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EXciting opportunity to study
e-A physics at SLAC

x | DMX (Light Dark Matter eXperiment) detector design was
conceived to search for sub-GeV dark matter

x lectron beam energy in the S30XL beamline i1s 4 GeV (8
GeV), great to make measurements for DUNE

® | DMX happens to have advantageous characteristics: wide
angular acceptance of the produced charged hadrons
(0, 1), good momentum resolution, ability to detect
neutrons

x  QOpportunity to gather both inclusive data and detailed
iInformation about the final-state hadronic system



Schematic design

Tracking acceptance in the forward 40° cone,
HCal in the 65° cone



Schematic design
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Simulated events in DUNE (heat map) vs
coverage in electron angle and p1



Goal: precision studies of neutrino
osclllations as a function of energy

v, CC spectrum at 1300 km, A m 3, = 2.4e-03 eV ?

® RBeconstruction of energy is key and for this we need
accurate cross section models



Measuring neutrino energy
at DUNE/NOVA

= |n the beam of 1-4 GeV, a variety of =
final states are produced, with |
protons, pions, and neutrons

» Because of this, lepton kinematics
alone is insufficient to infer £

®x Have to use calorimetric
reconstruction: measure energy of
all final-state particles

x (Generatorsiare needed to fillin
missing-information

x £.g., neutron losses, low-energy

o/pi-discrimination, etc see arXiv:1811.06159,
arXiv:2007.13336



Does this really matter for
osclillation measurements?

NuFIT 4.1 (2019)
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Neutrino beam NOVA Preliminary
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® Best fit

* 0,, = n/4 implies a steeply rising spectrum



cf. NOVA 2016

More events in the dip could be interpreted as evidence
of nonmaximal mixing

P. Vahle, Neutrino 2016
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Best-fit prediction: -2LL=41.6
Best maximal: -2LL=48.0 (A=6.4)
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Best Fit (in NH):
|Am3,| =2.67+£0.12 x 107 3eV?
sin” fp3 = 0.407005(0.637002)

Maximal mixing excluded at 2.5¢




Invitation

2.2 GeV electron beam
JLAB
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» Predictions beyond the quasielastic peak are in dramatic disagreement
with the data



Different kinematic regimes
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= Problems with many other
datasets
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Decisive test:
comparison to hydrogen
and deuterium

® | arge discrepancies originate
in (Mis)modeling of hadronic
PrOCESSES

x Notable double counting in
the RES->DIS region

For detalls, see e-Print; 2006.11944
DOI: 10.1103/PhysRevD.102.053001

d*c /dY dw (ub/st GeV)
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5.500 GeV @ 41.00°

2.445 GeV @ 20.00°
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Vlapping out the pattern of
discrepancies
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| arge discrepancies persist
for other generators

Hydrogen, 4.045 GeV @ 24.03°
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data: A.M.A., A. Friedland & S.W. Li,
Niculescu et al., PRL 85, 1186 (2000) in preparation

At high energies, the SIS region is especially challenging




| arge discrepancies persist

for other generators

Carbon, 1.299 GeV @ 37.5°
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data;

Barreau et al., NPA 402, 515 (1983)

A.M.A., A. Friedland & S.W. Li,
In preparation

Generally, overlaps between different mechanisms
present a lot of conceptual challenge




INstructive: comparison with
ednu data
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M. Khachatryan et al. (CLAS and e4v), Nature 599, 565 (2021)
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The same double-counting is manifested at high E




Important: large discrepancies among
generator predictions for exclusive
channels
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Simulation for the LDMX detector

e-Print: 1912.06140 [hep-ph]

DOI: 10.1103/PhysRevD.101.053004



https://arxiv.org/abs/1912.06140
https://doi.org/10.1103/PhysRevD.101.053004

Conclusions |

® [here are a number of conclusions one can draw from
these analyses

® |N SOME cases, there are specific Implementation
iSsues, €.9. Bodek-Yang, Delta peak and QE in sub-

GeV

® |n other cases, the problems are more foundational,
especially in the “overlaps” between regimes (e.q.,
RES and DIS; QE, MEC, RES). All generators
struggle with this, to a varying degree -> not trivial




Conclusions |

®x [0 make progress on the foundational challenges, we
need new, high-quality data

» Both the final-state electron and the hadronic system
should lbe measures

x  Composition and energy. distribution between
protons, pions, gammas, neutrons

= | arge solid angle coverage in the forward cone

® |deally, would prefer CLAS (ed4nu) + LDMX data



