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Semi-inclusive measurement of 
Deep Inelastic Scattering
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Semi-Inclusive DIS cross section 
in the one-photon-exchange approximation

※transverse nucleon polarization neglected

Longitudinal double spin asymmetryLongitudinal double spin asymmetry

F LL
h

beam target
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Double spin asymmetries in SIDIS

along virtual photon directionalong virtual photon direction

along beam directionalong beam direction

A∥ includes contribution of ALT

virtual-photon-nucleon asymmetryA1
h

A1
h=

σ 1/2
h −σ 3/2

h

σ 1/2
h +σ 3/2

h
= 1
D (1+η γ )

A∥
h

D=
1−(1−y )ϵ

1+ϵ R

η=
ϵ γ y

1−(1−y )ϵ
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HERMES experiment

e

Reconstruction: Δp/p < 2%, Δθ<0.6 mrad

Lepton selection efficiency: > 99% 

with hadron contamination < 1%

Hadron ID with RICH: π, K, p in 2 < p < 15 GeV/c

Reconstruction: Δp/p < 2%, Δθ<0.6 mrad

Lepton selection efficiency: > 99% 

with hadron contamination < 1%

Hadron ID with RICH: π, K, p in 2 < p < 15 GeV/c

Targets: Unpolarized H, D, nuclei

Longitudinally polarized H, D (P ~ 85 % )

Transversely polarized H (P ~ 75%)

Targets: Unpolarized H, D, nuclei

Longitudinally polarized H, D (P ~ 85 % )

Transversely polarized H (P ~ 75%)

HERA: 27.6 GeV

polarized

electron/positron

HERA: 27.6 GeV

polarized

electron/positron

e+ N → e ' + h+ X



2019/08/27 Pasifc Spin 2019 9

HERMES experiment

e

Reconstruction: Δp/p < 2%, Δθ<0.6 mrad

Lepton selection efficiency: > 99% 

with hadron contamination < 1%

Hadron ID with RICH: π, K, p in 2 < p < 15 GeV/c

Reconstruction: Δp/p < 2%, Δθ<0.6 mrad

Lepton selection efficiency: > 99% 

with hadron contamination < 1%

Hadron ID with RICH: π, K, p in 2 < p < 15 GeV/c

P


P
K

P
p

PK


PK
K

PK
p

P p


P p
K

P p
p

e+ N → e ' + h+ X

RICH PID efficiencyRICH PID efficiency



2019/08/27 Pasifc Spin 2019 10

A
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Previous results: PRD71(2005)012003
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Previous results: PRD71(2005)012003

A1N
h =P⋅Δq

q

Estimated using MC tuned to the HERMES data
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Previous results: PRD71(2005)012003

A1N
h =P⋅Δq

q

Δq
q

=P−1 A1N
h



2019/08/27 Pasifc Spin 2019 14

Analysis update from PRD71(2005)012003

● Lower hadron momentum cut for the deuteron target
● 4 GeV/c  2 GeV/c, ⇒  (  4 GeV/c for proton w/o RICH)※

● Make A
||
h available (w/ A1

h)

● R in SIDIS still to be measured

● D-state correction for deuteron on asymmetry level
● Better azimuthal asymmetry correction

● Correction factor extracted using MC, in which data-driven model 
for azimuthal modulations  (PRD87(2013)012010) are implemented

● Multi-dimensional (x, z, Ph⊥) dependences

● Charge difference asymmetry extraction
● Extract twist-3 cosine modulations

D=
1−(1−y )ϵ

1+ϵ R
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New Resutls (PRD71(2005)012003)

● Longitudinal double spin asymmetry
● x-dependence
● z-dependence

● Ph⊥ dependence

● (x, z, Ph⊥) dependence

● Charge difference asymmetry
● Azimuthal modulation: cosϕ
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Results: x-dependence

Consistent with
PRD71(2005)012003
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Results: z-dependence

No strong z dependenceNo strong z dependence
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Results: z-dependence

C1+C2 xC1+C2 x

C1+C2 x+C3 zC1+C2 x+C3 z

C1+C2 x+C3 z+C4 x
2+C5 z

2+C6xzC1+C2 x+C3 z+C4 x
2+C5 z

2+C6xz

Fit withFit with

No strong z dependenceNo strong z dependence
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Results: Ph⊥-depdence

No strong Ph⊥ dependenceNo strong Ph⊥ dependence
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C1+C2 xC1+C2 x

C1+C2 x+C3P h⊥

+C4 x
2+C5P h⊥

2

C1+C2 x+C3P h⊥

+C4 x
2+C5P h⊥

2

No strong Ph⊥ dependenceNo strong Ph⊥ dependence



2019/08/27 Pasifc Spin 2019 21

0.0 GeV<P h⊥ <0.3 GeV

0.3 GeV<P h⊥<0.5 GeV

0.5 GeV<P h⊥ <2.0 GeV

Results: A∥,N
h (x ,z , P h⊥)

the most complete, unintegrated, 
longitudinally polarized double-spin dataset
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0.0 GeV<P h⊥<0.3 GeV

0.3 GeV<P h⊥<0.5 GeV

0.5 GeV<P h⊥ <2.0 GeV

Results: A∥,N
h (x ,z , P h⊥)

Possible contribution from Δu>0 
through dis-favored fragmentation 
process.

Possible contribution from Δu>0 
through dis-favored fragmentation 
process.
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0.0 GeV<P h⊥ <0.3 GeV

0.3 GeV<P h⊥<0.5 GeV

0.5 GeV<P h⊥ <2.0 GeV

Results: A∥,N
h (x ,z , P h⊥)

the most complete, unintegrated, 
longitudinally polarized double-spin dataset

Statistical covariant matrix, other asymmetries are also available

mail-to: management@hermes.desy.de

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

u→π ± = d→π ∓
q→h+ = q̄→h− q→h+ = q̄→h−

F
ra

gm
en

ta
tio

n Charge conjugation symmetryCharge conjugation symmetry

isospin symmetryisospin symmetry

At Leading Order and Leading Twist

FFs disappearedFFs disappeared

Independent on hIndependent on h

deuterondeuteronprotonproton
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Charge difference asymmetry
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Semi-Inclusive DIS cross section 
in the one-photon-exchange approximation

※transverse nucleon polarization neglected

F LL
h

beam target

These cosine modulations were extracted.
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Azimuthal asymmetry: A∥,N
h , cos ϕ (x , P h⊥ )

Consistent with zeroConsistent with zero

cos2ϕ modulations were also found to be consistent with zero.
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Summary

● Extracted longitudinal double-spin asymmetries in SIDIS 
using the full HERMES data set with updated analysis 
method

● the most complete, unintegrated, longitudinally polarized double-
spin dataset available

– provide A
||
 in addition to virtual-photon-nucleon asymmetry A1

– no significant dependence on z and Ph⊥ in A1 within precision of 
the measurements

● hadron-charge difference asymmetries 

– in agreement with COMPASS
– used for LO, leading-twist extraction of valence helicity PDFs

● Zero consistent cosϕ moments of semi-inclusive double-spin 
asymmetry obtained
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