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Neutrino interactions

[ Neutrino scattering at low neutrino energies (< 100 MeV) ]
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Neutral current



Neutral current inelastic interaction

Neutral Current (NC)

Ve + 19Ar — v, + 12Ar*




Cross section recipe




Cross section recipe

Hadronic current
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Cross section recipe

. GF lept Hadronic current
0 Write the Hamiltonian: Hy, = —— d3x] (x :
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9 Expand the hadronic current into multipoles to obtain many-body operators acting on nuclear states
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Cross section recipe

. GF lept Hadronic current
0 Write the Hamiltonian: Hy, = —— d3x] (x :
\/7 U Leptonic current

9 Expand the hadronic current into multipoles to obtain many-body operators acting on nuclear states
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V-A
structure

9 Express the 8 many-body operators in terms of 7 one-body operators acting on sigle-nucleon states
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Cross section recipe

. GF lept Hadronic current
0 Write the Hamiltonian: Hy, = —— d3x] (x :
\/7 U Leptonic current

9 Expand the hadronic current into multipoles to obtain many-body operators acting on nuclear states

ju =ju+f3 MJM(C]) = MJM =+ MﬁM = /d% Jr(qe) Yy (§2;)] jo(X)

V-A
structure

9 Express the 8 many-body operators in terms of 7 one-body operators acting on sigle-nucleon states

N — _li\'v 2 s !( N U ]- v N o ]
My = F) (qu) Miy = o (Gf{ (qﬁ ﬁf;{](x% (qﬁ) ZJ}U) !
do "
Lin = LM, - A N s @ N o
V q A Ly =1{Ga (G;; -5 —Gp (Q’,&)
( L 1 . /. 2m,
q N N
T5hy=—— (Ff\ (qz —p” (ﬁfz . ;
M m, g 20 VRS Ty, =iGY (. @
mag __ ?:(1' N[ 2 1 N[ 2 M magd +IN 2 M
Ty = _'_?Tbn (Fl (G’,; 5” (9‘,;) X7 ) . T =Gy (G’p) Dy

|E| B. Dutta et al., Phys. Rev. D 106, 113006 (2022)




Total differential
cross section

Inelastic NC cross section
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Total differential
cross section

Inelastic NC cross section
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Inelastic NC cross section... at low energies

— E, <100 MeV



Inelastic NC cross section... at low energies

Nuclear excitation energy

(NC) _ Gf 94
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Gamow-Teller
transition probabilities

No direct experimental measurements

No reliable theoretical predictions



Estimation of nuclear matrix elements

0 Theoretical approach
Transition probabilities are computed through

BIGSTICK, a nuclear shell model code.

e Data-driven approach

We consider experimental measurements of the
magnetic dipole amplitudes B(M1) for the process:

Y + Z{gAr — v+ ‘{gAr

. . exp — B(Ml)
At low energies: B(GT) 9222993 )2

[5] W rornovetat, Phys. Lett. B 835 (2022)
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Estimation of nuclear matrix elements

0 Theoretical approach

Transition probabilities are computed through
BIGSTICK, a nuclear shell model code.

e Data-driven approach

We consider experimental measurements of the
magnetic dipole amplitudes B(M1) for the process:

Y + Z{gAr — v+ ‘{gAr

B(M1)
95(2.2993 up)?

At low energies: B(GT)®P =

[5] W rornovetat, Phys. Lett. B 835 (2022)
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What’s next?
My PhD so far




Neutral current



Neutral current Charged current




Charged current inelastic interaction

Ve + 190Ar — e” + 19K*
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Charged current inelastic interaction

Cross section
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Ve,urt

E, < 20 MeV

Elastic interactions of neutrinos
with electrons and nuclei
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Solar neutrinos

Neutrinos constitute a background at

? direct detection dark matter experiments
Anode (H—F
~ \”XCOM, Electrons =< Liquid Xenon
RS
S ~\\/S
51> =——— N OUTGOING

———

Cathode O—F

“*— Bottom Photosensor
Array

M. Sestu et al., Arxiv: 2509.22178
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Neutrino Magnetic Moment i, [ up]

Solar neutrinos

Veurt Neutrinos constitute a background at
? direct detection dark matter experiments
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