Realistic spectral function model for

charged-current quasielastic-like (anti)neutrino
scattering cross sections on 2C

M.V. Ivanov! A.N. Antonov! G.D. Megias®> J.A. Caballero?
M.B. Barbaro®  J.E. Amaro* I. Ruiz Simo* T.W. Donnelly®
J.M. Udias®
Hnstitute for Nuclear Research and Nuclear Energy, Sofia, Bulgaria
2Universidad de Sevilla, Sevilla, Spain
3Universita di Torino and INFN, Torino, Italy
4Universidad de Granada, Granada, Spain

5Massachusetts Institute of Technology, Cambridge, USA

SUniversidad Complutense de Madrid, Madrid, Spain




Theoretical scheme

In this work [1] we present a detailed study of charged current
quasielastic neutrino and antineutrino scattering cross sections on
a 2C target with no pions in the final state.

The initial nucleus is described by means of a realistic spectral
function S(p, &) [2]:

S(p,€) = > 2(2ji + V)ni(p)Lr,(€ — &)

!

in which nucleon-nucleon (NN) correlations are implemented in
ni(p) by using natural orbitals [3] through the Jastrow method [4].
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Figure: The 12C realistic S(p, £) using natural orbitals single-particle n;(p) from the
Jastrow correlation method and Lorentzian function for the energy dependence. Two e
shells 1p and 1s are clearly visible.
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Neutrino scattering

The model also includes the contribution of the weak two-body
currents in the 2p-2h sector, evaluated within a fully relativistic
Fermi gas [1]. The theoretical predictions are compared with a
large set of experimental data measured by the MiniBooNE [2],
MINERVA [3] and T2K [4] experiments.

Good agreement with the experimental data is found.
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Neutrino scattering

25 25 25
09<cusﬂ <1.0 08<CGSBM<DQ 07<cusa <08 S*Eg:i ?g 0.6 <cos 0, <0.7
L +FS| —— 0
20 ? 20 y 20 SuSAv2 16
- 14
15 q‘% 15 4 15 {— +M|mEucNE —_— 12
p 10
10 % 10 / “\L‘ 10 8
6
5 _h{::l: 5 i, 5 . \&H 4
s T 2
4 0 = 0 0
s 0 05 1 0 02040608 1 12 14 16 18 0 02 04 06 08 1 12 14 16 0
o
o 18 16 14 14
< 6 + 05<cos6,<06] 0.4'<cos 6, <05 03<cos0, <04]
5 +
-] = 10
g 8
= 6
° 4
2 2
£ 9 5
% 112 0 01 02 03 04 05 06 0.7 0.8 0.9
of
o 12 10
9 +—02<cossu<—01
8
7 .
6
5
4 / N
3
2
1 S
0

0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 0 01 02 03 04 05 06 07 0 01 02 03

T, [Gev]

Figure: Flux-integrated double-differential cross section v, +2C versus muon kinetic §
energy T, for various bins of cosf,,; data (Aguilar- Arevalo et al., MiniBooNE, 2010).
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Neutrino scattering
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Figure: Flux-integrated double-differential cross section v, +2C versus muon
momentum p,, for various bins of cosf,; data (T2K Collaboration, 2016).
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