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Same discussion applies to Hyper-Kamiokande



Motivation
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ν oscillations

Neutrino Energy reconstruction 
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ν cross-sections is the “language” that allows to measure and transport the measurements 
across detectors and experiments. But, it is imprecise! 



Neutrino interactions 
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Energy reconstruction at T2K
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Kinematics
• Only a fraction of the energy is visible:

• The energy reconstruction is 
obtained guessing the reaction 
channel: 

• CCQE in the interesting region 
for T2K. 

• Rely on channel interaction id:

• mainly pion appearance 
(topologies). 

• Rely on the proper modelling of the 
interactions.



Kinematical approach
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In the kinematical  case                   is given by models tuned 
by experiments.  
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Event topologies

• Minerva and T2K adopted the idea of the event 
topologies based on the presence of pions (easy to 
detect) and or protons in the final state.
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CC0π+

CC1π+
CCother

This is an excellent way to unify data releases to allow for comparisons. 
Do experiments mean the same when talk about CC0π?

Topologies are used in T2K to identify interactions at the nucleon level for kinematic 
energy reconstruction.



Model ingredients
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T2K approach
• T2K has a dedicated group “Neutrino Interaction Working group” (NIWG) 

in charge of:  

• evaluating models to incorporate to the T2K physics analysis.  

• Supervise and evolve the T2K (and SK) neutrino Monte-Carlo: NEUT. 

• define set of uncertainties, based on physics principles as much as 
possible, to be adjusted to the  near detector data for the neutrino 
oscillation program.   

• Support data analysis on the definition of observables and its 
relevance.  

• This group runs with the support of theorists and a group of experimenters 
with interest in modelling and Monte Carlo generation. 

8

This approach requires plenty of additional experimental measurements.



Energy reconstruction
• Work developed by the e4ν collaboration.  

• Follow the same recipe that in the ν case but with well defined 
energy electron beam. 
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Reconstruct 

!-Energy

! Near Detector data: 
Measure "" ##$%, 0
⟹ integrated constraint on 
'&(#) and *'!(#, ##$%)

Measure counts
Use an interaction model to deconvolute the ! Flux.

L. Weinstein, NuFact 2021 6

Electron Data

Event Generators: theory models, +
data, ! ND data …

Nα(Erec,L)= Φα∫
i
∑ (E,L)σ i(E) fσi

(E,Erec)dE
measured ! Flux interaction model

• T2K is interested in this type of analysis for oxygen and carbon for 
energies from ~400 MeV to ~1200 MeV.

Strong dependency with the final 
state lepton has to be considered.

L. Weinstein NuFact 2021



T2K ND280 upgrade
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Scintillator  cube

WLS fibers

Figure 2.1: Schematic concept of the SuperFGD structure. The size of each cube is 1£1£1 cm3.

Figure 2.2: Schematic of the signal routing for SuperFGD. The frontend electronics will be placed on
the left and right sides of the detector. Analog signal from the upstream and the top face will be routed
to left/right.

read out along three orthogonal directions by wavelength shifting (WLS) fibers. Figure 2.1

shows a conceptual drawing of SuperFGD. Each scintillator cube has three holes in x, y , and

z directions, where WLS fibers are inserted. One end of each WLS fiber is instrumented with a

Multi-Pixel Photon Counter (MPPC). Because SuperFGD will provide projections of charged

particle trajectories onto three planes without inactive regions, it will provide us significantly

more information on the neutrino interaction compared to the existing FGDs.

In the baseline design, the dimension of the active part of SuperFGD is 192£192£56

cubes, with the size of each cube being 1£1£1 cm3. The total numbers of cubes and readout

channels will be 2,064,384 cubes and 58,368 channels, respectively.

The MPPCs will be placed on the upstream, top, left and right side of the detector. For the

readout of y-z plane, half of MPPCs are placed on each of the left and right side in order to

equalize the density of readout channels. The analog signal from the upstream and the top
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5 mm Pb converter was placed in front of the MDX dipole magnet operating at 1 T. On an

event-by-event basis, the photon generated by interaction of the electron in the Pb target

is sufficiently boosted in the forward direction to travel towards the SuperFGD prototype.

The outgoing electron is diverted away from the initial beam axis by the MDX magnet, and

recorded by an off-axis scintillator trigger.

An event display for one of the photon conversions observed is shown in Fig. 2.55. The

top view confirms that the photon, which is incident on the prototype at z=0, interacts at

z=26. The photon converts to an electron-positron pair roughly in the center of the detector.

Figure 2.54: Experimental area setup for the photon conversion runs.

Figure 2.55: An event display showing a photon conversion in the SuperFGD prototype.
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uncertainties.

6.3.1 Muon neutrino selection

A selection of ∫µ and ∫̄µ charged-Current interactions has been developed in order to evaluate

the performance of the new detector design with respect to the current design.

For each neutrino (antineutrino) interaction, the most energetic negative (positive) track

is selected as the muon candidate. The event is then retained if the muon candidate cross one

of the TPCs active volumes for more than 20 cm and if it is identified as a muon according

to the PID algorithms. High angle tracks are also added if the muon candidate enter ECal

and is identified as a muon there. Once the muon candidate is selected, we search for pions

emitted in the interactions. Mimicking the ND280 algorithms, pions are reconstructed if they

enter the TPC or if they are stopped in one of the scintillating detector with a track length

longer than 20 cm. More details on the SuperFGD performances in reconstructing pions and

protons will be given in Sect. 6.4.

Figure 6.9 shows the distribution of the muon true momentum versus polar angle for

selected events, while Fig. 6.10 presents the selection efficiency for ∫µ Charged-Current

(CC) inclusive events in neutrino mode. The upgraded configuration clearly improves the

angular acceptance of the detector both for high-angle muons thanks to the new HA-TPCs

and backward thanks to the ToF detector box.
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Figure 6.9: Distribution of selected ∫µ Charged-Current events in the two configurations, in neutrino
mode, as a function of true muon momentum and polar angle.

The numbers of expected events in each beam mode and in each configuration are

shown in Tab. 6.4. The larger target mass and the improved performances of the upgraded

configuration allows providing about twice the number of selected events with respect to

Improved angular acceptance 
Better coverage of  

high angle/high nuclear effects
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Figure 6.13: Track reconstruction efficiencies for muons (top), pions (middle) and protons (bottom)
in SuperFGD with three readout views or with only two readout views.Proton threshold from 400 MeV/c 

Calorimetric reconstructions



 Enhanced transverse variables
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Transverse variables 
sensitivities
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FIG. 4. Probability density function of δpT (upper) and δαT

(lower) predicted by NuWro for different neutrino energy.
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NuMI (on-axis) beam line [18] on a carbon target are sim-
ulated by NuWro (version 11q) [12] and GENIE (version
2.10.0) with the hA FSI model [19]. Since the neutrino
energy is well above the saturation scale O(0.5 GeV),
the minimal energy dependence of the transverse kine-
matic imbalance applies. Interesting features of the im-
plemented nuclear effects in the models are therefore
maximally preserved and readily identified as shown be-
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with the Bodek-Ritchie modifications (BR-RFG) [20], local
Fermi gas (LFG) [21] and spectral function (SF) [22]. The
NuMI [18] on-axis flux shape is used to simulate the neutrino
energy distribution.

low.

The NuWro prediction for δpT in QE is shown in Fig. 6.
Four models of the nuclear state— relativistic Fermi gas
(RFG) [14], relativistic Fermi gas with the Bodek-Ritchie
modifications (BR-RFG) [20], local Fermi gas (LFG) [21]
and spectral function (SF) [22]—are compared. The de-
formation of the pN

T shape due to FSI, which results in
the long tail towards the upper end of the δpT distri-
bution, is limited by the FSI strength quantified by τf.
For finite τf, as is the case predicted by NuWro (see e.g.
Fig. 1), the δpT shapes largely preserve the Fermi motion
distributions—a useful technique for understanding novel
target materials in future experiments such as DUNE [1].

The NuWro and GENIE predictions for δαT and δφT

in QE are shown in Fig. 7. When FSI is switched off in
both simulations, consistent distributions are observed.
With the nominal settings, the two predictions signifi-
cantly differ in the %qT-collinear regions—δαT ∼ 0, 180
degrees and δφT ∼ 0 degrees—where GENIE predicts a
much enhanced probability. While the NuWro distribu-
tions show normal evolution when the FSI is switched
on as one would expect from the in-medium deflection
and deceleration caused by FSI, the GENIE distributions
show an inverted tendency. Motivated by this observa-
tion, the GENIE Collaboration suggested to investigate
the effect of the elastic interaction of the hA FSI model.
In the nominal GENIE simulation for QE on carbon,
events with protons that undergo this FSI interaction
amount to about 40% at the NuMI beam energy. Af-
ter removing these events, the GENIE prediction is more
consistent with the NuWro nominal one, as is shown in
Fig. 7. Further investigation taking into account the de-
pendence on p!

′

T (in a similar approach to Fig. 3) shows
that in δαT the collinear enhancement is of an appearant
acceleration feature at low qT (! 200 MeV/c at NuMI
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The NuWro prediction for δpT in QE is shown in Fig. 6.
Four models of the nuclear state— relativistic Fermi gas
(RFG) [14], relativistic Fermi gas with the Bodek-Ritchie
modifications (BR-RFG) [20], local Fermi gas (LFG) [21]
and spectral function (SF) [22]—are compared. The de-
formation of the pN

T shape due to FSI, which results in
the long tail towards the upper end of the δpT distri-
bution, is limited by the FSI strength quantified by τf.
For finite τf, as is the case predicted by NuWro (see e.g.
Fig. 1), the δpT shapes largely preserve the Fermi motion
distributions—a useful technique for understanding novel
target materials in future experiments such as DUNE [1].

The NuWro and GENIE predictions for δαT and δφT

in QE are shown in Fig. 7. When FSI is switched off in
both simulations, consistent distributions are observed.
With the nominal settings, the two predictions signifi-
cantly differ in the %qT-collinear regions—δαT ∼ 0, 180
degrees and δφT ∼ 0 degrees—where GENIE predicts a
much enhanced probability. While the NuWro distribu-
tions show normal evolution when the FSI is switched
on as one would expect from the in-medium deflection
and deceleration caused by FSI, the GENIE distributions
show an inverted tendency. Motivated by this observa-
tion, the GENIE Collaboration suggested to investigate
the effect of the elastic interaction of the hA FSI model.
In the nominal GENIE simulation for QE on carbon,
events with protons that undergo this FSI interaction
amount to about 40% at the NuMI beam energy. Af-
ter removing these events, the GENIE prediction is more
consistent with the NuWro nominal one, as is shown in
Fig. 7. Further investigation taking into account the de-
pendence on p!

′

T (in a similar approach to Fig. 3) shows
that in δαT the collinear enhancement is of an appearant
acceleration feature at low qT (! 200 MeV/c at NuMI

Insensitive to the ν energy Sensitive to specific model assumption: 
nuclear model



Transverse variables relation 
to basic model parameters
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Sensitive to specific model assumption: 
2p2h and others through pion absorption

JHEP 04 (2021) 004
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distribution of �pT for neutrino and anti-neutrino inter-
actions are shown in Fig. 4. The neutrino case demon-
strates the clear separation of CCQE in the bulk and CC-
non-QE in the tail (the small CCQE contribution to the
tail is from SRCs and nucleon FSI). The anti-neutrino
distribution does not show such good mode separation
(due to the relatively poor neutron momentum resolu-
tion) but the shape di↵erence of the hydrogen and carbon
contributions is clearly visible.

Whilst variables characterising transverse kinematic
imbalance are sensitive to many of the most important
systematic uncertainties for neutrino oscillation analyses,
they are not particularly sensitive to nuclear removal en-
ergy e↵ects. A constraint can instead be established by
looking for systematic shifts from expectation in the re-
constructed neutrino energy distribution. However, in or-
der to strongly constrain the removal energy uncertainty,
a very good resolution is necessary in the reconstruction
of neutrino energy at the near detector, together with a
very good control of energy scale in the detector and of
the flux energy peak.

The usual estimator of neutrino energy is based on the
very well known (e.g. see Ref. [11]) formula for CCQE
events, relying on muon kinematics only:

EQE =
m

2
p �m

2
µ � (mn � EB)2 + 2Eµ(mn � EB)

2(mn � EB � Eµ + pzµ)
, (1)

where mp/µ/n is the mass of a proton/muon/neutron; Eµ

and p
z
µ is the outgoing muon energy and momentum in

projected along the direction of the incoming neutrino;
and EB is some assumed fixed nuclear binding energy of
the struck nucleon (which is related to, but not exactly,
the removal energy and is usually taken to be ⇠25 MeV
for carbon). A second estimator can be defined as:

Evis = Eµ + TN , (2)

where TN is the kinetic energy of the outgoing proton
(neutron) in neutrino (anti-neutrino) interactions, Eµ is
the total energy of the outgoing muon. Evis is the total
visible energy of all outgoing particles in CC0⇡ events
with one nucleon in the final state. Such an estimator, be-
fore detector smearing, is expected to be slightly smaller
than the true neutrino energy in CCQE events due to
the need to overcome the nuclear removal energy and the
loss of energy through nucleon FSI. Similarly multinu-
cleon interactions and pion absorption will populate the
tail of low Evis since the second nucleon or the absorbed
pion carry away some of the initial neutrino energy.

Fig. 5 compares the neutrino energy resolution for the
two estimators alongside the impact of a possible bias due
to removal energy. The distributions at generator level
and after detector e↵ects are shown. The Evis estimator
has a higher peak at very good resolution (< 5%) thus
showing an increased sensitivity to possible bias in the re-
moval energy estimation. This feature is preserved at re-
constructed level, despite a larger experimental smearing
of Evis, due to the inclusion of proton tracking resolution

0 0.5 1 1.5 2 2.5 3
 (rad)Tαδtrue 

0

20

40

60

80

100

120

140

310×

Ev
en

ts

with FSI
without FSI
FGD
Super FGD

FIG. 3. The shaded regions show the generator level �↵T

distribution for all CC0⇡ interactions for 3⇥ 1022 POT split
by whether or not the outgoing nucleon underwent FSI. The
overlaid solid lines indicate how the total �↵T distribution (in-
cluding the with and without FSI components) changes when
imposing the current ND280 FGD proton tracking thresh-
old (450 MeV/c) and expectation from the Super-FGD (300
MeV/c).

in addition to the muon one. The observed smearing of
Evis in data will be therefore mostly due to detector ef-
fects, while the smearing of EQE is dominated by Fermi
motion. The smearing induced by tracking resolution
can in principle be improved with more performant de-
tectors. Moreover we expect to be able to model quite
precisely the detector-induced smearing, thanks to test
beam studies and detector simulation, while the smear-
ing due to nuclear e↵ects is typically less well known.
The inclusion of both energy estimators and the study of
their correlation may also enable future enhanced sensi-
tivity to removal energy.
To achieve a good sensitivity whilst keeping cross-

section systematic uncertainties manageable, the pairs
of variables used in the fit are one of the “single trans-
verse variables”, �pT or �↵T , alongside the total visible
energy (sum of the muon and nucleon energy in the fi-
nal state). The full set of input histograms are shown in
Appendix B. The reconstructed Fermi momentum of the
initial nucleon (pN ) [31] is also considered as an alterna-
tive to �pT and is discussed in Appendix A.

2. Fitter details

A binned likelihood fitter is built in two-dimensions,
including statistical and systematic uncertainties. The
statistical uncertainty is implemented as a Poisson term
in the likelihood whilst the systematic uncertainties are
parametrized as a function of the fit variables and im-
plemented as nuisances with priors included mostly as
Gaussian penalty terms in the likelihood. The prior un-

Transverse variables relation 
to basic model parameters

Sensitive to specific model assumption: 
Final state interactions



T2K & full kinematics
• Energy reconstruction from calorimetry
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FIG. 4. The reconstructed �pT distribution for selected CC0⇡
neutrino (upper) and anti-neutrino (lower) interactions split
by interaction mode and target for 1⇥ 1022 POT.

certainties and fit variables are discussed in Sec. II B 3.
One exception to the treatment of the prior uncertainties
is an ad-hoc “uncorrelated uncertainty” (also detailed in
Sec. II B 3) which is added directly to the likelihood using
the Barlow-Beeston approach [33]. The final �2 used in
the fitter is therefore defined as:
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where the first term is from the Poisson likelihood
(with the Barlow-Beeston extension) and the second term
is the Gaussian penalty. The definition of the Barlow-
Beeston scaling parameter � is also given. Oi and Ei

0.6− 0.4− 0.2− 0 0.2 0.4 0.6
true)/Etrue-Ereco(E

0

0.1

0.2

0.3

0.4

0.5

0.6

p.
d.
f

visE
QEE

rmvLow E

rmvHigh E

0.6− 0.4− 0.2− 0 0.2 0.4 0.6
true)/Etrue-Ereco(E

0

0.05

0.1

0.15

0.2

0.25

0.3p.
d.
f

visE
QEE

rmvLow E

rmvHigh E

FIG. 5. The neutrino energy reconstruction resolution and
bias is shown for the two estimators defined in the text (Evis

and EQE as solid and dashed lines respectively) for ±10 MeV
shifts to the nominal removal energy (Ermv) distribution (de-
noted by the red and blue colours respectively). The upper
plot does not include the e↵ect of detector smearing such that
Ereco is constructed using the true muon and proton kine-
matics directly from the generator. In the lower plot Ereco is
instead built from the corresponding reconstructed quantities
(i.e. with the detector smearing applied).

are the observed and expected number of events for bin
i, � is the size of the uncorrelated uncertainty included
directly in the Poisson likelihood. The second term is a
sum over the systematic parameters in the fit where p

0
j

and pj are the value of the parameter and its prior value
respectively. �j is the prior uncertainty of parameter j.

3. Fit Parameters

The uncertainty model used in this analysis is designed
to o↵er theory-driven conservative freedoms to modify
pertinent aspects of the neutrino interaction model in
addition to accounting for flux modelling and detector
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8

uncertainties on the total one-particle-one-hole (1p1h) fi-
nal state normalisation (CCQE without SRCs) and an
accompanying npnh final state normalisation (2p2h and
CCQE with SRCs). SRCs are combined with 2p2h since
they have similar kinematic properties (as can be seen by
their anti-correlation) and both are responsible for simi-
lar neutrino energy reconstruction bias. The uncertainty
on the total cross section (integrating all cross-section
systematic parameters but not the flux) is also shown.
Tabulated sensitivities are shown for two fixed POT val-
ues in Tab. III.
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FIG. 6. The 1� sensitivity to systematic parameters as func-
tion of POT in neutrino case (top) and anti-neutrino case
(bottom) when fitting the reconstructed CC0⇡ data binned
in �pT and Evis. The values in the plot are the ratio of the
parameter uncertainty to the parameter nominal value.

As discussed in Sec. II B 1, it is expected that the
Super-FGD should allow a particularly strong constraint
on nucleon FSI via a measurement of �↵T . To evaluate
this, Fig. 8 shows only the proton FSI strength uncer-
tainty as a function of the number of POT following fits
using either �↵T or �pT alongside Evis. The extracted
uncertainty on the nucleon FSI parameter is of the or-
der of few percent at low statistics and can reach 1%

1st 2p2h
2nd 2p2h

Pion Absor
Pion BG

Hadron FSI
Ermv P shell

S shell
SRC flux

1st 2p2h

2nd 2p2h
Pion Absor

Pion BG

Hadron FSI

Ermv

P shell

S shell

SRC

flux

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

1st 2p2h
2nd 2p2h

Pion Absor
Pion BG

nucleon FSI
ErmvP shell

S shell
SRC Hydrogen

flux

1st 2p2h
2nd 2p2h

Pion Absor
Pion BG

nucleon FSI
Ermv

P shell
S shell

SRC

Hydrogen

flux

1−

0.8−

0.6−

0.4−

0.2−

0

0.2

0.4

0.6

0.8

1

FIG. 7. The correlation matrix between constrained param-
eters following a fit to reconstructed CC0⇡ data binned in
�pT and Evis with 1 ⇥ 1022 POT. The results following a
fit to neutrino (top) and anti-neutrino (bottom) samples are
shown.

with Hyper-K-era statistics. As can be seen, �pT is only
slightly less sensitive to FSI than �↵T , but such sensi-
tivity comes from the tail of the distribution with some
degeneracy with the impact of non-QE components and
SRCs. As such, the FSI sensitivity in �pT is more de-
pendent on the shape uncertainties assumed for non-QE
and less robust than the sensitivity from �↵T . On the
other hand we expect in a full multi-dimensional fit, us-
ing both �pT and �↵T to provide an even more robust
constraint on FSI and to be able to cross-check the cor-
rectness of FSI simulations through the investigation of
possible tensions between the two variables.

Fig. 9 shows the constraint on the removal energy pa-
rameter from a fit to Evis and �pT for neutrino and anti-
neutrino interactions. In the neutrino case the removal
energy shift can be measured at 2 MeV at relatively low
statistics and better than 1 MeV with ultimate statis-
tics. The corresponding anti-neutrino constraint is 3 to
4 times worse. As discussed in Appendix A, further im-
proved constraints can be obtained by exploiting the pN

variable in place of �pT , but in this case more longitu-
dinal information is included and thus the constraint is
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neutrino interactions. In the neutrino case the removal
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4 times worse. As discussed in Appendix A, further im-
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e4T2K
• T2K can exploit similar approach from electron 

scattering:  

• full acceptance and kinematics.  

• transverse variables.  

• This approach will allow us to compare “degree of 
freedom” to “degree of freedom” in the model and not 
model to model. 

• CLAS data can help to explore these concepts. 

17



Possible experiment 
beyond CLAS

18

• Trade acceptance by resolution: 

• give up on high precision trackers.  

• have high acceptance:  

• low energy pions and protons. (neutrons?)  

• close to 4π acceptance.  

• Possibility to exchange nuclei. 

• Develop detectors that can be used both in electron 
scattering and neutrino interactions.



TPC detector

19

B Field

electron 
beam

E Field

Plus
No ion feed-back from electrons 

Easy to replace the target 
Uniform acceptance (same interaction point)

Minus
Not a full acceptance in p and angle 

Complex field cage design.

Similar to 
HARP

arXiv:2203.06853



A visual concept.

20

E and B

arXiv:2203.06853



Angular dependency 
according to GiBuu

21arXiv:2203.06853



e4nu and topologies
• Topology is a fundamental concept for the T2K experiment since it 

defines the wrong-energy background.  

• Electron scattering experiments can help to study concepts such 
as pion transparency and pion multiplicity. 

22

Nuclear Physics

� 

dσ
dω

L. Weinstein, NuFact 2021

or ν

Dip

11

Select dominant Δ production with e kinematics 
and explore event topologies.

Similar for proton scattering by defining 
difference from expected to observed: Δθp Δpp.



Issues on the ee’p 
experimental results 

• The very forward region (q2~0) is difficult to cover with electron 
scattering: 

• in this region we see plenty of anomalies and expect nuclear 
contributions.  

• How do we translate from electron to neutrinos:  

• Modelling:  

• special attention to the information to be obtained. 

• Exploring each of the ingredients of the model might help: 
enough? 

23



Facilities

24

5.2 Summary of the ongoing and future e�orts 24

Collaborations Kinematics Targets Scattering
E12-14-012 (JLab) Ee = 2.222 GeV Ar, Ti (e, eÕ)
(Data collected: 2017) 15.5¶ Æ ◊e Æ 21.5¶ Al, C e, p

≠50.0¶ Æ ◊p Æ ≠39.0¶ in the final state
e4nu/CLAS (JLab) Ee = 1, 2, 4, 6 GeV H, D, He, (e, eÕ)
(Data collected: 1999, 2022) ◊e > 5¶ C, Ar, 40Ca, e, p, n, fi, “

48Ca, Fe, Sn in the final state
LDMX (SLAC) Ee = 4.0, 8.0 GeV (e, eÕ)
(Planned) ◊e < 40¶ W, Ti, Al e, p, n, fi, “

in the final state
A1 (MAMI) 50 MeV Æ Ee Æ 1.5 GeV H, D, He (e, eÕ)
(Data collected: 2020) 7¶ Æ ◊e Æ 160¶ C, O, Al 2 additional
(More data planned) Ca, Ar, Xe charged particles
A1 (eALBA) Ee = 500 MeV C, CH (e, eÕ)
(Planned) - few GeV Be, Ca

Table 5: Current and planned electron scattering experiments.
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Figure 6: Kinematic coverage of the ongoing and planned experiments for inclusive and exclusive electron
scattering on targets including argon and titanium, presented in the (a) (|q|, Ê) and (b) |q|, W ) planes,
with momentum transfer q, energy transfer Ê, and hadronic mass W . The light and dark shaded areas
cover 68% and 95% of charged-current ‹µAr events expected in the DUNE near detector [38], according
to GENIE 3.0.6. The thin solid, dashed, and dotted lines correspond to the kinematics of quasielastic
scattering, � excitation, and the onset of deep-inelastic scattering at W = 1.7 GeV on free nucleons.

Electron Scattering and Neutrino Physics Snowmass 2021
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Personal conclusions
• T2K will profit from electron scattering experiments adapted to its 

needs and experimental approach. 

• light nuclei. 

• access to transverse and full kinematics.  

• reduced energy.  

• New generation of T2K will use calorimetry and TKI at the near detector 
to control systematics:  

• electron scattering is capable of similar measurements that will be 
very useful for modelling and model comparisons. 

• T2K is very much model driven, we need also theoretical work to be 
developed to understand the connection between e and ν models.  

25

Many of these concepts require proper studies.  
I am open to collaborate on exploring them.


