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Low-energy Neutrinos

E , : Neutrino energy
w : Energy transferred to the nucleus

4+ Low-energy =~ 10s of MeV (E, and/or )

= Pion decay-at-rest (piDAR) Neutrinos
(SNS at ORNL, LANSCE at LANL, MLF at JPARC, FNAL, ...)
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Low-energy Neutrinos

4+ Low-energy =~ 10s of MeV (E, and/or ) £, : Neutrino energy

w : Energy transferred to the nucleus
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Low-energy Neutrinos-Nucleus Scattering

Coherent elastic [CEVNS] Inelastic CC/NC

v, (Ep, kf) A |D,)

Z° (T, 9)

v (E, k) A |®,)

¢ Final state nucleus stays in its ground state
¢ Tiny recoil energy, large cross section

e Signal: keV energy nuclear recoil

Response g
Degrees of Freedom 4 NQ
Elastic : == i
QE A Dls § Quarks, Gluons é
3 ag 1 Gev
i 3 £ 1 )
GR N £
Constituent Quarks
Nucleus ] A
"“ w % Baryons, Mesons 4100 MeV
Elastic . &
l"’ 8
a2l —
<
o g +10 MeV
g £
Nucleon =
. \ Nucleoni Dersiies 41 MeV
W :
2 § 410 keV
Q = Collective Coordinates
300 MeV .
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Low-energy Neutrinos-Nucleus Scattering

Coherent elastic [CEVNS] Inelastic CC/NC
— — - - X
12 (Ef’ kf) A Iq)0> l ,l+/1Jl, V; (Ef’ kf) A’ |q)f>

Z° (T, q)

¢ Tiny recoil energy, large cross section

energy, spin and parity (J”)

¢ Followed by nuclear de-excitation into gammas, n, p,

e Signal: keV energy nuclear recoil and nuclear fragmentations.
Response <
Degrees of Freedom y NQ
Elastic ¢ %° @ Q
QE A Dls é Quarks, Gluons é
> H % 11 Gev
GR N £
Constituent Quarks
Nucleus g
w g Baors, Mo 1100 MeV
Elastic S %o
; g +10 MeV
Nucleon £
- i g e +1 MeVv
w
5 }10 kev
Q 2 (Z,\“‘ Collective Coordinates
300 MeV r 3 .
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Low-energy Neutrinos-Nucleus Scattering

Coherent elastic [CEVNS] Inelastic CC/NC
— — - - X

Z° (T, 7) W*1Z%w,q)

energy, spin and parity (J”)
¢ Tiny recoil energy, large cross section

_ _ * Followed by nuclear de-excitation into gammas, n, p,
e Signal: keV energy nuclear recoil and nuclear fraamentations.

1073® E T T 1

Response

Elastic
QE A DIS
GR N*
Nucleus
w

Elastic

I

- NC
Nucleon i ,
> 10—42 ! I ! | L l L | L
22 s 0 20 40 60 80 100
+ > N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz, arXiv:2007.03658 [nucl-th]

300 MeV -
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Low-energy Neutrinos-Nucleus Scattering

Coherent elastic [CEVNS] Inelastic CC/NC
— - - X
v, (Ep, kf) A | D,) 50, 0y (B, ky) A" | @)

Z°(T, 7) W*1Z%w, q)
v (E; k) A | @) u, 0, (E, k) A | D)
»  Gr
Y | M) <=L, W
fi
Leptonic Tensor: L, = Z (jl’”)fjl,y Hadronic Tensor: WHY = Z (7T 7Y
fi fi
Transition Amplitude: ¥ = (®, | J*(q) | ®,) Transition Amplitude: 7} = <q)f|jZ(Q) | D)
Cross Section: Cross Section:
> 7 y
Gr do x — VerWeor + Vv Wy + v, W
do x —F 02 F2 ccWee T VeWer T VLWL
0 X A QW W(Q) 4 T
+v, W £ v W]
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Low-energy Neutrinos-Nucleus Scattering

Coherent elastic [CEVNS] Inelastic CC/NC
— - - X
v (Ep, k) A | D) I U v, 0y (B, K yp) A’ | D)

Z° (T, 7) W*1Z%w, q)

v (E, k) A | D)

Vp U (E,', ?,) A | q’o)

Cross Section: Cross Section:

7
F
do I Z vecWee +verWer +viiWin
J][

GI% 2 2
do «x — Oy Fy(q)
A7

+vWr v Wo]

B CEVNS cross section, sensitive to nuclear weak form factor, need to be known at percent level
precision to allows resolving degeneracies in the standard and non-standard physics
observables in CEVNS experiments (e.g. COHERENT, CCM, ..).

m [nelastic CC and NC cross sections, subject to detailed underlying nuclear structure and
dynamics, are poorly known but are vital in future neutrino experiments’ (e.g. DUNE, HyperK, ..)
capability of detecting core-collapse supernovae.
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CEVNS Cross Section and Form Factors

= Cross section®:

T mT| 02

267 |2 9

do G#
= M 4
dlT =« E;

= Weak Form Factor:

v, (Ep, k()

v (E,, ?i)

Charge density and charge form factor: proton

Ow Fi(q) = (Dy1Jo(q) | Do)
~ (1 —4sin*0y) Z F () — N F,(q)

~ 27T

[ d’r [(1 — 4 sin? Ow) (1) = (1) ] Jolgr)

v

!

Z° (T, 9)

T e [O

A | D)

A | D)

2F?
" (M, +2E)

Oy = g/ N+, Z)°

N. Van Dessel, V. Pandey, H. Ray, N.
Jachowicz, arXiv:2007.03658 [nucl-th]

Neutron densities and neutron form factor: neutron

densities and charge form factors are well know
through decades of elastic electron scattering
experiments.

densities and form factors are poorly known. Note that
CEVNS is primarily sensitive to neutron density

distributions (1 — 4 sin” 6, ~ 0).

*pbarring radiative corrections, for radiate corrections, see:
O. Tomalak, P. Machado, V. Pandey, R. Plestid, JHEP 02, 097 (2021)
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CEVNS and PVES Experimental Measurements

m Electroweak probes such as parity—violating electron scattering (PVES) and CEVNS provide
relatively model-independent ways of determining weak form factor and neutron distributions.

e CEVNS Cross Section e PVES Asymmetry
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CEVNS and PVES Experimental Measurements

m Electroweak probes such as parity—violating electron scattering (PVES) and CEVNS provide
relatively model-independent ways of determining weak form factor and neutron distributions.

e CEVNS Cross Section e PVES Asvymmetry
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Science 357, 6356, 1123-1126 (2017)
Phys. Rev. Lett. 126, 012002 (2021)
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CEVNS and PVES Experimental Measurements

m Electroweak probes such as parity—violating electron scattering (PVES) and CEVNS provide
relatively model-independent ways of determining weak form factor and neutron distributions.

e CEVNS Cross Section
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Science 357, 6356, 1123-1126 (2017)
Phys. Rev. Lett. 126, 012002 (2021)
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50

e PVES Asymmetry

» The parity violating asymmetry for elastic electron

scattering is the fractional difference in cross section
for positive helicity and negative helicity electrons.

A — do/dS), — do/dS)_ _ Grg®|Qw| Fy(q)
P do/dQYy + do/dQ_ Aran2Z Fu(q?)

- Here F_, is the charge form factor that is typically known
from unpolarized electron scattering. Therefore, one can
extract Iy, from the measurement of Apy,.

Experiment | Target ¢? (GeV?) A, (ppm) +0R, (%)
PREX 208pp  0.00616  0.550 & 0.018 1.3
CREX 8Ca 0.0297 0.7
Qweak 27A 0.0236 2.16 £0.19 4
MREX 208 0.0073 0.52

arXiv:2203.06853 [hep-ex]

X MREX

Mainz Radius Experiment (MREX)
At P2 experimental hall with 208Pb

Pb Radius Experiment Calcium Radius EXperiment
(PREX) (CREX)
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https://arxiv.org/abs/2203.06853

CEVNS Cross Section Calculations

®m Nuclear ground state described as a many-body quantum
mechanical system where nucleons are bound in an effective En
nuclear potential.

(l: 1/2a]1 6[,0'[)

m Solve Hartree-Fock (HF) equation with a Skyrme (SKE2) nuclear neutrons \"\H protons

potential to obtain single—nucleon wave functions for the bound

nucleons in the nuclear ground state.

m Evaluate proton and neutron density distributions and form factors

9/22

1

Ay

p(r) =—= Y V2. Qg+ D (D

Ipy)2 — @
1p3/2 0000

sy /o — 0

F(q) = % [d3r J(qr) p.(r)

N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz, arXiv:2007.03658 [nucl-th]
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CEVNS Cross Section Calculations

®m Nuclear ground state described as a many-body quantum
mechanical system where nucleons are bound in an effective

nuclear potential.

m Solve Hartree-Fock (HF) equation with a Skyrme (SKE2) nuclear
potential to obtain single—nucleon wave functions for the bound
nucleons in the nuclear ground state.

m Evaluate proton and neutron density distributions and form factors

1
A

p(r) =

— 2 Vs @at DI,

En

(l, 1/2,j, 5[,0’1)

X

neutrons \L"LL

protons

F > T
1p1/2

1p12 —0 00—
1
1ps 2 000 9000 D3/2
—0— 1s
1515 — oo — 12

F(q) = % [d3r J(qr) p.(r)

10° 4

Charge Form Factor
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IFch(q)l
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Yang et al. - RMF - - -

Exp. +
208Pb

L1111l

1

1

g (fm™)

|Fern(q)]

10° &
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1072 ¢

' HF-SkE2 ——

Payne et al. - NNLOsat - - -

Exp

+

L1 1 1111l

'l.’lllll

14+t

-t
ot

N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz, arXiv:2007.03658 [nucl-th]
Data: H. De Vries, et al., Atom. Data Nucl. Data Tabl. 36, 495 (1987), C. R. Ottermann et al., Nucl. Phys. A 379, 396 (1982)
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(aen,l,j,)
(t =p,n)
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®m Nuclear ground state described as a many-body quantum
mechanical system where nucleons are bound in an effective

nuclear potential.

m Solve Hartree-Fock (HF) equation with a Skyrme (SKE2) nuclear
potential to obtain single—nucleon wave functions for the bound
nucleons in the nuclear ground state.

m Evaluate proton and neutron density distributions and form factors

CEVNS Cross Section Calculations

En

(l, 1/2,j, 5[,0’1)

X
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‘HH

protons

1101/2
1p3/2

181/2

F(q) = % [d3r J(qr) p.(r)

_._._
0000
____"_‘.____
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1
2 ; 2
Polr) = 2= D Vi Qi+ Dy (1)
a
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1071 \ 208Pb =
fg; C ’
&
10~
-3 |
107 0.5
g (fm™")

|Fw (q)]

10° g

1071

1072

1073

104

! ' ' HF - SkE2

Klein-Nystrand FF - - - .

Klein-Nystrand FF (ad.)
\ Helm FF
h \ Yang et al. - RMF
"\ Payne et al. - NNLOsat — —
\\\\:\ _ _Hoferichter et al. - - -

W £ N

N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz, arXiv:2007.03658 [nucl-th]

Data: S. Abrahamyan et al., Phys. Rev. Lett. 108, 112502 (2012)
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(t =p,n)
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CEVNS Cross Section Calculations

®m Nuclear ground state described as a many-body quantum
mechanical system where nucleons are bound in an effective

nuclear potential.

m Solve Hartree-Fock (HF) equation with a Skyrme (SKE2) nuclear

potential to obtain single—nucleon wave functions for the bound

nucleons in the nuclear ground state.

m Evaluate proton and neutron density distributions and form factors

1
A

p(r) =

— 2 Vs @at DI,

neutrons

En

X

‘HH

(l: 1/2a.7: 6[,0'[)

protons

1101/2
1173/2

181/2

CEVNS Cross Section

'HF - SKE2 ——— '
FQ=1- - -
SkE2 - folded
COHERENT - A
COHERENT - B

4OA r /

10 20

30
E (MeV)

_._._
0000

_'_‘_

F(q) = % [d3r J(qr) p.(r)

N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz, arXiv:2007.03658 [nucl-th]
COHERENT data: arXiv:2003.10630 [nucl-ex].
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Constraining 4%Ar form factor and CEVNS cross section

. .. 10° g : : . :
m Comparison of 40Ar form factor predictions from four nuclear E | ~HE - Sk

L1111l

. . \\ . Klein-Nystrand FF - - -
theory and three phenomenological calculations. i N Klein-Nystrand FF (ad)
AN elm FF
. 10-1'L 40 N Yang et al. - RMF |
* The HF—SKE?2 model [arXiv:2007.03658 [nucl-th]. = VAr \ Payne ot al. - NNLOsat — —
C A\ _ _Hoferichter et al. - - - |
\ \\‘ / // N

* Model of Payne et al. [Phys. Rev. C 100, 061304 (2019)] where form

N
\

4

S I VS .
factors are calculated within a coupled-cluster theory from first principles E 1072 - ‘\l/
using a chiral NNLOsat interaction. - il
I il
® Model of Yang et al. [Phys. Rev. C 100, 054301 (2019)] where form 107 :
factors are predicted within a relativistic mean—field model informed by the - |
properties of finite nuclei and neutron stars. I |
10-4 s | s L 1
e Model of Hoferichter et al. [Phys. Rev. D 102, 074018 (2020)] where form ’ oo oo
factors are calculated within a large-scale nuclear shell model. 0.05 , a(fm ) ,
o ! Payhe et al. — ' '
) o Yang et al. - - - -
¢ Helm and Klein-Nystrand [adapted by COHERENT] predictions. Helm FF
—  0.04 Klein-Nystrand FF -
2 Klein-Nystrand FF (ad.)
B Hoferichter et al. — — —
TR
| = 0.03
_[%
= 0.02
Il
% 0.01
4
0

10 20 30 40 50

E (MeV)

N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz,
arXiv:2007.03658 [nucl-th]
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m Comparison of 40Ar form factor predictions from four nuclear
theory and three phenomenological calculations.

® The HF—SKEZ2 model [arXiv:2007.03658 [nucl-th].
* Model of Payne et al. [Phys. Rev. C 100, 061304 (2019)] where form

factors are calculated within a coupled-cluster theory from first principles
using a chiral NNLQsat interaction.

® Model of Yang et al. [Phys. Rev. C 100, 054301 (2019)] where form
factors are predicted within a relativistic mean—field model informed by the

Constraining 4%Ar form factor and CEVNS cross section

properties of finite nuclei and neutron stars.

* Model of Hoferichter et al. [Phys. Rev. D 102, 074018 (2020)] where form
factors are calculated within a large-scale nuclear shell model.

¢ Helm and Klein-Nystrand [adapted by COHERENT] predictions.

® Relative CEVNS cross section theoretical uncertainty on 404y
(includes nuclear, nucleonic, hadronic, quark levels as well as
perturbative errors):

1.1 ____
40

o {1 "MAr
s 1.0
O ]

09 T [ [ | |

0 20 40 60 80
E,, MeV

O. Tomalak, P. Machado, V. Pandey, R. Plestid, JHEP 02, 097 (2021)
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N. Van Dessel, V. Pandey, H. Ray, N. Jachowicz,
arXiv:2007.03658 [nucl-th]
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10s of MeV Inelastic Neutrino-Nucleus Scattering

e Core-collapse supernova can be detected (in DUNE, HyperK) using e.g.

. . . . =, 1y, 0, (B k) /
charge current inelastic neutrino-nucleus scattering process. G 4 1p)

e These 10s of MeV neutrinos inelastically scatter off the nucleus, exciting W/ 2%, q)

nucleus to its low-lying excitation states, subject to nuclear structure physics.

e The inelastic neutrino-nucleus cross sections are quite poorly understood. .
There are very few existing measurements, none at better than the 10% ¥ (E; k) A 1®)
uncertainty level. As a result, the uncertainties on the theoretical calculations
of, e.g., neutrino-argon cross sections are not well quantified at all at these
energies.

3¢ Fermilab
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10s of MeV Inelastic Neutrino-Nucleus Scattering

e Core-collapse supernova can be detected (in DUNE, HyperK) using e.g. Pl o B
charge current inelastic neutrino-nucleus scattering process. A e By 4’19

e These 10s of MeV neutrinos inelastically scatter off the nucleus, exciting W*/Z%, 9)

nucleus to its low-lying excitation states, subject to nuclear structure physics.

e The inelastic neutrino-nucleus cross sections are quite poorly understood. ~
There are very few existing measurements, none at better than the 10% ¥ (E; k) A 1®)
uncertainty level. As a result, the uncertainties on the theoretical calculations

of, e.g., neutrino-argon cross sections are not well quantified at all at these
energies.

Past measurements on Carbon No measurements on Argon yet

40 —
m 45 : 104 - T T T Ar(l/lej e )IX T T T
E 40F ¢ KARMEN, PPNP 32,351 (1994) : .
o F o LSND PRC 64, 065001 (2001)
?Q 35 3 Fukugita, et al
S = ; 1% TS Sy b
= 30F & 103 F R o LR :
Z 25 o
N : | o \®
'T 20 :_ g}/ O
() - 102k «» MARLEY 1.2.0
’ 15F S g == GTBD
10:- g -— RQRPA
o : 2 — SM+RPA
o 55— 2 --- RPA ]
2, 0- ol PSP EPEPH P PP PSP U UPl P U [ [ 157 | « A 0 Ll 1L PQRPA
© 20 25 30 35 40 4 50 55 60 CRPA
E, (MeV) n — QRPA
Rev. Mod. Phys. 84,1307 (2012) 0% 20 30 40 50 60 70 80 90 100

neutrino energy (MeV)

e CEVNS experiments at pion-decay at rest facilities - COHERENT at ORNL and CCM at LANL, well suited to
perform these measurements.
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10s of MeV Inelastic Neutrino-Nucleus Scattering Calculations

¢ |n the inelastic cross section calculations, the influence of PAr

long-range correlations between the nucleons is 10738 .

introduced through the continuum Random Phase

Approximation (CRPA) on top of the HF-SKE2 approach. 10-39 -
e CRPA effects are vital to describe the process where the o

nucleus can be excited to low-lying collective nuclear g 10740

states. < ;

o | | 1041 |

e The local RPA-polarization propagator is obtained by an

iteration to all orders of the first order contribution to the - i

particle-hole Green'’s function. o422 o1

0 20 40 60 80 100

H(RPA)(xl,xg;Ex) — H(O)(xl,mg;Ex) + %/dmdm' Ho(wl,x; E;) E(Me\/)

x V(z,z') HEPA (g 24 E,) Comparison with electron scattering data

q = 95 [MeV/c], Q° = 0.009 [(GeV/c)?]  q=121[MeV/c], Q* = 0.015 [(GeV/c)’]

T 1 | T | - T ‘ T ‘ B
— I 1500[— —
» [ - = 2R° n [ = = 36° B
>2000— E= 1‘60 MeV, 6 =36° — E 290 MeV, 0 =36 ~
§ = CRPA {1000 — , -
[ ] = + + + co e 4 [ - . f— ,"“. _—
&’ | RFG ] - [ ‘ll ",‘ -
T1000— { I\ — = i' o |
= L :' /! \ .vl —  s00— v I a —
R ey 4 TE TN, Poee) S
I AN 1 E /) T4 .
ot/ | | I SRR B ot/ | | H‘"‘i’*j«--i_ 1]
0 50 100 0 50 100
o (MeV) ® (MeV)
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10s of MeV Inelastic Neutrino-Nucleus Scattering Calculations

¢ |n the inelastic cross section calculations, the influence of

40 Ar

long-range correlations between the nucleons is 10738 .
introduced through the continuum Random Phase
Approximation (CRPA) on top of the HF-SKE2 approach. 10-39 -
* CRPA effects are vital to describe the process where the o
nucleus can be excited to low-lying collective nuclear g 10740 L
states. < ;
. . . 10-4t |
e The local RPA-polarization propagator is obtained by an
iteration to all orders of the first order contribution to the -
particle-hole Green’s function. 10—420
CC (ve," Ar) NC (v, Ar)
6 | | ! | |
! Total — | 1.6 " Total
P J =1 14+ J=1 -----
=5 0 J=D 1 12F  J=17
:U 4 J — 2_ 1 J —_ 2—
Y I = 2+ * e o = N — I—
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10s of MeV Inelastic Neutrino-Nucleus Scattering: Model in Generators

B Model recently implemented in GENIE.
S. Dolan, A. Nikolakopoulos, O. Page, S. Gardiner, N. Jachowicz and V. Pandey, arXiv:2110.14601 [hep-ex].

B Model implementation in MARLEY (low-energy generator used by DUNE) is currently on-going, in collaboration
with Steven Gardiner (FNAL) (sole author of MARLEY).

e cheated space points Ve CC on 160 fOI’ Jn — 1_
o Yl
£ 7 Ghent CRPA
neutrons > 8!
o protons I —— MARLEY events
< nuclei % 7]
+ positrons 73 6
g . Preliminary
\oP< 7 8
~ v X\ A\ vertex
/ 2N : ) 1) / ﬂ
E, = 16.3 MeV 30 cm 035 20 25 30 35 40

energy transfer o (MeV)

arXiv:2008.06647 [hep-ex] [DUNE Collaboration]

e MARLEY includes allowed approximation (long—wavelength (g — 0) and slow nucleons (py/my — 0) limit),

Fermi and Gamow-Teller matrix elements. CRPA includes full expansion of nuclear matrix element (allowed as
well as forbidden transition).
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Low-energy Neutrinos: Near-Future Measurements

m COHERENT at SNS: COH-Ar-10 (24kg) LAr detector. o= 1
COH-Ar-750 (750 kg) LAr detector is underway. NG

lodine (NalvE) and Pb, Fe, Cu (NIN cubes) detectors.

m Coherent CAPTAIN Mills at LANL: 10 ton LAr detector
at Lujan center at LANL. Collected data in 2019 and 2021,

currently in operation.

m JSNS2at JPARC-MLF: 50 ton gd-loaded LS detector.

m Electron Scattering experiment

- MAGIX Collaboration at MESA (Mainz):

MESA, a new cw multi-turn energy recovery
linac for precision particle and nuclear physics
experiments with a beam energy range of
100-200 MeV is currently being built.
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Walt Fox, IU

MESA: Mainz Energy-Recovery Superconducting Accelerator

ELBE-+ype Superconducting Cavities:
25 MeV/ pass
1 module = 2x 9-cell TESLA/XFEL cavities

Op. temperature: 2K
CW operation (100% duty cycle)

Extracted beam (P2, DarkMESA): Epeam = 155 MeV, lbeam = 150uA
Energy Recovery (MAGIX): Ebeam = 105 MeV, lbeam = TmA )

~
Energy Recovery mode:
The beam is reinserted after 3 recalculations
in couterphase: the energy goes back to the
cavities and the beam is dumped at 5 MeV. )

Luca Doria, JGU Mainz 10

Luca Doria at a Snowmass workshop
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Mono-energetic KDAR Neutrinos

e Mono-energetic KDAR neutrinos at NuMI beam dump (FNAL) and at MLF (JPARC).
Kt — ,u+yﬂ, E, =236 MeV
U

Kaon decay at rest

J. Spitz

236 MeV
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5 5
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A. Nikolakopoulos, V. Pandey, J. Spitz and N. Jachowicz, Phys. Rev. C 103, 064603 (2021)
MiniBooNE data: Phys. Rev. Lett. 120, 141802 (2018)

e EXxciting near future measurements: MicroBooNE and
ICARUS (argon), JSNS2 at J-PARC (carbon).

o 240 MeV electron scattering measurement planned at Mainz.

e Combined analysis of mono energetic electron and

v, Cross sections will

give great opportunity to constrains axial response at fixed energy.
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10s of MeV Physics in GeV-scale Beams
E, = 800 MeV

F
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|

efoYele)
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2
d cr/dTudcoseu
\

O

500

V. Pandey, N. Jachowicz, T. Van Cuyck, J. Ryckebusch,

M. Martini, Phys. Rev. C92, 024606 (2015)
Folded with BNB Vv, flux
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N. Van Dessel, N. Jachowicz, R. Gonzalez-Jiménez, V. Pandey,

T. Van Cuyck, Phys. Rev. C97, 044616 (2018).
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A. Nikolakopoulos, N. Jachowicz, N. Van Dessel, K. Niewczas, R. Gonzalez-Jiménez,
J. M. Udias, V. Pandey, Phys. Rev. Lett. 123, 062501 (2019).

e At forward scattering angles (low momentum transfer), the
neutrino-nucleus cross section at GeV-scale energies is
impacted by the same nuclear physics effects that are
important for the low-energy case more generally.

e At these kinematics, differences between final-state lepton
masses become vital and affect the ratio of the charged-

current p , to 2 Cross sections.
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Neutrino-nucleus Scattering => DM-nucleus Scattering

Boosted Dark Matter £ DO QDALTC’Y“X + BEQqAL(Ty“q * Performing a similar DM-nucleus scattering
calculations (dark matter interacting through an

B. Dutta, et al., arXiv:2006.09386 [hep-ph] A’) as for neutrino-nucleus case.

Dark photon produced in pion decay (e.g. at SNS or
at LANL)
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0 /
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— Delayedv, _32 _
0.06f Delayedv, 1 10 ]
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a X B. Dutta, W. C. Huang, J. L. Newstead, V. Pandey, arXiv:2206.08590 [hep-ph]
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Summary

B Interactions of low energy (10s of MeV) neutrinos - elastic (CEVNS) and inelastic - are
interesting for studies of various SM and BSM processes.

B Neutrino-nucleus interactions at these energies are sensitive to neutron radius and weak
elastic form factor (CEVNS), and underlying nuclear structure (inelastic).

B Various neutrino facilities and experiments are sensitive to these processes.
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