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A comprehensive collection of results on longitudinal double-spin asymmetries is presented for charged pions and kaons
produced in semi-inclusive deep-inelastic scattering of electrons and positrons on the proton and deuteron, based on the
full HERMES data set. The dependence of the asymmetries on hadron transverse momentum and azimuthal angle

A measurement of beam-helicity asymmetries for single-hadron production in deep-inelastic scattering is presented.
Data from the scattering of 27.6 GeV electrons and positrons off gaseous hydrogen and deuterium targets were collected
by the HERMES experiment. The asymmetries for charged pions and kaons as well as for protons and anti-protons are
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semi-inclusive DIS 

excluding transverse polarization:

single-spin asymmetry
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excluding transverse polarization:

single-spin asymmetry

semi-inclusive DIS 
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beam-helicity asymmetry
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naive-T-odd Boer-Mulders (BM) function coupled to a twist-3 FF

signs of BM from unpolarized SIDIS

little known about interaction-dependent FF
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naive-T-odd Boer-Mulders (BM) function coupled to a twist-3 FF

signs of BM from unpolarized SIDIS

little known about interaction-dependent FF

little known about naive-T-odd g⊥; singled out in ALU in jet production
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naive-T-odd Boer-Mulders (BM) function coupled to a twist-3 FF

signs of BM from unpolarized SIDIS

little known about interaction-dependent FF

little known about naive-T-odd g⊥; singled out in ALU in jet production

large unpolarized f1, coupled to interaction-dependent FF
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naive-T-odd Boer-Mulders (BM) function coupled to a twist-3 FF

signs of BM from unpolarized SIDIS

little known about interaction-dependent FF

little known about naive-T-odd g⊥; singled out in ALU in jet production

large unpolarized f1, coupled to interaction-dependent FF

twist-3 e survives integration over Ph⊥; here coupled to Collins FF

e linked to the pion–nucleon 𝜎-term 

interpreted as color force (from remnant) on transversely 
polarized quarks at the moment of being struck by virtual photon
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naive-T-odd Boer-Mulders (BM) function coupled to a twist-3 FF

signs of BM from unpolarized SIDIS

little known about interaction-dependent FF

little known about naive-T-odd g⊥; singled out in ALU in jet production

large unpolarized f1, coupled to interaction-dependent FF

twist-3 e survives integration over Ph⊥; here coupled to Collins FF

e linked to the pion–nucleon 𝜎-term 

interpreted as color force (from remnant) on transversely 
polarized quarks at the moment of being struck by virtual photon

all terms vanish in WW-type approximation ☛ K. Tezgin (We, WG-6)
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choice of fitting function

left one facilitates comparisons between experiments and simplifies 
kinematic dependences by removing known dependences

what about twist suppression and other kinematically suppressed 
contributions?
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choice of fitting function

left one facilitates comparisons between experiments and simplifies 
kinematic dependences by removing known dependences

what about twist suppression and other kinematically suppressed 
contributions?

asymmetry amplitudes extracted by minimizing

where wi is event weight from hadron-ID, charge-symmetric BG etc.
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TMD cross sections differential in at least 5 variables

some easily parametrized (e.g., azimuthal dependences)

others mostly unknown
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multi-d dependences

TMD cross sections differential in at least 5 variables

some easily parametrized (e.g., azimuthal dependences)

others mostly unknown

one-dimensional binning provide only glimpse of true physics

even different kinematic bins can’t disentangle underlying physics 
dependences

e.g., binning in x involves [incomplete] integration(s) over Ph⊥

further complication: physics (cross sections) folded with acceptance

NO experiment has flat acceptance in full multi-d kinematic space  

12
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measured cross sections / asymmetries often contain “remnants” of 
experimental acceptance ϵ 

multi-d dependences

13
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measured cross sections / asymmetries often contain “remnants” of 
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difficult to evaluate precisely in absence of good physics model

general challenge to statistically precise data sets

avoid 1d binning/presentation of data

theorist: watch out for precise definition (if given!) of experimental 
results reported … and try not to treat data points of different 
projections as independent
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multi-d dependences

in analysis, implement data-driven model*) into Monte Carlo

analyzed like real data

difference between input model evaluated at average 
kinematics and extracted MC asymmetry in each bin assigned 
as systematic uncertainty

14

 *) first terms in Taylor expansion in kinematic variables
     fit to data in unbinned max. likelihood fit



results



DIS 2019Gunar Schnell 

0.2 0.3 0.4 0.5 0.6

0.1−

0.0

0.1

0.1−

0.0

0.1

0.1−

0.0

0.1

0.1−

0.0

0.1

)
φ

si
n

(

 L
U

A
 

 < 0.23[GeV] 
h

0.05 < P

−π

0.3 0.4 0.5 0.6

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

 
 < 0.35[GeV] 

h
0.23 < P

0.3 0.4 0.5 0.6

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

 
 < 0.51[GeV]  

h
0.35 < P

0.3 0.4 0.5 0.6 0.7

z

0.1

0.0

0.1

 <
 0

.4
0
0

B
0
.1

4
9
 <

 x

0.1

0.0

0.1

 <
 0

.1
4
9

B
0
.1

0
4
 <

 x

0.1

0.0

0.1

 <
 0

.1
0
4

B
0
.0

7
1
 <

 x

0.1

0.0

0.1

 
 < 1.80[GeV] 

h
0.51 < P

 <
 0

.0
7
1

B
0
.0

2
3
 <

 x
3% scale uncertainty3% scale uncertaintyH

D

3d beam-helicity asymmetry for π-

full 1996-2007 data set; precision driven by statistical uncertainty 

[arXiv:1903.08544]



DIS 2019Gunar Schnell 

0.2 0.3 0.4 0.5 0.6

0.1−

0.0

0.1

0.1−

0.0

0.1

0.1−

0.0

0.1

0.1−

0.0

0.1

)
φ

si
n

(

 L
U

A
 

 < 0.23[GeV] 
h

0.05 < P

−π

0.3 0.4 0.5 0.6

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

 
 < 0.35[GeV] 

h
0.23 < P

0.3 0.4 0.5 0.6

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

0.1

0.0

0.1

 
 < 0.51[GeV]  

h
0.35 < P

0.3 0.4 0.5 0.6 0.7

z

0.1

0.0

0.1

 <
 0

.4
0
0

B
0
.1

4
9
 <

 x

0.1

0.0

0.1

 <
 0

.1
4
9

B
0
.1

0
4
 <

 x

0.1

0.0

0.1

 <
 0

.1
0
4

B
0
.0

7
1
 <

 x

0.1

0.0

0.1

 
 < 1.80[GeV] 

h
0.51 < P

 <
 0

.0
7
1

B
0
.0

2
3
 <

 x
3% scale uncertainty3% scale uncertaintyH

D

3d beam-helicity asymmetry for π-

most comprehensive presentation, for discussion use 1d binning

[arXiv:1903.08544]



DIS 2019Gunar Schnell 

0.05 0.10 0.15

Bx

0.2−

0.1−

0.0

0.1

0.2 p

0.2−

0.1−

0.0

0.1

0.2 p

0.2−

0.1−

0.0

0.1 −K

0.2−

0.1−

0.0

0.1 +K0.05 0.10 0.15

0.05−

0.00

0.05 −π

0.05−

0.00

0.05

 L
U

)
φ

si
n

(
A

+π

0.4 0.6 0.8

z

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.1

0.0

0.1 0.4 0.6 0.8

0.05

0.00

0.05

0.05

0.00

0.05

0.5 1.0

[GeV] hP

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.1

0.0

0.1 0.5 1.0

0.05

0.00

0.05

0.05

0.00

0.05 H
D

3% scale uncertainty

18

Mh

Mz
h�
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1 Ẽ � xg�D1 � Mh

Mz
f1G̃

� � xeH�
1

<latexit sha1_base64="AP2zdNBeUcFnmUZUz08QljpRUh0="></latexit>

0.05 0.10 0.15

Bx

0.2−

0.1−

0.0

0.1

0.2 p

0.2−

0.1−

0.0

0.1

0.2 p

0.2−

0.1−

0.0

0.1 −K

0.2−

0.1−

0.0

0.1 +K0.05 0.10 0.15

0.05−

0.00

0.05 −π

0.05−

0.00

0.05

 L
U

)
φ

si
n
(

A

+π

0.4 0.6 0.8

z

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.1

0.0

0.1 0.4 0.6 0.8

0.05

0.00

0.05

0.05

0.00

0.05

0.5 1.0

[GeV] hP

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.1

0.0

0.1 0.5 1.0

0.05

0.00

0.05

0.05

0.00

0.05 H
D

3% scale uncertainty

0.05 0.10 0.15

Bx

0.2−

0.1−

0.0

0.1

0.2 p

0.2−

0.1−

0.0

0.1

0.2 p

0.2−

0.1−

0.0

0.1 −K

0.2−

0.1−

0.0

0.1 +K0.05 0.10 0.15

0.05−

0.00

0.05 −π

0.05−

0.00

0.05

 L
U

)
φ

si
n
(

A

+π

0.4 0.6 0.8

z

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.1

0.0

0.1 0.4 0.6 0.8

0.05

0.00

0.05

0.05

0.00

0.05

0.5 1.0

[GeV] hP

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.2

0.1

0.0

0.1

0.2

0.1

0.0

0.1 0.5 1.0

0.05

0.00

0.05

0.05

0.00

0.05 H
D

3% scale uncertainty

[arXiv:1903.08544]



DIS 2019Gunar Schnell 

1−10

Bx

0.10−

0.05−

0.00

0.05

−π

0.05−

0.00

0.05

0.10

0.15)
φ

Q
, 
si

n
(

 L
U

A

+π

0.2 0.4 0.6 0.8

z

0.10

0.05

0.00

0.05

0.05

0.00

0.05

0.10

0.15
 Xπ e → H  e

0.5 1.0

[GeV] 
h

P

0.10

0.05

0.00

0.05

 

0.05

0.00

0.05

0.10

0.15
HERMES

3% scale uncertainty

CLAS

HERMES - CLAS comparison

20

opposite behavior at HERMES/CLAS of negative pions in z projection due to 
different x-range probed
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opposite behavior at HERMES/CLAS of negative pions in z projection due to 
different x-range probed

CLAS more sensitive to e(x)Collins term due to higher x probed?
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consistent behavior for charged pions / hadrons at HERMES / COMPASS 
for isoscalar targets

HERMES - COMPASS comparison
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conclusions

clearly non-zero beam-helicity asymmetries observed for 
charged pions and K+

sizable twist-3 effects, in contrast to WW-type approx.

intriguing kinematic dependences might shed light at 
different roles of the various terms contributing

high-x behavior might be driven by TMD e & Collins FF 

COMPASS and HERMES in agreement despite different Q2 
ranges probed

(not shown:) sin2𝜙 asymmetry, which could arise from 2-
photon exchange, found to be consistent with zero 

22



backup



DIS 2019Gunar Schnell 

kinematic coverage

COMPASS
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e.g., only a few%. Consequently, given currently attainable
measurement precision, charged-pion multiplicities pro-
vide no information on properties of strange quarks. It
follows that the body of discussion in Sec. III of the
Comment [3] concerning features of the leading-order (LO)
description of the pion multiplicity sum is not directly
relevant to the extraction of xB SðxBÞ from kaon data
reported by HERMES.
One salient point is theobservationof “the almost identical

shapes of the pion and kaon distributions.” Our comparison
of the shapes is presented in Fig. 1 where the kaon values
have been renormalized to the pion values in the region of
0.1 < xB < 0.45 where both curves flatten, presumably due
to the absence of a contribution from strange-quark frag-
mentation. While similar, the shapes are not nearly identical.
While the similarity is an interesting observation, it may be
coincidental, and likely can only be disentangled in a full
QCD analysis, which is at this point still out of reach. Until
then possible implications on the LO extraction of xB SðxBÞ
presented in Ref. [1] cannot be assessed.
For all the discussion, a grave conceptual misunder-

standing must be pointed out, also because it appears
to cloud the analyses [4] referred to by the Author to
strengthen his case. Although not related to the kaon
multiplicities analyzed in Ref. [1], the Author indulges
in invalid comparisons of pion multiplicity values (last
paragraph of Sec. III A). Different one-dimensional pro-
jections of a multiparameter observable, such as a multi-
plicity, are not topologically equivalent. In the case
discussed in the Comment [3], the corresponding sections
in the xB and Q2 projections of the observable span
different, albeit, overlapping regions of the Born space
accepted in the measurement. From setting the values of the

observables drawn from these two different sections equal
[e.g., erroneously assuming that the average multiplicity
should correspond to the multiplicity at (event-weighted)
average kinematics], the unjustified conclusion is drawn
that the measurements presented in Ref. [2] are not
consistent. In contrast to the Author’s claim that “a large
part of the data [in the two representations] are the same”,
Fig. 2 clearly demonstrates the contrary: only a small part
of the kinematic regions covered by those two data points
do overlap.
As an example, multiplicities in the xB–z representation

involve integrations over Q2 (as well as Ph⊥). Con-
sequently, when comparing to theoretical predictions,
the same integration has to be performed, e.g., for the
LO parton-model expression one has to evaluate

MπðxB; zÞ ¼

P
q e

2
q
RQ2

maxðxBÞ
Q2

minðxBÞ
qðxB;Q2ÞDπ

qðz;Q2ÞdQ2

P
q e

2
q
RQ2

maxðxBÞ
Q2

minðxBÞ
qðxB;Q2ÞdQ2

;

ð1Þ
or an analogous integration for any other type.
The Author points out that the (very) low-xB region can

be neglected in the discussion of the two bins in question
(3 GeV2 < Q2 < 5 GeV2 of the z–Q2 representation, and
0.14 < xB < 0.2 of the z–xB representation in Ref. [2]),
as the relevant Q2 bin is large enough not to include the
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FIG. 1 (color online). Comparison of the shapes of multiplic-
ities corrected to 4π of charged kaons and pions in semi-inclusive
DIS from a deuterium target, as a function of Bjorken xB. The
kaon multiplicities are scaled to agree with those of pions in the
range of xB where both distributions flatten. Data are plotted at
the average xB of each individual xB bin.
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FIG. 2 (color online). Born space in (xB, Q2) corresponding to
the multiplicities reported in Ref. [2]. Kinematic regions covered
by two data points with similar average kinematics, as discussed
in the Comment [3], are superimposed (highlighted slices in
either xB or Q2). Note that the color coding is logarithmic, and
that most of the events [Oð70%Þ] in either of the two bins are in
fact not shared.
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