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The extraction of neutrino mixing parameters from accelerator-based neutrino oscillation experi-
ments relies on proper modeling of neutrino-nucleus scattering processes using neutrino interaction
event generators. Experimental tests of these generators are made more difficult by the broad
range of neutrino energies produced in accelerator-based beams and the low statistics of current
experiments. Here we overcome this difficulty by exploiting the similarity of neutrino and electron
interactions with nuclei to test neutrino event generators using high-precision inclusive electron
scattering data. To this end we revised the electron-scattering mode of the GENIE event generator
(e-GENIE) to include electron-nucleus bremsstrahlung radiation effects and to use the exact same
physics models and, when relevant, model parameters, as the standard neutrino-scattering version.
We also implemented new models for quasielastic (QE) scattering and meson exchange currents
(MEC) based on the theory-inspired SuSAv2 approach. Comparing the new e-GENIE predictions
with inclusive electron scattering data, we find an overall adequate description of the data in the
QE- and MEC-dominated lower energy transfer regime, especially when using the SuSAv2 models.
Higher energy transfer-interactions, which are dominated by resonance production, are still not well
modeled by e-GENIE.

Introduction

The extraction of neutrino mixing parameters from neu-
trino oscillation experiments relies on comparing the
energy-dependent neutrino flux Φi(E,L) for neutrino fla-
vor νi near the neutrino production point (L ≈ 0) with
that at a significant distance L away. In practice, the
flux is extracted from the measured neutrino-nucleus in-
teractions in a detector, Ni(Erec, L), where Erec is the
incident neutrino energy, as reconstructed from the mea-
sured particles ejected in the neutrino-nucleus interac-
tion. Extracting Φi(E,L) from Ni(Erec, L) therefore re-
quires knowledge of the ν-nucleus interaction processes.

The measured interaction rate is related to the incident
neutrino flux via

N(Erec, L) ∝
∑
i

∫
Φ(E,L)σi(E)fσi

(E,Erec)dE, (1)

where σi(E) is the neutrino interaction cross-section for
process i and fσi(E,Erec) is a neutrino energy smear-
ing matrix that relates the real and experimentally-
reconstructed neutrino energies. The precision with
which one can model σi(E) and fσi

(E,Erec) determines
the precision with which one can extract the neutrino

flux. This in turn fixes the precision of the extracted
oscillation parameters.

Our knowledge of σi(E) and fσi
(E,Erec) is encapsu-

lated in event generators, computer programs which im-
plement neutrino interaction models suitable for use in
Monte Carlo simulations. Due to the critical role played
by neutrino event generators in the analysis and inter-
pretation of data obtained by oscillation experiments,
testing and improving generator physics models is es-
sential for reducing systematic uncertainties in precision
neutrino experiments. However, due to the broadband
nature of accelerator-based neutrino beams (i.e., their
wide range of neutrino energies) and the limited statis-
tics available from current experiments, it is very difficult
to measure differential neutrino-nucleus cross sections for
specific neutrino energies and to test beam energy recon-
struction techniques.

Because neutrinos and electrons are both leptons, they
interact with atomic nuclei in similar ways (see Fig. 1).
Electrons interact via a vector current (jµEM = ūγµu)
and neutrinos interact via vector and axial-vector (jµCC =

ūγµ(1− γ5)u−igW
2
√

2
) currents.

This gives an inclusive (e, e′) electron-nucleon scatter-
ing cross section that depends on only two structure func-
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tions:

d2σe

dxdQ2
=

4πα2

Q4

[
1− y
x

F e2 (x,Q2) + y2F e1 (x,Q2)

]
.(2)

Here F e1 and F e2 are the standard electromagnetic vector
structure functions, Q2 = q2−ω2 is the squared momen-
tum transfer and q and ω are the three-momentum and
energy transfers, x = Q2/(2mω) is the Bjorken scaling
variable, m is the nucleon mass, y = ω/Ee is the elec-
tron fractional energy loss, and α is the fine structure
constant. This formula is valid for Q2 � m2 where the
electron-nucleon cross section is simplest. Cross sections
at lower Q2 have more complicated factors multiplying
each of the two structure functions.

The corresponding inclusive charged current (CC)
(ν, l±) neutrino-nucleon cross section (where l± is the
outgoing charged lepton) has a similar form with the ad-
dition of third, axial, structure function:

d2σν

dxdQ2
=
G2
F

2π

[
1− y
x

F ν2 (x,Q2) + y2F ν1 (x,Q2)

−y(1− y/2)F ν3 (x,Q2)
]
.

(3)

Here F ν1 and F ν2 are the neutrino-nucleus vector struc-
ture functions, F ν3 is the axial structure function, and
GF is the Fermi constant. The parity-conserving struc-
ture functions, F ν1 and F ν2 , both include a vector-vector
term identical to F e1 and F e2 , and an additional axial-axial
term. See Refs. [1–3] for more detail.

These simple equations are very similar for lepton-
nucleus scattering. In the limit of electron-nucleon elastic
scattering (x = 1), the two structure functions reduce to
the Dirac and Pauli form factors (which are linear combi-
nations of the electric and magnetic form factors, GE(Q2)
and GM (Q2)). Neutrino-nucleon elastic scattering has an
additional axial form factor. In the simplest case where
a lepton scatters quasielastically from a nucleon in the
nucleus and the nucleon does not reinteract as it leaves
the nucleus, then the lepton-nucleus cross section is the
integral over all initial state nucleons:

dσ

dEdΩ
=

∫
pi

∫
Eb

d3pidEbKS(pi, Eb)
dσfree

dΩ

δ3(q− pf − pr)δ(ω − Eb − Tf − Tr)
(4)

FIG. 1. (left) electron-nucleus inclusive scattering via one-
photon exchange and (right) charged current neutrino-nucleus
inclusive scattering via W exchange with a final state charged
lepton.

FIG. 2. Reaction mechanisms for lepton-nucleus scattering
(a) quasielastic scattering (QE) where one nucleon is knocked
out of the nucleus, (b) 2p2h where two nucleons are knocked
out of the nucleus, (c) RES resonance production where a
nucleon is excited to a resonance which decays to a nucleon
plus meson(s), and (d) DIS where the lepton interacts with a
quark in the nucleon.

where pi and pf are the initial and final momenta of
the struck nucleon (in the absence of reinteraction, pf =
q + pi), pr = −pi is the momentum of the recoil A − 1
nucleus, Eb is the nucleon binding energy, S(pi, Eb) is
the probability of finding a nucleon in the nucleus with
momentum pi and binding energy Eb, Tf and Tr are
the kinetic energies of the final state nucleon and A − 1
system, dσfree/dΩ is the lepton-bound nucleon elastic
cross section, and K is a known kinematic factor.

This simple form is complicated for electrons and neu-
trinos by nucleon reinteraction which changes the overlap
integral between the initial and final states (and thus the
cross section), and changes the momentum and angle of
the outgoing nucleon.

Thus, to calculate even the simplest type of lepton-
nucleus interaction, we need to know the momentum and
binding energy distribution of all nucleons in the nucleus,
how the outgoing nucleon wave function is distorted by
the nucleon-nucleus potential, and how the outgoing nu-
cleon kinematics is changed by final state interactions.

In addition, the lepton can knock out two nucleons
simultaneously, either by interacting with a nucleon be-
longing to a short range correlated (SRC) pair [4] or by
interacting with a meson being exchanged between two
nucleons. And, of course, these two interactions add co-
herently. The lepton can interact with a nucleon, exciting
it to a resonance, which then deexcites resulting in emis-
sion of a nucleon plus mesons or of two nucleons. The
lepton can also scatter inelastically from a quark in a
nucleon. All of these different reaction mechanisms are
very similar for electrons and for neutrinos. The out-
going hadrons in all of these interactions will interact
identically with the residual nucleus, whether they are
knocked out by an electron or by a neutrino.

This correspondence provides a valuable opportunity
for rigorous tests of event generators: any generator
model set which fails to accurately describe eA (vector)
scattering data cannot be used with confidence to simu-
late νA (vector + axial-vector) interactions.

To demonstrate what can be learned by confronting a
neutrino event generator with electron scattering data,
we have created e-GENIE: a new electron-scattering
version of the widely-used GENIE [5] event generator.
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Whenever possible e-GENIE uses the same code and the
same sets of physics models as the standard neutrino ver-
sion.

Here we focus specifically on testing our current knowl-
edge of σi(E) by benchmarking e-GENIE against exist-
ing inclusive electron scattering data for different target
nuclei at several incident beam energies and scattered
electron angles. We find that the new SuSAv2 models
describe the inclusive data better than the older ones,
but resonance production reactions are still not well de-
scribed, especially at larger momentum transfer.

Modeling

The most common lepton-nucleus interaction mecha-
nisms include (Fig. 2): (a) quasielastic (QE) scattering
from individual moving nucleons in the nucleus; (b) two-
nucleon knockout, due to interactions with a meson being
exchanged between two nucleons or to interactions with
an SRC pair (refered to meson exchange current, MEC
or two-particle two-hole excitations, 2p2h); (c) interac-
tions which leave the struck nucleon in an excited state
(resonance production or RES); and (d) non-resonant in-
teractions with a quark within the nucleon (DIS).

For fixed incident beam energy and scattered electron
angle, the dominant process changes from QE at low en-
ergy transfer (ω ≈ Q2/2m) through MEC to RES and
to DIS at high energy transfer. Therefore, examining
the agreement of e-GENIE with data as a function of
energy transfer can provide valuable insight into the spe-
cific shortcomings of the e-GENIE models and their im-
plementations.

The GENIE simulation framework offers several mod-
els of the nuclear ground state, several models for each
of the eA or νA scattering mechanisms (each with var-
ious tunable model parameters), and several models for
hadronic final state interactions (FSI), i.e., intranuclear
rescattering of the outgoing hadrons [5, 6]. In this sec-
tion, we describe the different models relevant for this
work and the electron-specific effects that we accounted
for during e-GENIE development.

Since our goal is to use electron scattering data to val-
idate neutrino interaction modeling in GENIE, we chose
to unify the GENIE code for electron and neutrino scat-
tering modes wherever possible. The neutrino interacts
with a nucleus via the weak interaction and massive W or
Z exchange, whereas the electron interacts mostly elec-
tromagnetically via massless photon exchange, see Fig. 1.
Both interactions probe the same nuclear ground state
and many of the nuclear reaction effects are similar or
identical. We thus constructed e-GENIE by setting the
axial part of the interaction to zero and using cross sec-

tions that effectively differ by a factor of 8π2α2

G2
FQ

4 (see Eqs. 2

and 3).

When generating events for a beam of leptons with a
continuously-distributed energy spectrum, GENIE sam-

ples an initial projectile energy E for each event using a
probability density function of the form

P (E) ∝ Φ(E)
∑
i

σi(E) (5)

where Φ is the incident flux and the sum runs over the
total cross sections σi for each available interaction mode
(QE, MEC, RES, etc.). A specific mode j is then sampled
with probability

Pj =
σj(E)∑
i σi(E)

. (6)

GENIE does not include interference between the am-
plitudes of different reaction modes, i.e., the total cross
section is obtained by adding the individual cross sections
σi(E) incoherently.

Many of the models reported in this work (except for
SuSAv2) use the GENIE implementation of the local
Fermi gas (LFG) model to describe the nuclear ground
state. In a regular Fermi gas model, nucleons occupy all
momentum states up to the global Fermi momentum kF
with equal probability. In the LFG model, the Fermi mo-
mentum at a given radial position depends on the local
nuclear density (obtained from measurements of nuclear
charge densities). To account for this radial dependence,
GENIE selects an initial momentum for the struck nu-
cleon by first sampling an interaction location r inside
the nucleus according to the nuclear density. The nu-
cleon momentum is then drawn from a Fermi distribution
using the local Fermi momentum kF (r).

We consider two distinct sets of GENIE models for
QE and MEC: those used in the G18 10a 02 11a config-
uration of GENIE v3.0.6 (referred to here as G2018) and
chosen to describe data including mainly bubble chamber
CCQE, CC1π, CC2π, CC inclusive and normalised topo-
logical cross-section data [7], and those used in the new
SuSAv2 model set [8] approved for inclusion in the near-
future GENIE v3.2 release as the GTEST19 10b 00 000

configuration and referred to here as SuSAv2. In both
model sets, RES is modeled using the Berger-Sehgal
model [9] and DIS reactions are modeled using Bodek
and Yang[10]. These interactions are described in more
detail below.

Quasi Elastic (QE)

In QE interactions, a lepton scatters on a single nu-
cleon, removing it from the spectator A−1 nucleus unless
final-state interactions lead to reabsorption.

The electron QE interaction in the G2018 configura-
tion of GENIE uses the Rosenbluth cross section with
the vector structure function parametrization of Ref. [11].
We corrected the implementation of this model for e-
GENIE and modified the cross section as described
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above. This electron QE cross section differs in important
ways (notably, the Rosenbluth treatment lacks medium
polarization corrections) from the Valencia CCQE model
[12] used in the G2018 configuration for neutrinos.

A new QE model in GENIE, based on the SuSAv2 ap-
proach [8, 13, 14], uses superscaling to write the inclusive
cross section in terms of a universal function (i.e., inde-
pendent of momentum transfer and nucleus). For EM
scattering, the scaling function may be expressed in the
form

f(ψ′) = kF

d2σ
dΩedν

σMott(vLGee
′

L + VTGee
′

T )
, (7)

where ψ′ is a dimensionless scaling variable, kF is the
nuclear Fermi momentum, the denominator is the single-
nucleon elastic cross section, vL and vT are known func-
tions of kinematic variables, and Gee

′

L (q, ω) and Gee
′

T (q, ω)
are the longitudinal and transverse nucleon structure
functions (linearly related to F e1 and F e2 ) [15]. For e-
GENIE, we extended the original implementation for
neutrinos [8] to the electron case using a consistent
physics treatment.

The original SuSAv2 QE cross section calculations
used a Relativistic Mean Field (RMF) model of the nu-
clear ground state [16, 17]. This approach includes the
effects of the real part of the nucleon-nucleus potential
on the outgoing nucleons which creates a “distorted” nu-
cleon momentum distribution.

Although GENIE lacks the option to use an RMF nu-
clear model directly, we achieve approximate consistency
with the RMF-based results by using a two-step strategy
for QE event generation. First, an energy and scatter-
ing angle for the outgoing lepton are sampled according
to the inclusive double-differential cross section. This
cross section is computed by interpolating precomputed
values of the nuclear responses Gee

′

L (q, ω) and Gee
′

L (q, ω)
which are tabulated on a two-dimensional grid in (q, ω)
space. The responses were obtained using the original
RMF-based SuSAv2 calculation.

Second, the nucleon kinematics are determined by
choosing its initial momentum from an LFG distribution.
The default nucleon binding energy used in GENIE for
the LFG model is replaced for SuSAv2 with an effective
value tuned to most closely duplicate the RMF distribu-
tion. The outgoing nucleon kinematics are not needed
for the comparisons to inclusive (e, e′) data shown in this
work.

Meson Exchange Current (MEC)

MEC describes an interaction that results in the ejec-
tion of two nucleons from the nucleus (often referred to as
2p2h). It typically proceeds via lepton interaction with
a pion being exchanged between two nucleons or by in-

teraction with a nucleon in an SRC pair. GENIE has
several models for MEC.

The G2018 configuration of e-GENIE uses the empiri-
cal Dytman model [18], that is useable for both eA and
νA scattering. It assumes that the MEC peak for inclu-
sive scattering has a Gaussian distribution in W and is
located between the QE and first RES peaks. The ampli-
tude of the MEC peak was tuned to electron scattering
data. This model was developed in the context of empir-
ically fitting GENIE to MiniBooNE inclusive neutrino
scattering data.

For charged-current neutrino interactions, GENIE
G2018 uses the very different Valencia 2p2h model
[12, 19] instead of the empirical Dytman model, which
is still used for neutral-current interactions.

Another MEC model, available for both eA and νA
scattering, is the SuSAv2 MEC model [13, 20, 21]. The
evaluation of the 2p2h MEC contributions is performed
within an exact RFG-based microscopic calculation that
englobes the 2p2h states excited by the action of meson-
exchange currents within a fully relativistic framework
[14, 22–24], and considers the weak vector and axial com-
ponents for neutrino-nucleus interactions in both longi-
tudinal and transverse channels as well as a complete
analysis for electromagnetic reactions. As in the case for
the SuSAv2 QE model, we extend the original GENIE
implementation of SuSAv2 MEC for neutrinos [8] to the
electron case for e-GENIE.

Resonance (RES) and Deep Inelastic Scattering (DIS)

Resonance production in GENIE is simulated using the
Berger-Sehgal model [9], in which the lepton interacts
with a single moving nucleon and excites it to one of 16
resonances. The cross sections are calculated based on
the Feynman-Kislinger-Ravndal (FKR) model [25], with-
out any interferences between them.

The GENIE treatment of deep inelastic scattering used
in this work is based on that of Bodek and Yang [10].
Hadronization is modeled using an approach which tran-
sitions gradually between the AGKY model [26] and the
PYTHIA 6 model [27]. At low values of the hadronic
invariant mass W , the Bodek-Yang differential cross sec-
tion is scaled by tunable parameters that depend on the
multiplicity of hadrons in the final-state [6].

These parameters (together with a few others, such as
the axial masses for CCQE and CCRES) were recently
retuned by the GENIE collaboration to measurements of
charged-current νµ and ν̄µ scattering on deuterium [7].
The new tuning is included in the G2018 configuration
but not in SuSAv2. The modeling of RES and DIS is
otherwise identical.
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 [GeV]
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H(e,e'p) E1
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# 
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ts
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Data

GENIE + radiative correction

GENIE default

FIG. 3. Number of events vs Ecal = Ee′ + Tp the scat-
tered electron energy plus proton kinetic energy for 4.32 GeV
H(e, e′p). Black points are data [31] , red histogram shows
the unradiated GENIE prediction and blue histogram shows
the GENIE prediction with electron radiation. The GENIE
calculations have been scaled to have the same integral as the
data.

Final State Interactions (FSIs)

The IntraNuclear Cascade (INC) model for FSI
and hadronization is done in GENIE by the IN-
TRANUKE [28, 29] package including two options. The
first, hA, an empirical data-driven method, uses the
cross-section of pions and nucleons with nuclei as a func-
tion of energy up to 1.2 GeV and the CEM03 [30] calcu-
lation normalised to low energy data for higher energies.
The second, hN, is a full INC calculation of pions, kaons,
photons, and nucleon interactions with nuclei up to 1.2
GeV.

The e-GENIE G2018 configuration uses the hA FSI
model, while SuSAv2 uses hN. However, the choice of
FSI model has no effect on the inclusive cross sections
considered in the present work.

Radiative Corrections

When electrons scatter from nuclei, there are several
radiative effects that change the cross section. The in-
coming and outgoing electrons can each radiate a real
photon, which changes the kinematics of the interaction
or the detected particles, and there can be vertex or prop-
agator corrections that change the cross section. When
comparing electron scattering data to models, either the
data or the model needs to be corrected for radiative
effects. Published electron scattering cross sections are
typically corrected for radiative effects, but this correc-
tion is complicated and somewhat model-dependent.

We implemented a framework for electron radiative
corrections in GENIE for the first time to allow compar-
isons to non-radiatively corrected data. The framework
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Ω
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d
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FIG. 4. Comparison of inclusive C(e, e′) scattering cross sec-
tions for data and for GENIE. (left) data vs SuSAv2 and
(right) data vs G2018. (top) E0 = 0.24 GeV, θe = 60◦ and
Q2

QE ≈ 0.05 GeV2 [33], (middle) E0 = 0.56 GeV, θe = 36◦

and Q2
QE ≈ 0.11 GeV2 [33], and (bottom) E0 = 0.56 GeV,

θe = 60◦ and Q2
QE ≈ 0.24 GeV2 [33]. Black points show

the data, solid black lines show the total GENIE prediction,
colored lines show the contribution of the different reaction
mechanisms: (blue) QE, (magenta) MEC, (red) RES and
(green) DIS.

allows electron radiation, which can change the kinemat-
ics of the event by changing either the incident or scat-
tered electron energy (through radiation of a real pho-
ton). We modeled external radiation in the same way as
the Jefferson Lab SIMC event generator [32]. Future ver-
sions of e-GENIE will incorporate cross section changes
due to vertex and propagator corrections.

We validated the radiative correction procedure by
comparing a simulated sample to electron scattering from
protons at Jefferson Lab. Figure 3 shows the data com-
pared to the GENIE simulation with and without radia-
tive corrections. The radiatively corrected calculation is
clearly much closer to the data. The radiative tail of the
distribution is only significant for about 5 MeV below the
peak.

This correction is used for comparisons with non-
radiatively-corrected data. It was not used to compare
with the radiatively-corrected inclusive data shown be-
low.

e-GENIE comparisons to inclusive electron
scattering data

To test e-GENIE, we compare inclusive electron scatter-
ing data to theoretical predictions made using two differ-
ent program configurations which differ in their choice of
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FIG. 5. Comparison of inclusive C(e, e′) scattering cross sec-
tions for data and for GENIE. (left) data vs SuSAv2 and
(right) data vs G2018. (top) E0 = 0.96 GeV, θe = 37.5◦ and
Q2

QE ≈ 0.32 GeV2 [34], (middle) E0 = 1.30 GeV, θe = 37.5◦

and Q2
QE ≈ 0.54 GeV2 [34], and (bottom) E0 = 2.22 GeV,

θe = 15.5◦ and Q2
QE ≈ 0.33 GeV2 [35]. Black points show

the data, solid black lines show the total GENIE prediction,
colored lines show the contribution of the different reaction
mechanisms: (blue) QE, (magenta) MEC, (red) RES and
(green) DIS.

QE and MEC models: G2018 (which adopts the Rosen-
bluth model for QE and the empirical Dytman model for
MEC) and SuSAv2 (which adopts SuSAv2 for both QE
and MEC).

Figs. 4, 5 and 6 show the inclusive C(e, e′) cross sec-
tions for a wide range of beam energies and scatter-
ing angles compared to the G2018 and SuSAv2 mod-
els. The QE peak is the one at lowest energy transfer
(ν ≈ Q2/2m) in each plot. The next peak at about 300
MeV larger energy transfer corresponds to ∆(1232) ex-
citation and the “dip region” is between the two peaks.
SuSAv2 clearly describes the QE and dip regions much
better than G2018, especially at the three lowest momen-
tum transfers (see Fig. 4). G2018 has particular difficulty
describing the data for E0 = 0.24 GeV and θe = 60◦,
where Q2 = 0.05 GeV2 at the quasielastic peak. G2018
also predicts too small a width for the quasielastic peak
and too small a 2p2h/MEC contribution for E0 = 0.56
GeV and θe = 60◦. At higher incident energies, SuSAv2
describes the data better than G2018, although it over-
predicts the dip region cross section at E0 = 1.299 GeV
and θe = 37.5◦. Both model sets significantly disagree
with the data in the resonance region (where they use
the same RES and DIS models).

Fig. 7 shows the inclusive Ar(e, e′) cross sections for
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FIG. 6. Comparison of inclusive C(e, e′) scattering cross sec-
tions for data and for GENIE. (left) data vs SuSAv2 and
(right) data vs G2018. (top) E0 = 1.501 GeV, θe = 37.5◦ and
Q2

QE ≈ 0.92 GeV2 [34], (middle) E0 = 3.595 GeV, θe = 16◦

and Q2
QE ≈ 1.04 GeV2 [36], and (bottom) E0 = 3.595 GeV,

θe = 20◦ and Q2
QE ≈ 1.3 GeV2 [36]. Black points show

the data, solid black lines show the total GENIE prediction,
colored lines show the contribution of the different reaction
mechanisms: (blue) QE, (magenta) MEC, (red) RES and
(green) DIS.

E0 = 2.222 GeV and θe = 15.54◦ [37] compared to the
G2018 and SuSAv2 models. Both models reproduce the
data moderately well in the QE, dip and ∆-peak regions,
but there is again significant disagreement at larger en-
ergy transfers.

Fig. 8 shows the inclusive Fe(e, e′) cross sections for
several beam energies and scattering angles compared to
the G2018 and SuSAv2 models. The SuSAv2 model de-
scribes the QE region better for all three data sets. The
SuSAv2 model describes the dip region significantly bet-
ter for the two lower energies, but overpredicts the cross
section there at the highest energy. The disagreement
near the ∆ peak is a bit smaller for the Fe data than the
corresponding C data.

Summary

We implemented an electron version of GENIE, the popu-
lar neutrino-nucleus event generator. This new version of
GENIE is designed to use the same cross section models
and the same event generation machinery as the neutrino
version, in order to rigorously test the vector current part
of the lepton-nucleus interaction. We also added partial
radiative corrections for electron scattering.

We compared two different GENIE model sets to in-
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FIG. 7. Comparison of inclusive Ar(e, e′) scattering cross sec-
tions for data and for GENIE at E0 = 2.22 GeV, θe = 15.5◦

and Q2
QE ≈ 0.33 GeV2 [37]. (left) data vs SuSAv2 and (right)

data vs G2018. Black points show the data, solid black lines
show the total GENIE prediction, colored lines show the con-
tribution of the different reaction mechanisms: (blue) QE,
(magenta) MEC, (red) RES and (green) DIS.
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FIG. 8. Comparison of inclusive Fe(e, e′) scattering cross
sections for data and for GENIE. (left) data vs SuSAv2
and (right) data vs G2018. (a) Fe(e, e′), E0 = 0.96 GeV,
θe = 37.5◦ and Q2

QE ≈ 0.32 GeV2 [34], (b) Fe(e, e′), E0 = 1.30

GeV, θe = 37.5◦ and Q2
QE ≈ 0.54 GeV2 [34]. Black points

show the data, solid black lines show the total GENIE pre-
diction, colored lines show the contribution of the different
reaction mechanisms: (blue) QE, (magenta) MEC, (red) RES
and (green) DIS.

clusive electron-scattering data for a wide range of tar-
gets, beam energies and scattering angles. The G2018
and SuSAv2 model sets differ in their description of QE
and MEC scattering. Both models describe the data at
least moderately well in the QE and MEC regions. The
SuSAv2 model set describes the QE and MEC regions
in most of the data sets better than G2018. However,
at the highest momentum transfers, e-GENIE dramati-
cally overpredicts the data, indicating significant prob-

lems with the momentum-transfer dependence of the
RES and DIS models used.

By developing an electron version of GENIE that uses
the same reaction mechanism models as the standard
neutrino version, we have prepared the machinery to test
the vector current part of the lepton-nucleus interaction
against more extensive, and more exclusive, electron scat-
tering data sets. This should provide enough information
to allow us to improve the vector current interactions in
neutrino event generators, which should improve the pre-
cision of future neutrino oscillation experiments.
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