
Measurements with inclusive reactions

• Structure functions: 

•  at low-  (NC and CC) 

• ( , ) (requires multiple )  

•  Double spin asymmetries  and : 

•  vs.  (longitudinally polarized proton)* 

•  vs.  (longitudinally polarized 3He)* 

• Twist-3  vs.  (transversely polarized proton, 2H, 3He) 

*overlap with Tagging & Diffraction WG?
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Related plots from YR
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in Refs. [54–56]. The existing DIS data cover an impressive range in the outgoing
lepton kinematics with x down to 10�5 and Q2 up to the order of 104 GeV2. While
there is a substantial kinematic overlap between the measurements at HERA and
those in fixed-target experiments, they are complementary in accessing the small-
x and large-x longitudinal hadron structure, respectively. On the other hand, the
EIC covers an overlapping kinematic range between HERA and the fixed-target
experiments, with an instantaneous luminosity potentially 3 orders of magnitude
larger than at HERA. The EIC, together with other facilities and, in particular, the
Jefferson Lab 12-GeV program, will allow for a new era in the exploration of the
nucleon structure in high definition.
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Figure 7.1: Simulated statistical and systematic uncertainties for electron-proton NC DIS atp
s = 140.7 GeV. The statistical uncertainties are calculated based on a two-dimensional

binning with 5 bins per decade for both Q2 and x. The determination of the displayed
systematic uncertainties is discussed in Sec. 8.1.6. (The systematic uncertainties correspond
to the “Conservative Scenario” discussed below.)

In Fig. 7.1 we present statistical and systematic uncertainties for the EIC NC cross
sections. While an integrated luminosity of 100 fb�1 provides an impressively
small statistical uncertainty at small x, the overall uncertainties are estimated at
present to be limited by the systematic uncertainties. Details for the projected un-
certainties can be found in Sec. 8.1.

Fig. 7.2 shows the impact of the EIC NC DIS data on our current knowledge of the
differential cross sections computed with the NNPDF3.1 PDF set [57, 58]. Using a
c2-based hypothesis test, we assess the EIC constraining power at the single-bin
level with L = 100 fb�1 of pseudodata and point-by-point systematic uncertain-
ties as described in Sec. 8.1 (left and central panels) and an additional optimized
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Figure 7.13: Left: Impact of projected Ap
LL data at EIC kinematics on gp

1 , relative to the JAM
global QCD analysis [89, 90] (yellow band), taking +1s (“high g1”, red band), �1s (“low
g1”, green band) and central (“mid g1”, blue band) uncertainties of Ap

LL. Right: Uncertainty
on the gluon (DGtrunc) and quark-singlet (DStrunc) truncated moments from xmin = 10�4 to
1 with EIC data (dEIC) normalized to the baseline PDFs uncertainties (d) [89,90], covering the
“low”, “mid” and “high” scenarios, for the case of no SU(3) symmetry (red lines) and with
SU(3) symmetry (blue lines).

of uncertainties on the truncated moments of the quark-singlet and gluon PDFs,
DStrunc and DGtrunc, integrated between xmin = 10�4 and 1, with EIC data to the
baseline JAM results with existing data. The results show that, if one assumes
SU(3) symmetry for the axial vector charges, the uncertainty on DGtrunc can im-
prove by 80 � 90%, depending on the behavior of the low-x extrapolation of gp

1 ,
with an ⇠ 80% reduction in the uncertainty on DStrunc. The reduction is more
modest, however, if one does not impose SU(3) symmetry, in which case the gluon
moment uncertainty decreases by ⇠ 60%, but no clear reduction in the quark sin-
glet uncertainty is apparent from proton EIC data alone.

Helicity and small-x dipole formalism

A prediction for the g1 structure function based on the novel small-x evolution
equations derived by Kovchegov, Pitonyak and Sievert (KPS) in Refs. [92–95] is
shown in Fig. 7.14. The KPS equations evolve the polarized color-dipole scatter-
ing amplitude toward small values of x. At the leading order employed here, the
KPS equations resum powers of as ln2(1/x), generating pQCD predictions for the
small-x behavior of helicity PDFs and for the g1 structure function. The curve in
Fig. 7.14 is obtained by using the large-Nc LO KPS equations (along with their ini-
tial conditions) in the JAM framework [90,96] to fit the existing world DIS data on
A1 and ALL for x < 0.1 and extrapolate the resulting g1 structure function to lower
values of x using the same KPS evolution. The plot was constructed in Ref. [91]
for fixed as = 0.3. Clearly the EIC data will significantly shrink the uncertainty
of this prediction from the light red error band in Fig. 7.14 to the solid red (very
thin) one, allowing for a much better constraint on the proton spin coming from
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lishes the structure function gT as the most prominent observable to study multi-
parton correlations at the EIC. Figure 7.27 shows the projected impact of the EIC
data on gT. The yellow band shows the uncertainty from DIS world data on the
double-spin asymmetries ALL and ALT within the JAM analysis framework [96],
assuming DGLAP evolution for the Q2-dependence. The impact from EIC pseudo-
data is reflected by the red band. The EIC data will allow for entirely new insights
on the PDF gq

T(x) and as such on multi-parton correlations and the interactions of
the struck quark with the partons around it.
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Figure 7.27: Impact of EIC measurements on the structure function gT , using proton,
deuteron and helium targets at L = 100 fb�1, with 1.6% point-by-point uncorrelated sys-
tematic uncertainties. The baseline structure functions g1 and gT are extracted from the
existing world data on ALL and ALT within the JAM framework. The extraction of gT was
done using a suitable parametrization for the x-dependence at the input scale and assuming
DGLAP for the Q2-dependence.

Twist-3 PDF eq(x) from semi-inclusive DIS

The twist-3 PDF eq(x) can be decomposed into three contributions [252] through
QCD equations of motion. The first one is a d(x)-singularity related to the pion-
nucleon sigma term and the non-trivial QCD vacuum structure [211,253–257]. The
second term ẽq(x) is related to a genuine q̄gq contribution with the aforementioned
force interpretation [215]. The third term is proportional to the quark mass and
the unpolarized PDF f q

1 (x). In the bag model, eq(x) is due to the bag bound-
ary [258,259], while constituent quark models feature the mass term as being dom-
inant [252,260–265]. Phenomenologically, the chiral-odd PDF eq(x) must be paired
to another chiral-odd object, associated with fragmentation for deep-inelastic pro-
cesses. This is analogous to the extraction of the transversity described in Sec. 7.2.3.
In Fig. 7.28 the theoretical predictions are shown for the contribution of eq(x) to
the beam-spin asymmetry in semi-inclusive di-hadron production, calculated in
collinear factorization at leading order. This asymmetry receives a contribution
not only from eq(x) but also from a term involving a twist-3 di-hadron fragmenta-
tion function [225]. The latter has not been considered here [220]. The uncertainties
in Fig. 7.28 come from the envelope of the uncertainties on the interference frag-
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Figure 7.11: Correlation (upper panel) and sensitivity (lower panel) coefficients between the
gluon helicity distribution Dg(x, Q2) and the (photon-nucleon) double-spin asymmetry A1,
as well as between the quark-singlet distribution DS(x, Q2) and A1, as a function of {x, Q2}.
The lighter blue and darker blue circles represent the values of the correlation (sensitivity)
coefficient for

p
s = 45 GeV and 140 GeV, respectively. In all the cases the size of the circles

is proportional to the value of the correlation (sensitivity) coefficient.
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Figure 7.12: Impact of the projected EIC ALL pseudoda on the gluon helicity (left panel)
and quark singlet helicity (right panel) distributions as a function of x for Q2 = 10 GeV2.
In addition to the DSSV14 estimate (light-blue), the uncertainty bands resulting from the fit
including the

p
s = 45 GeV DIS pseudodata (blue) and, subsequently, the reweighting withp

s = 140 GeV pseudodata (dark blue), are also shown.

the impact of the extrapolation region, three sets of pseudodata were generated by
shifting the unmeasured region at low x with ±1s confidence level, using existing
helicity PDF uncertainties as well as the central predictions.

In Fig. 7.13 the uncertainty bands for gp
1 before and after the three scenarios (±1s

confidence level and central) at the EIC are shown, along with the ratios dEIC/d
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Plots for ECCE
• Focus on observables (structure functions, asymmetries, etc.) 

• PDG-style plot of projected structure function measurements 
across all , x Q2

18. Structure functions 23

NOTE: THE FIGURES IN THIS SECTION ARE INTENDED TO SHOW THE REPRESENTATIVE DATA.

THEY ARE NOT MEANT TO BE COMPLETE COMPILATIONS OF ALL THE WORLD’S RELIABLE DATA.
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Figure 18.8: The proton structure function F p
2 measured in electromagnetic scattering of electrons and

positrons on protons (collider experiments H1 and ZEUS for Q2 ≥ 2 GeV2), in the kinematic domain
of the HERA data (see Fig. 18.10 for data at smaller x and Q2), and for electrons (SLAC) and muons
(BCDMS, E665, NMC) on a fixed target. Statistical and systematic errors added in quadrature are shown.
The H1+ZEUS combined values are obtained from the measured reduced cross section and converted to F p

2

with a HERAPDF NLO fit, for all measured points where the predicted ratio of F p
2

to reduced cross-section
was within 10% of unity. The data are plotted as a function of Q2 in bins of fixed x. Some points have
been slightly offset in Q2 for clarity. The H1+ZEUS combined binning in x is used in this plot; all other
data are rebinned to the x values of these data. For the purpose of plotting, F p

2
has been multiplied by 2ix ,

where ix is the number of the x bin, ranging from ix = 1 (x = 0.85) to ix = 24 (x = 0.00005). References:
H1 and ZEUS—H. Abramowicz et al., Eur. Phys. J. C75, 580 (2015) (for both data and HERAPDF
parameterization); BCDMS—A.C. Benvenuti et al., Phys. Lett. B223, 485 (1989) (as given in [86]) ;
E665—M.R. Adams et al., Phys. Rev. D54, 3006 (1996); NMC—M. Arneodo et al., Nucl. Phys. B483, 3
(1997); SLAC—L.W. Whitlow et al., Phys. Lett. B282, 475 (1992).



Simulation

• Neutral current (detect scattered electron): 

• Get electron resolution from fun4all, then use physics generator +   
fast smearing? 

• Study background suppression with electron/pions in fun4all 

• Separate physics from background 
  

• Charged current (detect hadronic final state): 

• Jacquet-Blondel method (sum momentum, energy of final state 
hadrons) 

• “Smearing” approach okay, or is full simulation required? 

• What background to worry about?



Event generators

• DJANGOH 

• NC/CC structure functions 

• Longitudinal polarization 

• Nuclear targets, or just proton? 

• Could be used for , ,  

• Nuclear targets? 

• Transversely polarized targets for ?
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