Semi-Inclusive Charged-Current Neutrino-Nucleus Reactions: Analysis of Data in the Relativistic
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Abstract

Semi-inclusive neutrino-nucleus cross sections within
the plane-wave impulse approximation (PWIA) for three
nuclear models: relativistic Fermi gas (RFG), independent-
particle shell model (IPSM) and natural orbitals shell model
(NO) are compared with the available CCOn measurements
from the T2K!, MINERVAZ and MicroBooNE?3 collaborations
where a muon and at least one proton were detected in the
final state. Results are presented as a function of the
momenta and angles of the final particles, as well as in
terms of the imbalances between proton and muon
kinematics. The analysis reveals that contributions beyond
PWIA are crucial to explain the experimental measurements
and that the study of correlations between final-state
proton and muon kinematics can provide valuable
information on relevant nuclear effects such as initial state
dynamics and final state interactions.
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Figure 1. Schematic representation of the process in the PWIA.
The final lepton (k’) and proton (p,) are detected in coincidence.

In PWIA, the neutrino-nucleus fifth-differential cross
section®~ factorizes into two terms: one corresponds to the
weak interaction of the neutrino with a single nucleon of
the nucleus and the other is the nuclear spectral function
that contains information about the nuclear dynamics.

Plane-Wave Impulse Approximation

J. M. Franco-Patino?!, M. B. Barbaro?>, J. A. Caballero'3, G. D. Megias*
!Departamento de Fisica Atdmica, Molecular y Nuclear, Universidad de Sevilla, Spain stituto Nazionale di Fisica Nucleare u
’Dipartimento di Fisica, Universita di Torino and INFN, Sezione di Torino, Italy
3Instituto de Fisica Tedrica y Computacional Carlos I, Granada, Spain
“Research Center for Cosmic Neutrinos, Institute for Cosmic Ray Research, University of Tokyo, Japan

INFN

b ?‘ ({ﬁé = -y N SRS S
Irene Joliot-Curie

UNIVERSITA

La bzolra]:cpi_re de Physique g%ggll{lsg 8 DI
*Université Paris-Saclay, CNRS/IN2P3, lJCLab, France e £ TS
‘;\1x10-38 ........................ — S | . —
do Grcos 0. k'py)*m = | §1 25x10-39} -- RFG
, L 7L ! F8k ’bf ;N)5 NVOT)(ZS(pm»gm) i --RFG = — IPSM %
dk'd cos 8,dpyd cos Oydody e'Eyn(2m) 3 - —IPSM g o L NO %
NE 5x10-39 j -NO - Ng 7.5%10-40F § % %
O 3 S
Instead of defining the cross section as function of the o 5 i
: S 05 2 2.5x1040}
final muon and proton momentum and angles, we could e Co0oo O Il |
. . . S I A e o T
use another set of variables, like the single transverse 05 e o= = 0 BE TE  TE 55 9  ap
variables® (STV), that are especially designed to enhance Spt (GeV) oar (rad)
. . . i - ~~ S 1 —
some nuclear effects and require the detection in T 0x107 ' — o
coincidence of the final muon and an ejected nucleon. 2 - REG g 6)(10_391.
o 4x10%f  — |PSM 13 '
8- ........................ C\QID i o NO NE
-39
2 - - 1p3/2 shell g O 4x10 :
- 1842 shell ;é 2x1o—39_- ‘ - g— _39;
---RFG % _ g@g _ % 2%10-°%
Nk — IPSM total S | o) - | B |
s © 0 ~ oy . ) 'O(m.g-._..._ 8 T
"~ 1.0 -0.5 0.0 0.5 1.0 .
opty (GeV)
e e S0y S Figure 4. MINERVA semi-inclusive cross sections as function of the STV.
. 0.4 0.5
Pm (GeV) Summary and outlook

Figure 2. Definition of the STV as function of final lepton and proton
kinematics (left) and momentum distribution of neutrons in 12C for
different nuclear models (right).

Results .
-0.65 < cos(6) < 0.8 0.3 <cos(6)) <0.8
Z 408 o 2.5%x109—— .( ) =0
s S \
- — P
‘TC 3)(10'39- C\IC 2x10 39_' S NO \
% Z c \
3 ; E 1.5x10-3%
. 2x10-39 = :
& - = :
= i D 1x10-39}
Z - (7p) [
Q 1x10-39% S )
E l © 5"10'40_'
O [ e [
© I @)
0 =2 [ : .. ] ; i 4 : 1
8.0 0.5 1.0
cos(Bph)

Figure 3. MicroBooNE (*°Ar left) and T2K (*2C right) semi-inclusive cross
sections as function of muon and proton kinematics for different nuclear
models.

Theoretical predictions for the cross sections as function of the muon and proton
momenta and angles show very little dependence on the nuclear model in PWIA.
Variables that measure correlations between the final muon and proton like 6p; or
oo can help to identify relevant nuclear effects like initial state dynamics and final
state interactions.

Work in progress to analyze final state interactions based on the Relativistic Mean
Field approach.
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