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e Start from neutrons and protons as building blocks
(centre of mass coordinates, spins, isospins)

® Solve the non-relativistic quantum mechanical problem of
A-interacting nucleons

H;) = Ei|i;)
H:T—l—VNN(A) —|-V3N(A) 4+ ...

using interactions from chiral effective field theory

e Find numerical solutions with no approximations or controllable approximations
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Ab initio calculations starting from

NN+3N interactions
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J.Simonis, SB, G.Hagen, Eur. Phys. J. A 55, 241 (2019).
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Electroweak operator
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Depending on Ef, many channels may be involved
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Exact knowledge limited in
energy and mass number

Lorentz Integral Transform L((;7 I‘) :E/dw(

Efros, et al., JPG.: T,
Nucl.Part.Phys. 34 (2007) R459 '

w—0)%+17

>

Reduce the continuum problem to a bound-state-like equation
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The inversion is performed numerically with a regularization procedure (ill-posed problem)

Iinex

Imax
Ansatz R(w) = Z cixi(w,a) => L(oT)= Z ciL|xi(w, a)]
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Message: Inversions are stable if the LIT is calculated precisely enough
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Coupled-clus

>

cluster expansion

See also

- ! G. Hagen'’s talk
CCSD

CCSDT

SB et al., Phys. Rev. Lett. 111, 122502 (2013)

(H— Ey — o +iD)|¥R) = 6|d)

Results with implementation at CCSD level

H=e¢'THe'

) T =T +T,
__—T T

O=c Oe R =Ry + Ry + Ry

Wr) = R|®o)

+ some study of triples contributions
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Applications to
lepton-nucleus scattering



Coherent elastic neutrino scattering

L ” A scattered
\ neutrino
70 % q) o
® Z
A A h nuclear
oson recoul
The neutrino exchanges a Z-boson
with the nucleus, that recoils as a whole
(no internal excitation).
This is valid for neutrino energies up to 50 MeV /
secondary
recoils
scintillation

Experimental signature: tiny energy deposited by nuclear recoils in the target material
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Cite as: D. Akimov e 2l., Scleace
1011 26/science.aacdVQn (2017).

Observation of coherent elastic neutrino-nucleus scattering
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v, Wy, my, BeamON

BT = TEM 1= S| Q)

[NF,(q%) — (1 — 4sin® Ow) ZFp(¢?)]




C. Payne et al., Phys. Rev. C 100, 061304(R) (2019)
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| NNLO CXp
sat

0 — T-1

g [fm"]

exp: in Mainz, Ottermann et. al., Nucl. Phys. A 379, 396 (1982)
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Small nuclear structure uncertainty in the cross section: 2% at g=50 MeV
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Deep Underground Neutrino Experiment

Sanford
Underground
Research
Facility

Fermilab
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100% muon neutrinos

Vi

Incoming beam:

Probability of detecting electron, muon and tau neutrinos ‘qja—% — SiHZ(ZQ)SiHZ

source: www.dunescience.org
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Neutrino energy is
reconstructed in each event
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d2o

«-A scattering

=09 lccReco +crRor + oo R + br Ry & £ Ry |
dQdw | -

v/v
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d*o 06
e-Ascattering  —o-—| = OM {—% Ry (Q - tan” —> RT}
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Sobcyzk, Acharya, Bacca, Hagen, PRL 127 (2021) 7, 072501
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Inelastic transverse response function

Acharya, Sobcyzk, Bacca, Hagen, in preparation
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Sobcyzk, SB, Hagen, Papenbrock, to appear on PRC (2022) [O}

do/(dwdcosB) [nb/(sr MeV)]

SCGF: Rocco, Barbieri, PRC 98 (2018) 022501 83 '°}
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Sobcyzk, SB et al., to be submitted (2022)

E=737 MeV; 6=37.1°; |j|= 445 MeV

—.— CCSD+FSI |
---- CCSD '




* Remarkable progress in first principle calculations of electroweak reactions

* More work to be expected in the neutrino sector. Stay tuned!

Thanks to all my collaborators:
B. Acharya, W. Jiang, G. Hagen, T. Papenbrock, C.Payne, J.E.Sobczyk, et al.

Thanks for your attention!
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