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We very briefly describe the main ingredients, including the latest modifications, of the “HNV”
model for one pion production in neutrino nucleon reactions. We present results for total cross
sections as well as pion angular distributions with respect to the pion polar angles measured in
the pion-nucleon center of mass. The latter show that the approximation of taking an isotropic
distribution, as done in some Monte Carlo generators, is not supported by microscopic calcula-
tions. With the corresponding medium effects taken into account, the model is applied to one pion

production in nuclei for which we show some preliminary results.
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1. Introduction

In this contribution we present some results obtained with the latest version of the neutrino
induced one-pion production model originally developed in Ref. [1]. In its primary form, the model,
that has become to be known as the HNV model, contained the dominant A(1232) contribution
(Figure 1 left) and non-resonant terms (Figure 1 center) that are required by chiral symmetry. Later
on, and with the idea of extending the validity of the model to higher Wy invariant masses, we
included in Ref. [2] the contribution from the D;3(1520) resonance (see Figure 1 right), the one
that apart from the A gives the largest contribution below Wy = 2GeV. In Ref. [3] the model was
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Figure 1: Pictorial content of the HNV model as it was introduced in Ref. [1] (left plus center), and the new
contribution from the D;3(1520) resonance (right) added in Ref. [2].

modified so that it complied with Watson’s theorem. Splitting the amplitude between Direct Delta
(Ty) and the rest (7p), we followed Olsson method [4] and modified our amplitude as

Tg+Th — Tg+ VTN, + e TY, (1.1)

where the, ¢> and W,y depending, vector &y and axial §, Olsson phases were fixed by requiring
that the dominant vector and axial multipoles with the A(1232) quantum numbers have the correct
phase 8p,,(Wry). Finally, in Ref. [5], and inspired by the work of Ref. [6], we included the latest
modification that affected the spin-1/2 part of the Rarita-Schwinger projector present in the A prop-
agator. The idea behind this modification was to obtain a better reproduction of the vyn — u~ nm*
channel, a channel that is very sensitive to the crossed- A term and thus to the spin-1/2 part of the A
propagator. The interested reader can find all the details of the model in the above given references
and references therein.

2. Results at the nucleon level

In Fig. 2 we show results for total cross sections for v, induced reactions taken from Ref. [7].
Since the data has been measured in deuterium, we take into account deuteron effects as explained
in Ref. [8]. We compare our results with the theoretical predictions of the more elaborate, fully-
unitary, dynamical coupled-channel (DCC) model of Ref. [9] and experimental data from Refs. [10,
11, 12]. The agreement with data is good. We also find a good agreement with the DCC model
predictions. The largest discrepancy with the DCC model occurs for the vyn — u~nm™ case for
which we give a better global description due to our modification of the A propagator.
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v,p = pprt, Wy < 1.4 GeV v,n— ponrt, Wy < 1.4 GeV
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Figure 2: Different vyN —— ™ N’ total cross sections as a function of the neutrino energy. We compare
our results (HNV) with the predictions by the DCC model [9] and experimental data. The latter have been
taken from the reanalysis done in Refs. [10, 11] of old ANL (crosses) and BNL (open squares) data, except
for the vyn — v, pm~ reaction that we take from Ref. [12].

In Fig. 3 we show results for do/dQ%,
in the final nucleon-pion center of mass. As seen, the distributions are clearly anisotropic and
channel dependent. Similar results are found for the DCC model (see Ref. [7]). This is in contrast
to the approximation in some Monte Carlo generators where an isotropic channel-independent
distribution is taken. Besides, and as explained in Ref. [7], the lack of reflection symmetry with
respect to the ¢, = 0 line, clearly seen in some of the panels, is a consequence of parity violation

with Q7 = 07,90, the pion polar angles measured

and it originates from the interference between multipoles with different quantum numbers that are
present in the amplitude.

0

HNV v, p — e prt

0.065
0.055
0.045
0.035
0.025

—180

—0.5 0.5 1

0
cos 07

HNV v,n — e nrt
0.018

0.014
0.01

0.006
0.002

0
cos 0",

HNV v,n — e nr

-1 0.5

cos 0*
™

0.5

0.022
0.018
0.014
0.01

0.006

HNV v,p — v pr

cos 0*
™

Figure 3: HNV model prediction for do /dQ; differential cross section in units of 10738 cm?, as a function
of ¢; and 6, evaluated at Ey, = 1 GeV and with a Wy < 1.4 GeV cut.

3. Results at the nucleus level

The in-medium modification of our pion production model at the nucleon level, as well as

details on the Monte Carlo code we use to evaluate the final state interaction effects are discussed
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in Ref. [2] and references therein. Here, we show some preliminary results, obtained with the
latest modifications of the model, that we compare to theoretical results by the Giessen Group
(GiBUU in the Figure) [13] and experimental data from the MiniBooNE [14], MINERVA [15] and
T2K [16] Collaborations. For MiniBooNE and T2K we have integrated the neutrino flux up to
2 GeV neutrino energy, while in the case of MINERVA, where a cut Wy < 1.4 GeV is applied,
we goup to 5 GeV. We get a reasonable description of MiniBooNE data but we over predict in the
case of MINERVA, though we seem to get right the forward pion data. For T2K the agreement is
reasonable considering the large errors but, compared to central values, we lack forward pions.
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Figure 4: Results of our model (solid red), including the latest modifications at the nucleon level. We com-
pare our results to experimental data by the MiniBooNE [14], MINERVA [15] and T2K [16] Collaborations.
We also show the theoretical results obtained by GiBUU [13].
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