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Simulation input files

Generators for TDR studies: 

•Pythia

  Input files:

• /gpfs02/eic/DATA/YR_SIDIS/ep_18x275/hepmc_ip6/noradcor/ep_noradcor.18x275_q2_[a]_[b]_run*

• /gpfs02/eic/DATA/YR_SIDIS/ep_18x100/hepmc_ip6/noradcor/ep_noradcor.18x100_q2_[a]_[b]_run*

• /gpfs02/eic/DATA/YR_SIDIS/ep_10x100/hepmc_ip6/noradcor/ep_noradcor.10x100_q2_[a]_[b]_run*

• /gpfs02/eic/DATA/YR_SIDIS/ep_5x41/hepmc_ip6/noradcor/ep_noradcor.5x41_q2_[a]_[b]_run*


   

with [a] and [b] >1 (cf. Q2>1 GeV2).
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Studies

• Studies for TDR


• Additional studies: 

• high-pT dihadrons to access Sivers distribution

• Quarkonium production
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Plots for TDR – reconstruction of SIDIS variables

• Resolution SIDIS variables


• Reconstruction of SIDIS variables with ML, important at low yResults, ePIC full simulation 23.07.1
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Results, ePIC full simulation 23.07.1
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SIDIS reconstruction via ML, Connor Pecar 
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Plots for TDR – unpolarised TMD PDFs
Gregory Matousek/Ralf Seidl; theory: Pavia group/Alexey Vladimirov
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Unpolarised TMD PDFs, 

preliminary study from Gregory Matousek + Pavia group

Grey circles: uncertainties at present

Coloured circles: uncertainties with EIC, 

shown for beam E with highest impact

Figure 8: Pion cross sections as a function of PT in bins of x and for selected bins of Q2 for three di↵erent collision energies. For visibility all z bins were combined.
The uncertainty boxes are based on the di↵erences between true and reconstructed yields and give an indication of the maximal size of uncertainties due to kinematic
resolutions.

Figure 9: Expected EIC uncertainties on the unpolarized TMD PDFs (top) and FFs (bottom) as a function of the intrinsic transverse momentum for certain x and z
slices in comparison to the existing uncertainties.
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Plots for TDR –  Collins and Sivers asymmetry 
Ralf Seidl; theory Alexey Vladimirov, Daniel Pitonyak, Alexei Prokudin
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Fig. 8. Sivers asymmetries as a function of z in bins of x and Q
2 for 5 GeV electrons on 41 GeV protons for positive (black, green) and negative (blue, purple) pions. The

asymmetries in the true kinematics are shown in black and blue symbols while the asymmetries in the reconstructed kinematics are shown in blue and purple symbols.

Fig. 9. Projected ⇡
+ Collins asymmetry statistical and systematic uncertainties as a function of either z (top panel) in bins of P

T
or as a function of P

T
in bins of z (bottom panel)

for three select x and Q
2 bins. The asymmetries are shown at arbitrary values for better visibility. The statistical uncertainties are extrapolated to an accumulated luminosity of

10 fb*1 for the 18 GeV ù 275 GeV energy option. The shaded boxes represent the systematic uncertainty estimate, as discussed in the text. For better visibility either 4 bins in
P
T
and 2 bins in z were combined or vice versa.
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Fig. 20. Expected impact on up (left) and down (right) quark Sivers distributions as a function of the transverse momentum k
T
for different values of x, obtained from SIDIS pion

and kaon EIC pseudo-data, at the scale of 2 GeV. The orange-shaded areas represent the current uncertainty, while the blue-shaded areas are the uncertainties when including the
ECCE pseudo-data.

Fig. 21. Expected impact on up (left), down (middle) and strange (right) quark Sivers distributions as a function of x, obtained from SIDIS pion and kaon EIC pseudo-data, at
the scale of 2 GeV. The blue-shaded areas represent the uncertainties obtained in the Yellow Report based on the parametrized reference detector, while the orange-shaded areas
are the uncertainties when including the ECCE pseudo-data. From top to bottom the impact of the different collision energies is highlighted.

function of x. It shows that apart from slight differences due to the
ranges assumed for the particle identification and the amount of actual
detector smearing, the uncertainties are quite comparable. This again
highlights that the ECCE detector concept fulfills the requirements
set for the reference detector in the Yellow Report using realistic
simulations of detectors, materials and support structure.

It should be noted that any impact figure relies on the baseline
parameterization of that particular group of global fitters and the
assumptions that group has used within their global fits. The expected
uncertainties from other groups will look different, particularly in
regions of low-x where so far no single spin asymmetry data exists
and most of the uncertainty bands originate in the functional form,

15



C. Van Hulse, J.K. Adkins, Y. Akiba et al. Nuclear Inst. and Methods in Physics Research, A 1056 (2023) 168563

Fig. 4. Statistical (error bars) and total (error bands) uncertainty for each (xB , Q2) bin and for selected ranges in z, for positive-pion A1 asymmetries at 5 ù 41 GeV2 (top two
rows) and 18 ù 275 GeV2 (bottom two rows). An additional global scale uncertainty of 2% accounts for the uncertainty in the beam polarisations, as indicated in the figure. The
central value on the vertical axis of the data points has no meaning.

particles reconstructed by the ECCE detector, based on tracking infor-
mation only, are presented in Fig. 2 for positive pions and in Fig. 3
for negative kaons, for the beam-energy configurations 5 ù 41 GeV2

and 18 ù 275 GeV2. The depolarisation factor is set equal to 1 here.
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 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 complemen-
tary regions in xB for the different ranges in z. The data collected at
high centre-of-mass energy allows one to reach xB values down to 10*4.
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Plots for TDR –  ALL asymmetry 
Charlotte Van Hulse; theory Ignacio Borsa
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Fig. 10. Figures showing the impact of the projected ECCE semi-inclusive DIS data on the determination of the sea-quark helicity distributions for Ñu (left), Ñd (middle) and s (right),
evaluated at Q2 = 10 GeV2. Together with the DSSV14 estimate, the uncertainty bands resulting from the fit that includes the

˘
s = 45 GeV simulated inclusive DIS data and the

reweighting with simulated ECCE semi-inclusive DIS data at
˘
s = 28.6 GeV and

˘
s = 140.7 GeV are presented.

replicas with non-negligible weights would be too small to obtain any
reliable statistical information. The inclusion of the complete data set
would require to perform a new global analysis that would presumably
lead to even smaller uncertainties for the sea-quark distributions.

The impact of the ECCE data at 5ù41GeV2 and 18ù275GeV2 on the
sea-quark helicity distributions is shown in Fig. 10. Here, the helicity
distributions for Ñu, Ñd and s as well as their uncertainty estimates are
presented. The most noticeable feature after the inclusion of the ECCE
semi-inclusive DIS data is the reduction of the uncertainty of �Ñu and
� Ñd for xB < 10*2. This is driven by the data for pion production.
As expected, and due to the charge factor, the Ñu distribution is better
constrained than that of Ñd. Note that the impact at xB < 10*4 is a
consequence of the chosen parameterisation of the distributions.

5. 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. Firstly, 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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