical accuracy of the results
is too limited to draw definite conclusions. The neon data
show similar but less pronounced trends, which was a com-
mon observation in all distributions under study. This is
not unexpected due to the smaller size of the nucleus of
neon compared to krypton and xenon.

The results for protons differ significantly from those
for the other hadrons. For the heavy nuclei, Rp

A behaves
very differently for the three z-slices, considerably exceed-
ing unity at higher ν for the lowest z-slice. Part of the
explanation may be the following. Unlike the other ha-
drons, protons are present already in the target nucleus.
Therefore, apart from hadronization, residual protons can
also result from reactions in the final state (final-state in-
teractions), whereby a proton is knocked out of the nu-
cleus. Those protons will preferably be emitted with low
energy. This could lead to an energy dependence which,
in conjunction with other kinematic factors, leads to the
observed non-trivial behaviour.

The dependence of Rh
A on z for three2 slices in ν is

shown in fig. 2. A slight change of the z dependence when
varying the ν range was observed for the π+ and π− dis-
tributions. This has been observed already in ref. [7] for
the combined pion sample and we refer to that paper for

2 As the combined dependence on ν and z is crucial for var-
ious model calculations, the results as a function of z are also
given for five slices in ν in ref. [17].

the discussion. The results on krypton and xenon for pro-
tons show a very strong dependence on z, the value of
Rp

A exceeding unity in all ν ranges at low z. This sup-
ports the assumption that at low values of z there is a
sizable contribution of final-state interactions. A similar,
but smaller effect was seen for K+, as RK+

A increases to

almost unity, while RK−

A remains well below unity. This
suggests that interactions play a role for K+ production
in which a proton in the target nucleus is transformed into
a K+ Λ pair while the analogous process for K− produc-
tion is suppressed due to the quark content of the K− [24].

Figure 3 shows the dependence of Rh
A on p2t for three

slices in z for positively charged hadrons. The behaviour
of Rh

A for π− (not shown) was found to be the same as that
for π+ within statistical uncertainties. The rise at high p2t
suggests a broadening of the pt distribution [24]. Such a
broadening could result from an interaction of the struck
quark with the nuclear environment before the final ha-
dron is produced and/or from interactions of the produced
hadron within the nucleus. A detailed analysis and discus-
sion of the HERMES data for pions and K+ particles in
terms of pt-broadening has been presented in ref. [44]. In-
teresting to note is that in the highest z-slice Rh

A for pions
and K+ becomes independent of p2t within statistical un-
certainties, while for protons a significant rise is observed
at high p2t . For K− and antiprotons (neither are shown)
limited statistics preclude any definite conclusion. In the
intermediate z-range protons also show a much stronger
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A on ν for positively and negatively charged hadrons for three slices in z as indicated in the legend.

The inner and outer error bars indicate the statistical and total uncertainties, respectively. For the latter the statistical and
systematic bin-to-bin uncertainties were added in quadrature. In addition, scale uncertainties of 3%, 5%, 4%, and 10% are to
be considered for pions, kaons, protons and antiprotons, respectively.

the ν-dependence was found to be weak with a slightly
positive slope, but the statistical accuracy of the results
is too limited to draw definite conclusions. The neon data
show similar but less pronounced trends, which was a com-
mon observation in all distributions under study. This is
not unexpected due to the smaller size of the nucleus of
neon compared to krypton and xenon.

The results for protons differ significantly from those
for the other hadrons. For the heavy nuclei, Rp

A behaves
very differently for the three z-slices, considerably exceed-
ing unity at higher ν for the lowest z-slice. Part of the
explanation may be the following. Unlike the other ha-
drons, protons are present already in the target nucleus.
Therefore, apart from hadronization, residual protons can
also result from reactions in the final state (final-state in-
teractions), whereby a proton is knocked out of the nu-
cleus. Those protons will preferably be emitted with low
energy. This could lead to an energy dependence which,
in conjunction with other kinematic factors, leads to the
observed non-trivial behaviour.

The dependence of Rh
A on z for three2 slices in ν is

shown in fig. 2. A slight change of the z dependence when
varying the ν range was observed for the π+ and π− dis-
tributions. This has been observed already in ref. [7] for
the combined pion sample and we refer to that paper for

2 As the combined dependence on ν and z is crucial for var-
ious model calculations, the results as a function of z are also
given for five slices in ν in ref. [17].

the discussion. The results on krypton and xenon for pro-
tons show a very strong dependence on z, the value of
Rp

A exceeding unity in all ν ranges at low z. This sup-
ports the assumption that at low values of z there is a
sizable contribution of final-state interactions. A similar,
but smaller effect was seen for K+, as RK+

A increases to

almost unity, while RK−

A remains well below unity. This
suggests that interactions play a role for K+ production
in which a proton in the target nucleus is transformed into
a K+ Λ pair while the analogous process for K− produc-
tion is suppressed due to the quark content of the K− [24].

Figure 3 shows the dependence of Rh
A on p2t for three

slices in z for positively charged hadrons. The behaviour
of Rh

A for π− (not shown) was found to be the same as that
for π+ within statistical uncertainties. The rise at high p2t
suggests a broadening of the pt distribution [24]. Such a
broadening could result from an interaction of the struck
quark with the nuclear environment before the final ha-
dron is produced and/or from interactions of the produced
hadron within the nucleus. A detailed analysis and discus-
sion of the HERMES data for pions and K+ particles in
terms of pt-broadening has been presented in ref. [44]. In-
teresting to note is that in the highest z-slice Rh

A for pions
and K+ becomes independent of p2t within statistical un-
certainties, while for protons a significant rise is observed
at high p2t . For K− and antiprotons (neither are shown)
limited statistics preclude any definite conclusion. In the
intermediate z-range protons also show a much stronger
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A on ν for positively and negatively charged hadrons for three slices in z as indicated in the legend.

The inner and outer error bars indicate the statistical and total uncertainties, respectively. For the latter the statistical and
systematic bin-to-bin uncertainties were added in quadrature. In addition, scale uncertainties of 3%, 5%, 4%, and 10% are to
be considered for pions, kaons, protons and antiprotons, respectively.

the ν-dependence was found to be weak with a slightly
positive slope, but the statistical accuracy of the results
is too limited to draw definite conclusions. The neon data
show similar but less pronounced trends, which was a com-
mon observation in all distributions under study. This is
not unexpected due to the smaller size of the nucleus of
neon compared to krypton and xenon.

The results for protons differ significantly from those
for the other hadrons. For the heavy nuclei, Rp

A behaves
very differently for the three z-slices, considerably exceed-
ing unity at higher ν for the lowest z-slice. Part of the
explanation may be the following. Unlike the other ha-
drons, protons are present already in the target nucleus.
Therefore, apart from hadronization, residual protons can
also result from reactions in the final state (final-state in-
teractions), whereby a proton is knocked out of the nu-
cleus. Those protons will preferably be emitted with low
energy. This could lead to an energy dependence which,
in conjunction with other kinematic factors, leads to the
observed non-trivial behaviour.

The dependence of Rh
A on z for three2 slices in ν is

shown in fig. 2. A slight change of the z dependence when
varying the ν range was observed for the π+ and π− dis-
tributions. This has been observed already in ref. [7] for
the combined pion sample and we refer to that paper for

2 As the combined dependence on ν and z is crucial for var-
ious model calculations, the results as a function of z are also
given for five slices in ν in ref. [17].

the discussion. The results on krypton and xenon for pro-
tons show a very strong dependence on z, the value of
Rp

A exceeding unity in all ν ranges at low z. This sup-
ports the assumption that at low values of z there is a
sizable contribution of final-state interactions. A similar,
but smaller effect was seen for K+, as RK+

A increases to

almost unity, while RK−

A remains well below unity. This
suggests that interactions play a role for K+ production
in which a proton in the target nucleus is transformed into
a K+ Λ pair while the analogous process for K− produc-
tion is suppressed due to the quark content of the K− [24].

Figure 3 shows the dependence of Rh
A on p2t for three

slices in z for positively charged hadrons. The behaviour
of Rh

A for π− (not shown) was found to be the same as that
for π+ within statistical uncertainties. The rise at high p2t
suggests a broadening of the pt distribution [24]. Such a
broadening could result from an interaction of the struck
quark with the nuclear environment before the final ha-
dron is produced and/or from interactions of the produced
hadron within the nucleus. A detailed analysis and discus-
sion of the HERMES data for pions and K+ particles in
terms of pt-broadening has been presented in ref. [44]. In-
teresting to note is that in the highest z-slice Rh

A for pions
and K+ becomes independent of p2t within statistical un-
certainties, while for protons a significant rise is observed
at high p2t . For K− and antiprotons (neither are shown)
limited statistics preclude any definite conclusion. In the
intermediate z-range protons also show a much stronger
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☛ Ne data show less pronounced trends compared to Kr and Xe 
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A on ν for positively and negatively charged hadrons for three slices in z as indicated in the legend.

The inner and outer error bars indicate the statistical and total uncertainties, respectively. For the latter the statistical and
systematic bin-to-bin uncertainties were added in quadrature. In addition, scale uncertainties of 3%, 5%, 4%, and 10% are to
be considered for pions, kaons, protons and antiprotons, respectively.

the ν-dependence was found to be weak with a slightly
positive slope, but the statistical accuracy of the results
is too limited to draw definite conclusions. The neon data
show similar but less pronounced trends, which was a com-
mon observation in all distributions under study. This is
not unexpected due to the smaller size of the nucleus of
neon compared to krypton and xenon.

The results for protons differ significantly from those
for the other hadrons. For the heavy nuclei, Rp

A behaves
very differently for the three z-slices, considerably exceed-
ing unity at higher ν for the lowest z-slice. Part of the
explanation may be the following. Unlike the other ha-
drons, protons are present already in the target nucleus.
Therefore, apart from hadronization, residual protons can
also result from reactions in the final state (final-state in-
teractions), whereby a proton is knocked out of the nu-
cleus. Those protons will preferably be emitted with low
energy. This could lead to an energy dependence which,
in conjunction with other kinematic factors, leads to the
observed non-trivial behaviour.

The dependence of Rh
A on z for three2 slices in ν is

shown in fig. 2. A slight change of the z dependence when
varying the ν range was observed for the π+ and π− dis-
tributions. This has been observed already in ref. [7] for
the combined pion sample and we refer to that paper for

2 As the combined dependence on ν and z is crucial for var-
ious model calculations, the results as a function of z are also
given for five slices in ν in ref. [17].

the discussion. The results on krypton and xenon for pro-
tons show a very strong dependence on z, the value of
Rp

A exceeding unity in all ν ranges at low z. This sup-
ports the assumption that at low values of z there is a
sizable contribution of final-state interactions. A similar,
but smaller effect was seen for K+, as RK+

A increases to

almost unity, while RK−

A remains well below unity. This
suggests that interactions play a role for K+ production
in which a proton in the target nucleus is transformed into
a K+ Λ pair while the analogous process for K− produc-
tion is suppressed due to the quark content of the K− [24].

Figure 3 shows the dependence of Rh
A on p2t for three

slices in z for positively charged hadrons. The behaviour
of Rh

A for π− (not shown) was found to be the same as that
for π+ within statistical uncertainties. The rise at high p2t
suggests a broadening of the pt distribution [24]. Such a
broadening could result from an interaction of the struck
quark with the nuclear environment before the final ha-
dron is produced and/or from interactions of the produced
hadron within the nucleus. A detailed analysis and discus-
sion of the HERMES data for pions and K+ particles in
terms of pt-broadening has been presented in ref. [44]. In-
teresting to note is that in the highest z-slice Rh

A for pions
and K+ becomes independent of p2t within statistical un-
certainties, while for protons a significant rise is observed
at high p2t . For K− and antiprotons (neither are shown)
limited statistics preclude any definite conclusion. In the
intermediate z-range protons also show a much stronger
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the ν-dependence was found to be weak with a slightly
positive slope, but the statistical accuracy of the results
is too limited to draw definite conclusions. The neon data
show similar but less pronounced trends, which was a com-
mon observation in all distributions under study. This is
not unexpected due to the smaller size of the nucleus of
neon compared to krypton and xenon.

The results for protons differ significantly from those
for the other hadrons. For the heavy nuclei, Rp

A behaves
very differently for the three z-slices, considerably exceed-
ing unity at higher ν for the lowest z-slice. Part of the
explanation may be the following. Unlike the other ha-
drons, protons are present already in the target nucleus.
Therefore, apart from hadronization, residual protons can
also result from reactions in the final state (final-state in-
teractions), whereby a proton is knocked out of the nu-
cleus. Those protons will preferably be emitted with low
energy. This could lead to an energy dependence which,
in conjunction with other kinematic factors, leads to the
observed non-trivial behaviour.

The dependence of Rh
A on z for three2 slices in ν is

shown in fig. 2. A slight change of the z dependence when
varying the ν range was observed for the π+ and π− dis-
tributions. This has been observed already in ref. [7] for
the combined pion sample and we refer to that paper for

2 As the combined dependence on ν and z is crucial for var-
ious model calculations, the results as a function of z are also
given for five slices in ν in ref. [17].

the discussion. The results on krypton and xenon for pro-
tons show a very strong dependence on z, the value of
Rp

A exceeding unity in all ν ranges at low z. This sup-
ports the assumption that at low values of z there is a
sizable contribution of final-state interactions. A similar,
but smaller effect was seen for K+, as RK+

A increases to

almost unity, while RK−

A remains well below unity. This
suggests that interactions play a role for K+ production
in which a proton in the target nucleus is transformed into
a K+ Λ pair while the analogous process for K− produc-
tion is suppressed due to the quark content of the K− [24].

Figure 3 shows the dependence of Rh
A on p2t for three

slices in z for positively charged hadrons. The behaviour
of Rh

A for π− (not shown) was found to be the same as that
for π+ within statistical uncertainties. The rise at high p2t
suggests a broadening of the pt distribution [24]. Such a
broadening could result from an interaction of the struck
quark with the nuclear environment before the final ha-
dron is produced and/or from interactions of the produced
hadron within the nucleus. A detailed analysis and discus-
sion of the HERMES data for pions and K+ particles in
terms of pt-broadening has been presented in ref. [44]. In-
teresting to note is that in the highest z-slice Rh

A for pions
and K+ becomes independent of p2t within statistical un-
certainties, while for protons a significant rise is observed
at high p2t . For K− and antiprotons (neither are shown)
limited statistics preclude any definite conclusion. In the
intermediate z-range protons also show a much stronger
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☛ π+, π-, K-:  increase of RA with virtual photon energy ν
☛ K+ : clear increase of RA with ν for the lowest z-slice and flatter behavior for higher z
☛   : weak ν-dependence
☛ p: RA exceeding unity at higher values of ν and low z (apart from hadronization, 
different production mechanisms contribute)

p̄

published

☛ Ne data show less pronounced trends compared to Kr and Xe 
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σLL ∝ g1L ⊗D1 hadron-charge difference asymmetry A1 

g1L =

☛ assumption: charge conjugation symmetry in 
fragmentation:

☛  cancellation of fragmentation functions in 
the charge difference asymmetry

H

Ah+−h−

1d =
∆uv(x) +∆dv(x)

uv(x) + dv(x)
Ah+−h−

1p =
4∆uv(x)−∆dv(x)
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✓ negative asymmetry for π+ and positive for π-

☛ from previous publications ( PRL 94 (2005) 012002, PLB 693 (2010) 11-16 ):

☛ data support Boer-Mulders DF       of same sign for u and d 
✓ K- and K+ : striking differences w.r.t. pions

☛ role of the sea in DF and FF
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H⊥,u→π+

1 = −H⊥,u→π−
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ep → e′γX

!  double -spin asymmetries
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}(pre-recoil data)
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Figure 6: Asymmetry amplitudes describing the dependence of the squared DVCS amplitude (cir-
cles, AUT,DVCS) and the interference term (squares, AUT,I) on the transverse target polarisation, for
the exclusive sample. The filled symbols indicate those results of greatest interest (see text). The
circles (squares) are shifted right (left) for visibility. The error bars represent the statistical uncer-
tainties, while the top (bottom) bands denote the systematic uncertainties for AUT,I (AUT,DVCS),
excluding the 8.1 % scale uncertainty from the target polarisation measurement. The curves are
predictions of the GPD model variant (Reg, no D) shown in figure 5 as a continuous curve, with
three different values for the u-quark total angular momentum Ju and fixed d-quark total angular
momentum Jd = 0 [16]. See text for details.

asymmetry amplitudes of interest here (see table 1), related to the coefficients given in

eqs. (2.5)–(2.10), of the corresponding harmonics of φ appearing in eqs. (2.3) and (2.4).

Of particular interest is the asymmetry amplitude Acos φ
C in the upper row of figure 5.

Equation (2.6) shows that this amplitude is sensitive to the GPD H in the HERMES

kinematic conditions. Also shown in this figure is the previously published result, which has

been shown to constrain GPD models [12]. The greatly improved precision of the present

measurement confirms that this amplitude increases with increasing −t. As mentioned

above regarding the corresponding coefficients cI
0,UU and cI

1,UU, the amplitude Acos 0φ
C is

expected to relate to the same combination of GPDs as does Acos φ
C . The results shown

in figure 5 suggest that the magnitude of this amplitude also increases with −t, while its

opposite sign is expected from eq. (2.7).

Of special interest in this work are the amplitudes Asin(φ−φS) cos(nφ)
UT,I , n = 0, 1, presented

in the top two rows of figure 6. Equations (2.9) and (2.8) show that these amplitudes are

sensitive to the GPD E and hence to the total angular momenta of quarks. These am-
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ep → e′γX

!  double -spin asymmetries
σ(φ,φs, e!, S⊥,λl) = σUU(φ)

{
1 + e!AC(φ) + λlADV CS

LU (φ) + e!λlAI
LU (φ)

+S⊥ADV CS
UT (φ,φS) + e!S⊥AI

UT (φ,φS)

+ λlS⊥ABH+DV CS
LT (φ,φS) + e!λlS⊥AI

LT (φ,φS)

}(pre-recoil data)

- HERMES Collaboration- Phys. Lett. B 704 (2011) 15-23)
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ep → e′γX

!  double -spin asymmetries
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{
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UT (φ,φS)

+ λlS⊥ABH+DV CS
LT (φ,φS) + e!λlS⊥AI

LT (φ,φS)

}

☛                             could provide a similar constraint to the real part of 
☛  due to different kinematic pre-factors, this amplitude is suppressed

Asin(φ−φs) sinφ
LT,I Re E
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☛                             could provide a similar constraint to the real part of 
☛  due to different kinematic pre-factors, this amplitude is suppressed
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✓  nevertheless, may serve as additional constraints in global fits 

(pre-recoil data)
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status of data preservation

software

✓ HERMES participates  in DPHEP initiative 

✓ digital documentation
☛  all internal notes  and 
additional information moved to 
inSpire into a password 
protected area

✓ non-digital documentation
☛ some shelves already filled in 
the library, digitizing under 
consideration

  
✓ web pages
☛ analysis pages migrated to 
wiki
☛ static web-pages served 
locally, evaluating the ZMS-
based IT web-service

✓ software
☛ final migration to SLD5 
at the end of the year

✓ software validation
☛ participating in IT-
developed SP-system
☛ validation tests under 
development

✓ long term storage space 
requirements
☛ slow access ~150 TB (raw data)
☛ fast access ~50 TB (uDST, MC)

✓ hardware 
☛ planned to run the current batch 
nodes as long as possible
☛ selected the DESY batch 
(BIRD) as an alternative for future 
HERMES analysis (migration and 
testing underway)

documentationdata
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F. Videbœk 
Physics Department 

Brookhaven National Laboratory 

Hall BHall A Hall C

The Spin Community And

☛ HERMES has been the pioneering collaboration in TMD and GPD fields

☛ still very important player in the field of nucleon (spin) structure

☛ polarized e+/- beams

☛ pure gas target
☛ good particle identification

☛ recoil detector
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Thanks!
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(recoil data)

ep → e′γp′
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☛ extraction of single-charge beam-helicity asymmetry amplitudes for elastic data sample 
(background < 0.1%) 

σ(φ, P!, e!) = σUU (φ)×
[
1 + P!ADV CS

LU (φ) + e!P!AI
LU (φ) + e!AC(φ)

]

☛ indication for slightly 
larger magnitude of the 
leading amplitude for 
elastic process compared  
the one in the recoil 
detector acceptance

GPD H: unpolarized hydrogen target

ALU(φ) !
2∑

n=1

Asin(nφ)
LU sin(nφ)


