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Motivation

Neutrino energy is
reconstructed in each event
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Motivation

= Nuclear responses
= Spectral functions
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= Optical potentials
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= Neutrinos challenge ab initio nuclear theory

= Controllable approximations within ab initial nuclear theory
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Nuclear response
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Ab initio nuclear theory for neutrinos
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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 tla'a + Z l‘;]ba;ag 7N/ PR R —coefficients obtained

through coupled cluster

equations
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Coupled cluster method

v Controlled approximation through truncation in T

v Polynomial scaling with A (predictions for 132Sn and 208Pb)

v Works most efficiently for doubly magic nuclei
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first principles
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We use coupled-cluster theory and nuclear interactions from chiral effective field theory to compute the
nuclear matrix element for the neutrinoless double-f decay of *Ca. Benchmarks with the no-core shell
model in several light nuclei inform us about the accuracy of our approach. For *Ca we find a relatively
small matrix element. We also compute the nuclear matrix element for the two-neutrino double-f decay of
48Ca with a quenching factor deduced from two-body currents in recent ab initio calculation of the Ikeda
sum rule in *8Ca [Gysbers et al., Nat. Phys. 15, 428 (2019)].




Quasielastic response

Momentum transfer First step: analyse the
~hundreds MeV longitudinal response for

. o electron scattering
Upper limit for ab initio

methods

. do
Important mechanism for = 6M<ULRL -+ UTRT>
T2HK, DUNE dwdq |,

Role of final state interactions

Role of 1-body and 2-body 4 o
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Longitudinal response
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Uncertainty band: inversion procedure
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PRL 127 (2021) 7, 072501 JES, B. Acharya, S. Bacca, G. Hagen

First ab-initio results for many-body system of 40 nucleons
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‘Transverse response
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= This allows to predict electron-nucleus cross-section

= Currently only 1-body current
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Low/high energies
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Spectral function from coupled cluster
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Data: Phys. Rev. D 101, 112004 (2020)

Spectral function from coupled cluster
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Summary & Outlook

 Nuclear ab initio methods: connection to underlying QCD
through chiral hamiltonians & uncertainty control

e First results from the coupled cluster theory: on the way to
obtain cross-section for neutrino scattering on medium-mass
nuclei

 With spectral functions we gain direct impact on the
experimental analysis (through Monte Carlo event generators
used by experimental collaboration)
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Thank you for attention!



Backup



Electroweak currents

EDWED Y
; i<j

known to give significant

contribution for neutrino-
nucleus scattering

wwtz, N v, W, Z,

Current decomposition into multipoles needed for
various ab initio methods: CC, No Core Shell Model,
In-Medium Similarity Renormalization Group
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Lorentz Integral Transform

R,(@.q) = }E‘, (P 1] (P, | 9)5(Ey + 0 — )

J
continuum spectrum

Instead we calculate

S.(®,q) = Ja’aK(co, O)R, (0, q) = Jda(‘l’l]} K(# — Ey,0) J,|YY)

S, has to be inverted to get accessto R, Lorentzian kernel:

= LIT-CC used for photo-absorption



Electrons for neutrinos

do
= 00<UCCRCC Ve Rep
dwdqg i
do
— 0M<ULRL + UTRT>
dwdq |,

v Ry

vrRy £ UT,RT,)

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, MESA
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JES, B. Acharya, S.Bacca, G. Hagen Phys.Rev.C 102 (2020) 064312

Coulomb sum rule
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CEVNS on 40Ar
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Nuclear weak form-factor
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1
Fy(q*) = o [NFn(qz) — (1 —4sin’ 9w)ZFp(q2)]
W
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* Coupled-cluster predictions for the weak form factor and cross section

CEVNS on 40Ar
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4He photo-absorption
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giant dipole resonance in 10O
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Motivation

CP violation

VV
Beyond Standard MEZel
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