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Implementation

Pythia8 April campaign: ep 10x100 GeV2 , weighted at NLO with ratio of 

nNNPDF10_nlo_as_0118_Au197 x nFF24 (arXiv:2411.08222) and NNPDF30_nlo_as_0118 x pDSSV FF (arXiv:1702.06353)


Luminosity for p: 1 fb-1 (cf. 9x130 table from last week)

Luminosity for Au: 1 fb-1 (cf. 9x130 table from last week)


Statistical uncertainty: from reconstructed data.

Data points: generated data (if there are at least 50 hadrons reconstructed in a bin).


Systematic uncertainty:

Luminosity: 1.4%

Bin-by-bin systematic uncertainty of 3.5%.

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 configurations 18 ⇥ 275 GeV2 and 5 ⇥ 41 GeV2.

1.0e-05 1.58489e-05 2.51189e-05 3.98107e-05 6.30957e-05
1.0e-04 1.58489e-04 2.51189e-04 3.98107e-04 6.30957e-04

xB 1.0e-03 1.58489e-03 2.51189e-03 3.98107e-03 6.30957e-03
1.0e-02 1.58489e-02 2.51189e-02 3.98107e-02 6.30957e-02
1.0e-01 1.58489e-01 2.51189e-01 3.98107e-01 6.30957e-01

1.0
1.0 1.77828 3.16228 5.62341

Q2 [GeV2] 10.0 17.7828 31.6228 56.2341
100.0 177.828 316.228 562.341

1000.0 10000.0
0.01 0.05 0.10 0.15 0.20

z 0.25 0.30 0.40 0.50 0.60
0.70 0.80 0.90 1.00

Table 2: Used kinematic bins in xB, Q2, and z.

cross sections. For the evaluation of this ratio, the parametri-
sation from Ref. [6] is used. The term � stands for e2

q�q,
with e2

q the parton charge squared and �q the quark helic-
ity PDF, or �g, the gluon helicity PDF, depending if the pri-
mary, struck parton is a quark or a gluon. The symbol ⌦
represents the convolution integral of the parton helicity dis-
tribution and the fragmentation function, Dq,g!h, evaluated at
next-to-leading order. As input, the DSSV14 helicity distribu-
tions [1, 7] and the DSS14 pion and kaon fragmentation func-
tions [8, 9] are used. The unpolarised structure function Fh

UU
is the (charge-squared) weighted sum of the convolution in-
tegrals of the spin-independent PDFs and fragmentation func-
tions. For the PDFs, the NNPDF30 nlo as 0118 set [10], evalu-
ated through the LHAPDF interpolator [11], is used. The next-
to-leading order semi-inclusive DIS coe�cients needed in the
calculation are taken from Ref. [12].

Data have been simulated for various sets of lepton and pro-
ton 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 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 pre-

sented. For these energies, the simulated data sets, generated
for di↵erent 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 lu-
minosity 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 baryon-resonance production, and an in-
elasticity 0.01 < y < 0.95, where the upper cut aims at limiting
contributions from QED radiation and the lower cut removes
events with a degraded resolution in the particle’s momentum
reconstruction. The (reconstructed) hadrons are identified using

the generated Monte-Carlo information and their fractional en-
ergy with respect to the energy of the virtual photon exchanged
in the lepton-proton interaction, z, is restricted to lie above 0.01,
in order to limit contributions from target fragmentation. No
special requirement is placed on the hadron rapidity. The rapid-
ity distribution (in the laboratory frame) of the generated and
reconstructed pions and kaons is presented in figure 1. The se-
lected data sample is evaluated in 25 bins of xB, 13 bins of Q2,
and 13 bins of z, as presented in table 2.

3. Evaluation of the asymmetries

Experimentally clean access in semi-inclusive DIS to the he-
licity distributions is provided by the extraction of longitudinal
double-spin asymmetries. Assuming constant lepton-beam and
proton-beam polarisation, respectively Pe and Pp, they can be
written as:
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(xB,Q2, z) (2)

= D(y)Ah
1(xB,Q2, z), (3)

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 corresponding lumi-

nosity. The asymmetry Ah
k represents the asymmetry with re-

spect to the lepton-beam direction, while Ah
1 is the asymmetry

with respect to the virtual photon and gives access to the con-
volution 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
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