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Neutrino oscillations
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Aims & challenges
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® scattering on nuclei:
12C, 160, 40Ar...




Motivation

Neutrino energy is
reconstructed in each event
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Nuclear response
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Electrons for neutrinos

do
= 00<UCCRCC Ve Rep + 01 Ry +0pRy UT'RT')
da)dq Ul
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v much more precise data

v we can get access to R; and R separately (Rosenbluth separation)

v experimental programs of electron scattering in JLab, MAMI, MESA




Ab initio nuclear theory

= Nuclear responses
= Spectral functions

>

= Optical potentials
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H. Hergert, Front.in Phys. 8 (2020) 379

= Neutrinos challenge ab initio nuclear theory

= Controllable approximations within ab initial nuclear theory
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Ab initio nuclear theory for neutrinos

Nuclear Hamiltonian
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Ab initio nuclear theory for neutrinos

A
Nuclear Hamiltonian .
".9' >
/)egrees of freedom: nucleons

Electroweak currents

J* = (p,])

Many-body method
A = (¥, |/, |¥,)
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Coupled cluster method

Reference state (Hartree-Fock): |V)

Include correlations through e’ operator

similarity transformed e—T%eT‘ \P> — % ‘ lP) = F ‘ T)

Hamiltonian (non-Hermitian)

Expansion: T = Z tcila;fal. + ff}ﬂ;a;aiaj SR —coefficients obtained

through coupled cluster

equations
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Coupled cluster method

coherent elastic neutrino
scattering on 4°Ar
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v Controlled approximation through AT

truncationin 1

v Polynomial scaling with A (predictions
for 1008n, 208Pb)
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C. Payne at al.

1 Phys.Rev.C 100 (2019) 6, 061304



Quasielastic response

Momentum transfer
~hundreds MeV

Upper limit for ab
initio methods

Important mechanism
for T2HK, DUNE

Role of final state
interactions

Role of 1-body and 2-
body currents
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First step: analyse the longitudinal response
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Longitudinal response

Lorentz Integral Transform + Coupled Cluster
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Uncertainty band: inversion of LIT
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Longitudinal response 40Ca
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First ab-initio results for

many-body system of

40 nucleons




‘Transverse response

0.000="55=""75""T00 125 150 175 200 225 250
w [MeV]
do
— (?nl LULI?ZJ'+'1)]iIe]*
dwdq |,

= This allows to predict electron-
nucleus cross-section

= Currently only 1-body current
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2-body currents important for 4He

— more correlations needed?

— 2-body currents strength
depends on nucleus?




Low/high energies
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W2y

Spectral functions

from Coupled Cluster

o | M |*S(E, p)

Factorized interaction vertex

(relativistic, pion

Spectral function -
nuclear information

production...)

growing q momentum transfer — final state interactions play minor role
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Spectral function for neutrinos
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Outlook

e First results from the coupled cluster theory: on the way to

obtain cross-section for neutrino scattering on medium-mass
nuclei

e Role of 2-body currents and FSI for medium-mass nuclei
e Spectral functions (within Impulse Approximation):

e Relativistic regime

e Semi-inclusive processes

o Further steps: 2-body spectral functions, accounting for FSI
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Lorentz Integral Transform (LIT)

R//tl/(a)ﬂ q) = i (V| J,j | Tf)(‘{’ﬂ J,|P)o(Ey + w — Ef)
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continuum spectrum

Integral
transform
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Aims & challenges

DUNE T2HK
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From: Diwan et al,Ann. Rev.Nucl. Part. Sci 66 (2016)
P(v, — v,)

Position of the oscillation peak DUNE aims at uncertainties
depends on energy reconstruction < 1% meaning O(25 MeV) precision of
energy reconstruction

Systematic errors should be small since statistics will be high.



[nb/sr/MeV]

do
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Final state interactions
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JES et al, in preparation (2022)

How to account for the FSI? Optical potential for the outgoing nucleon
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