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Motivation

• Determination of helicity distribution of sea quarks.

• From yellow report:
72 7.1. GLOBAL PROPERTIES AND PARTON STRUCTURE OF HADRONS
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Figure 7.19: Impact of SIDIS measurements at the EIC on the sea quark helicities xDū, xDd̄
and xDs as a function of x at Q2 = 10 GeV2.

Sea quark helicities via SIDIS

The sensitivity on the struck parton that fragmentation functions provide can be
used to leverage the understanding of the helicity structure of the nucleon — see
also Sec. 7.4.1 concerning the fragmentation functions themselves. In particular,
the access to the sea quark helicities can be substantially improved over inclusive
DIS measurements via SIDIS measurements that detect pions and kaons in addi-
tion to the scattered lepton. Detailed impact studies that use PEPSI as polarized
MC generator and follow the previous DSSV [88, 119, 120] extractions have been
performed on the expected EIC measurements using various collision energies and
polarized proton as well as 3He beams [87]. As can be seen in Fig. 7.19, the reduc-
tion in the uncertainties of all three sea quark helicities (Dū, Dd̄, Ds) in comparison
to the current level of understanding is substantial. Similar to the gluon polariza-
tion, the highest impact at low x relates to the data at the highest collision energies
while intermediate to higher x receive the biggest improvements already from the
lower collision energies. One of the most important points that can be answered
with the sea quark helicities are their contributions to the spin sum rule. In particu-
lar, the strange sea polarization is in current fits forced to negative values at lower x
due to the hyperon beta-decay constants and the assumption of SU(3)-flavor sym-
metry in conjunction with no indication of a negative polarization in the x-range
covered in the currently existing data [121, 122]. The EIC SIDIS data will conclu-
sively answer whether there is a nonzero strange polarization at x > 0.5 ⇥ 10�5.
Further studies using similar pseudodata together with a re-weighting technique
on the NNPDFpol [123, 124] replicas come to similar conclusions about the im-
provements to the sea quark helicities [125].



• Λ=±1: relative beam helicity orientation
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Analysis of longitudinal double-spin asymmetry
• SIDIS data generated with PYTHIA-6 : 5x41 GeV2 and 18x275 GeV2

• Full reconstruction through GEANT simulation (ECCE July concept)

• DIS cuts:  Q2>1 GeV2; 0.01<y<0.95 and W2>10 GeV2


• Weighting of events at parton level at NLO:

data needs to be reweighted2. The applied weights are evaluated at next-to-leading order
in perturbative QCD, at the generated values of the kinematic variables xB, Q2 = �q2, and
z = (p · Ph)/(p · q), where q, p, and Ph represent the four momenta of, respectively, the
virtual photon, beam proton and created hadron. The weights are of the form

1 + LD(y)
D ⌦ Dq,g!h

Fh
UU

, (1)

where L = +1 or L = �1 depending if the beam lepton and beam proton have their spin
orientation respectively parallel or anti-parallel. The respective orientation of the spin of
the lepton and proton beams is for each event randomly simulated. The depolarisation
factor is represented by D(y), where y is the inelasticity. The depolarisation factor depends
on the ratio of the longitudinal to transverse virtual-photon absorption cross sections.
For the evaluation of this ratio, the parametrisation from Ref. [6] is used. The term D
stands for e2

qDq, with e2
q the parton charge squared, or Dg depending if the primary parton

is a quark or a gluon. The symbol ⌦ represents the convolution integral of the parton
helicity distribution and the fragmentation function Dq,g!h, evaluated at next-to-leading
order. As input, the DSSV14 helicity distributions [1, 7] and the DSS14 pion and kaon
fragmentation functions [8, 9] are used. The unpolarised structure function FUU is the
charge-squared weighted sum of the convolution integrals of the spin-independent PDFs
and fragmentation functions. For the PDFs, the NNPDF30 nlo as 0118 set [10], evaluated
through the LHAPDF interpolator [11], is used. The next-to-leading order semi-inclusive
DIS coefficients needed in the calculation are taken from Ref. [12].

Q2 > 1 GeV2 1 GeV2 < Q2 < 100 GeV2 Q2 > 100 GeV2

18 ⇥ 275 GeV2 21.923 pb�1 21.995 pb�1 1231.564 pb�1

5 ⇥ 41 GeV2 61.402 pb�1 61.483 pb�1 5944.374 pb�1

Table 1: Luminosity of the various Monte-Carlo data sets, generated at the energy configura-
tions 18 ⇥ 275 GeV2 and 5 ⇥ 41 GeV2.

Data have been simulated for various sets of lepton and proton beam energies: 5 GeV
and 41 GeV, 10 GeV and 100 GeV, 18 GeV and 100 GeV, and 18 GeV and 275 GeV. In
order to illustrate the impact of the EIC-ECCE design on the determination of the helicity
distributions, the studies for data simulated at the highest and lowest centre-of-mass
energies,

p
s, are presented. For these energies, the simulated data sets, generated for

different regions in Q2, and their corresponding luminosity are summarised in table 1. In
the present study, the statistical uncertainties of the asymmetries are scaled to an integrated
luminosity of 10 fb�1.

For the evaluation of the double-spin asymmetries, events satisfying the following criteria
are selected: Q2 > 1 GeV2, in order to be in the DIS regime, a squared invariant mass of
the photon-nucleon system W2 > 10 GeV2, in order to avoid the region dominated by

2Only the processes with PYTHIA ID 99, 131–136 are reweighted.
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• Δ: DSSV14 helicity distributions

•               DSS14 pion and kaon fragmentation function

• Unpolarised FUU: NNPDF30_nlo_as_0118 and DSS14 FFs

• Weighting only for pythia processes: 99, 131-136

• For ratio of longitudinal and transverse γ* cross section in D(y): Phys. Lett. B, 452:194–200, 1999
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•D(y) set to 1 for evaluation of systematics 
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Analysis of longitudinal double-spin asymmetry

3 Evaluation of the asymmetries

Experimentally, clean access in semi-inclusive DIS to the helicity distributions is provided
by the extraction of double-spin asymmetries. Assuming constant lepton-beam and proton-
beam polarisation, respectively Pe and Pp, they can be written as:

Ah
k(xB, Q2, z) =

1
Pe Pp

�!�!
Nh
�!�!
L
�
 ��!
Nh
 ��!
L

�!�!
Nh
�!�!
L
+
 ��!
Nh
 ��!
L

(xB, Q2, z) (2)

= D(y)Ah
1(xB, Q2, z),

where
�!�!
Nh (
 ��!
Nh) represents the number of semi-inclusive DIS hadrons of type h in bin

(xB, Q2, z) collected with (anti-)parallel beam-spin orientation, while
�!�!
L (
 ��!
L ) is the corre-

sponding luminosity. The asymmetry Ah
k represents the asymmetry with respect to the

lepton-beam direction, while Ah
1 is the asymmetry with respect to the virtual photon and

gives access to the convolution of the parton helicity distributions and fragmentation
functions.

In the present simulation, Nh is obtained by reweighting each event, as described in

section 2, while the randomly generated relative beam-spin orientation results in
�!�!
L ⇡

 ��!
L .

The lepton and proton beam polarisations are set to 100% in the simulation, but in order to
account for experimentally realistic conditions, a beam polarisation for both beams of 70%
is assumed in the evaluation of the statistical uncertainty.

In the following, the depolarisation factor is set to 1 for the evaluation of the system-
atic uncertainties, both in equation 1 for the reweighting of the simulation and for the
extraction of A1 in equation 3. The reason for this approach lies in the enhancement of
small differences between generated and reconstructed data points when introducing the
depolarisation factor due to fluctuations that result solely from the limited amount of
generated Monte-Carlo data. For the evaluation of the statistical uncertainty, the actual
value of the depolarisation factor is used in equations 1 and 3 and in addition it is required
to lie above 0.1.

The generated asymmetries, evaluated from the generated scattered beam-lepton and
hadron information, as well as the reconstructed asymmetries, evaluated from the scattered
beam lepton and created particles reconstructed by the ECCE detector, are presented in
figures 2 and 3 for positive pions and in figures 4 and 5 for negative kaons, for s =
5 ⇥ 41 GeV2 and s = 18 ⇥ 275 GeV2. Corresponding figures for negative pions and
positive kaons can be found in appendix A. The depolarisation factor is here set equal to
1. The different behaviour of the kaon and pion asymmetries at larger z values reflects
the fact that, contrary to the pion, the negative kaon and the proton do not have a valence

4

•Assume constant e and p beam polarisations of 70% with with 2% uncertainty

•A1 → access to convolution of helicity distributions and FFs
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Generated and reconstructed A1 (D(y)=1)
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Figure 2: Generated (squares) and reconstructed (circles) double-spin asymmetries with
D(y) = 1 for positive pions, as a function of xB and for different ranges in z (panels) and
Q2 (colors). The data points are drawn at, respectively, the average generated and average
reconstructed xB in each bin. The data are generated at s = 5 ⇥ 41 GeV2 and scaled to an
integrated luminosity of 10 fb�1.

quark flavour in common. As can be seen from the figures, the reconstructed asymmetries
agree quite well with the generated asymmetries, and any effect from unreconstructed
hadrons or smearing of the kinematic variables due to finite detector resolution stays very
limited. In that sense, the ECCE design is robust and satisfies the requirements needed for
the extraction of double-spin asymmetries.

The figures also clearly show the broad kinematic coverage in xB, Q2, and z, with the two
centre-of-mass energies covering complementary regions in xB for the different ranges in z.

5

4− 3− 2− 1−

0.0

0.5

0.90 < z < 1.00

0.0

0.5

0.50 < z < 0.604 3 2 1

0.0

0.5

0.20 < z < 0.25

0.0

0.5

1
A 0.011 < z < 0.05

4− 3− 2− 1−

0.0

0.5

4 3 2 1

0.0

0.5

0.60 < z < 0.704 3 2 1

0.0

0.5

0.25 < z < 0.30

0.0

0.5

0.05 < z < 0.10

4− 3− 2− 1−

0.0

0.5

+π
2s=18x275 GeV

! = 10 fb
!1

reconstructed
generated

4 3 2 1

0.0

0.5

0.70 < z < 0.804 3 2 1

0.0

0.5

0.30 < z < 0.40

0.0

0.5

0.10 < z < 0.15

4− 3− 2− 1−
)

B
log(x

0.0

0.5

<1.7821.00<Q
<3.1621.78<Q
<5.6223.16<Q
<1025.62<Q

<17.8210<Q
<31.6217.8<Q
<56.2231.6<Q
<100256.2<Q

<1772100<Q
<3162177<Q
<5622316<Q
<10002562<Q

<1000021000<Q

0.0

0.5

0.80 < z < 0.904 3 2 1

0.0

0.5

0.40 < z < 0.50

0.0

0.5

0.15 < z < 0.20

Figure 3: Generated (squares) and reconstructed (circles) double-spin asymmetries with
D(y) = 1 for positive pions, as a function of xB and for different ranges in z (panels) and
Q2 (colors). The data points are drawn at, respectively, the average generated and average
reconstructed xB in each bin. The data are generated at s = 18 ⇥ 275 GeV2 and scaled to an
integrated luminosity of 10 fb�1.

The data collected at high centre-of-mass energy allows to reach xB values down to 10�4.
Such broad kinematic coverage is needed for a precise extraction of the various parton
helicity distributions.

In a realistic experimental situation, an unfolding procedure would be applied to the
measured asymmetry in order to extract the ‘physics’ asymmetry, free from detector
effects. The application of such unfolding procedure in the present study would allow to
extract a ‘physics’ asymmetry, which approaches the generated asymmetry more closely.
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Systematic uncertainties
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Figure 6: Statistical (error bars) and total (error bands) uncertainty for each (xB, Q2, z) bin,
for positive-pion asymmetries collected at s = 5 ⇥ 41 GeV2. An additional global scale
uncertainty of 2% accounts for the uncertainty in the beam polarisations, as indicated in the
figure. The central value of the data points has no meaning.

needs to be included. On average, the systematic uncertainty is larger than the statistical
uncertainty, yet, still very limited. The evaluation of the uncertainties shows that the ECCE
detector design is suited to provide data with adequate precision.

The gap of data points for pions in the first z bin is due to a gap in acceptance, which stems
from the support structure of the tracker in the July concept. A new layout of the tracker
support system, the ’October concept’ [4, 5], has been developed. The asymmetries have
been evaluated for this new layout using the available, but size-limited Monte-Carlo data
sample. In figure 10, the kinematic coverage and associated statistical uncertainty in the
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Figure 7: Statistical (error bars) and total (error bands) uncertainty for each (xB, Q2, z) bin,
for positive-pion asymmetries collected at s = 18 ⇥ 275 GeV2. An additional global scale
uncertainty of 2% accounts for the uncertainty in the beam polarisations, as indicated in the
figure. The central value of the data points has no meaning.

positive-pion asymmetries for 0.011 < z < 0.05 for the July design (left) and the October
design (right) are presented. As can be seen, the new tracker support structure closes the
gap in acceptance.

Finally, figures 11 and 12 illustrate the asymmetry that would be obtained after an un-
folding procedure on the asymmetry measured with the ECCE detector, for 10 fb�1 of
data collected at s = 5 ⇥ 41 GeV2 and s = 18 ⇥ 275 GeV2, respectively3, for the range

3In practice, the central values of the reconstructed asymmetries have been replaced here by those of the
generated ones, for the kinematic bins for which an asymmetry is reconstructed.
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Figure 6: Statistical (error bars) and total (error bands) uncertainty for each (xB, Q2, z) bin,
for positive-pion asymmetries collected at s = 5 ⇥ 41 GeV2. An additional global scale
uncertainty of 2% accounts for the uncertainty in the beam polarisations, as indicated in the
figure. The central value of the data points has no meaning.

needs to be included. On average, the systematic uncertainty is larger than the statistical
uncertainty, yet, still very limited. The evaluation of the uncertainties shows that the ECCE
detector design is suited to provide data with adequate precision.

The gap of data points for pions in the first z bin is due to a gap in acceptance, which stems
from the support structure of the tracker in the July concept. A new layout of the tracker
support system, the ’October concept’ [4, 5], has been developed. The asymmetries have
been evaluated for this new layout using the available, but size-limited Monte-Carlo data
sample. In figure 10, the kinematic coverage and associated statistical uncertainty in the
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Figure 7: Statistical (error bars) and total (error bands) uncertainty for each (xB, Q2, z) bin,
for positive-pion asymmetries collected at s = 18 ⇥ 275 GeV2. An additional global scale
uncertainty of 2% accounts for the uncertainty in the beam polarisations, as indicated in the
figure. The central value of the data points has no meaning.

positive-pion asymmetries for 0.011 < z < 0.05 for the July design (left) and the October
design (right) are presented. As can be seen, the new tracker support structure closes the
gap in acceptance.

Finally, figures 11 and 12 illustrate the asymmetry that would be obtained after an un-
folding procedure on the asymmetry measured with the ECCE detector, for 10 fb�1 of
data collected at s = 5 ⇥ 41 GeV2 and s = 18 ⇥ 275 GeV2, respectively3, for the range

3In practice, the central values of the reconstructed asymmetries have been replaced here by those of the
generated ones, for the kinematic bins for which an asymmetry is reconstructed.
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Figure 10: Statistical uncertainty for each (xB, Q2) bin and for 0.011 < z < 0.04, for positive-
pion asymmetries collected at s = 18 ⇥ 275 GeV2. The central value of the data points has
no meaning. The panel on the left shows the situation for the July design, while that in the
middle shows the situation for the October design.
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Figure 11: ‘Unfolded’ pion (upper panel) and kaon (lower panel) asymmetries as a function
of xB for 10.0 GeV2 < Q2 < 17.8 GeV2 and three ranges in z, obtained from data at s =
5 ⇥ 41 GeV2 and for an integrated luminosity of 10 fb�1.
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Figure 10: Statistical uncertainty for each (xB, Q2) bin and for 0.011 < z < 0.04, for positive-
pion asymmetries collected at s = 18 ⇥ 275 GeV2. The central value of the data points has
no meaning. The panel on the left shows the situation for the July design, while that in the
middle shows the situation for the October design.
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Figure 11: ‘Unfolded’ pion (upper panel) and kaon (lower panel) asymmetries as a function
of xB for 10.0 GeV2 < Q2 < 17.8 GeV2 and three ranges in z, obtained from data at s =
5 ⇥ 41 GeV2 and for an integrated luminosity of 10 fb�1.
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Figure 12: ‘Unfolded’ pion (upper panel) and kaon (lower panel) asymmetries as a function
of xB for 10.0 GeV2 < Q2 < 17.8 GeV2 and three ranges in z, obtained from data at s =
18 ⇥ 275 GeV2 and for an integrated luminosity of 10 fb�1.

4− 3− 2− 1−

0.5

1.0

1
A

u
n

ce
rt

a
in

ty

1.4 T

4− 3− 2− 1−

0.5

1.0
3.0 T

4− 3− 2− 1−

0.5

1.0 0.10 < z < 0.15

+π

2s=18x275 GeV

! = 10 fb
!1

stat. unc.

total unc.

2% pol. unc.

4− 3− 2− 1−
)

B
log(x

0.5

1.0

]2<1.78 [GeV21.00<Q

<3.1621.78<Q

<5.6223.16<Q

<1025.62<Q

<17.8210<Q

<31.6217.8<Q

<56.2231.6<Q

<100256.2<Q

<1772100<Q

<3162177<Q

<5622316<Q

<10002562<Q

<1000021000<Q

Figure 13: Statistical (error bars) and total (error bands) uncertainty for each (xB, Q2) bin and
0.10 < z < 0.15, for positive-pion asymmetries collected at s = 18 ⇥ 275 GeV2. An additional
global scale uncertainty of 2% accounts for the uncertainty in the beam polarisations, as
indicated in the figure. The central value of the data points has no meaning. The first panel
shows the kinematic coverage and related uncertainties with the 1.4 T magnetic configuration,
while the second panel shows the 3.0 T configuration.
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Figure 12: ‘Unfolded’ pion (upper panel) and kaon (lower panel) asymmetries as a function
of xB for 10.0 GeV2 < Q2 < 17.8 GeV2 and three ranges in z, obtained from data at s =
18 ⇥ 275 GeV2 and for an integrated luminosity of 10 fb�1.
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Figure 13: Statistical (error bars) and total (error bands) uncertainty for each (xB, Q2) bin and
0.10 < z < 0.15, for positive-pion asymmetries collected at s = 18 ⇥ 275 GeV2. An additional
global scale uncertainty of 2% accounts for the uncertainty in the beam polarisations, as
indicated in the figure. The central value of the data points has no meaning. The first panel
shows the kinematic coverage and related uncertainties with the 1.4 T magnetic configuration,
while the second panel shows the 3.0 T configuration.
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Influence of the magnetic field
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Figure 14: Ratio of the statistical uncertainties for positive-pion asymmetries collected at
s = 18 ⇥ 275 GeV2 with the 1.4 T and 3.0 T configurations, as a function of xB (x axis) and Q2

(color), for 0.10 < z < 0.15 (left ) and 0.60 < z < 0.70 (middle).

acceptance by higher magnetic fields, the ratio of the uncertainties is on average below
1.0 for this low-z bin. A higher-z region, depicted in the middle panel, illustrates the fact
that the higher-energetic hadrons are less deviated by a higher magnetic field, resulting
in an average statistical-uncertainty ratio centered around 1. An increase of the ratio as a
function of xB is observed for fixed values of Q2, a trend most clearly observed in the lower
z region, though also visible for higher z values. This means that the 3.0 T configuration
allows for a better coverage at larger values of xB for fixed Q2, apart for the highest xB
bin at fixed Q2, where a drop of the ratio, likely linked to the lower cut on y and finite
resolution, is observed.

4 Summary and outlook

The evaluation of the measurement of double-spin asymmetries in semi-inclusive DIS
using the ECCE detector has been presented for pion and kaon production. The study
shows that the ECCE design is well suited for the measurement of such asymmetries and
for the subsequent extraction of parton helicity distributions. First, the resolution of the
ECCE detector is such that the smearing of kinematic variables is limited. Secondly, the
design provides a good acceptance, allowing for the measurement of asymmetries that
already without corrections reflect closely the generated asymmetries. Furthermore, the
envisioned detector provides a broad kinematic coverage in xB, Q2, and z, aided by the
possibility to vary the beam energies. In turn, the broad kinematic coverage, down to
xB = 10�4, and a high precision are essential to constrain the helicity distributions, in
particular the sea-quark and gluon helicity distributions at low xB, which so far remain
largely unconstrained.
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Impact plots
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Need to be added to paper, with clear explanation of procedure.

For example, for highest COM E: cut of x>10-4 applied, because 

otherwise the data set is too restrictive and reweighing procedure cannot

be applied but rather global fit is needed. So the uncertainties are a conservative

estimate.

Based on reweighing technique.
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Summary and conclusion

• Paper covers experimental extraction of A1 asymmetry and impact plots.


• Need to understand impact plots and complete section discussing impact plots.


• Need to add legend to plots as “ECCE” and references to tables and figures according to prescription.


• ECCE author list needs to be updated.


• Can theorist be added by hand, informing management?


