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OUTLINE

Motivation. Why exclusive observables?
How Is it done in Monte Carlo generators!
Theoretical framework:Valencia model
More on 2p2h inValencia model

Conclusions & outlook



MOTIVATION
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MOTIVATION
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In every accelerator neutrino
experiment we are sensitive to
all dynamical mechanisms

Spectrum is rich and mostly
requires relativistic description

neutrino energy iIs unknown (flux is not
monochromatic & uncertainties)

Fach experiment probes different energies
(various physical mechanisms dominate)
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ENERGY RECONSTRUCTION

Kinematics [~ Calorimetry

depends on lepton reconstruction - Chergy corlmslervation

relies on identification of interaction * relies on visible Silislng)

channel. (for CCQE works well) * hadron masses influence the energy
balance

In both cases nuclear models play crucial role.

We need exclusive observables.



MONTE CARLO GENERATORS

Physical processes factorised into 2 steps

| distribution
primary eNeclels of outgoing
vertex hadrons

absorption
charge exchange
production

Currently: |, weight of the event do/dq dw
2. outgoing nucleons distributed according
to avallable phase-space

What is the actual nucleons distribution from primary vertex?




THEORETICAL FRAMEWORK:

A

VALENCIA MODEL
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THEORETICAL FRAMEWORK:
VALENCIA MODEL

* Inrtial nuclear state: Local Fermi gas (Local density approximation)

* Polarisation (RPA) effects taken into account

Phys.Rev.C 70 (2004) 055503

» Particularly renowned for A-degrees of freedom (A self-energy)

and P lon production Phys.Rev.D 76 (2007) 033005

Phys.Rev.D 87 (2013) 11, 113009

» Spectral function of nucleons

Annals Phys. 383 (2017) 455-496

* Predictions for other processes: 2, A, K production...

Phys.Rev.D 74 (2006) 053009
Phys.Rev.C 99 (2019) 6, 065503
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THEORETICAL FRAMEWORK:
VALENCIA MODEL

x? = 48.5 (43.2,62.2) n.d.o.f.=26 Prob = 0.0047 x%= 107 (86.1,202) n.d.o.f.=24 Prob= 2e-12
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NEUT implementation simultaneously compared to the most recent 12K
and MINERVA charged current (CC) inclusive, CCOx and transverse variable
results.

arXiv:i2012.12653
B. Bourguille, |. Nieves, F. Sanchez



WHAT IS NEW IN 2P2H MODEL!

. How does the distribution of final nucleons look
Ike!?

2. Implement new A treatment in the Valencia model

3. To get information (1) in the Valencia model.
disentangle 2p2h and 3p3h

4. Check previous implementation
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: initial nucleons
|l ocal Fermi Gas
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| Much more than one-pion exchange




INTERACTION VERTEX
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The same set of diagrams as

for the pion production.

Recently benchmarked with

electron data and with Sato-

L ee and DCC models
(Phys. Rev. D98.073001)
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INITIAL / FINAL STATE
CORRELATIONS

Arse ﬁ AW Aype = Apsc = AAAMARAAM




INITIAL / FINAL STATE
CORRELATIONS

Ayec gw\wvwvm Apsc = AAAMAMAAAA

in our approach it Is
higher order correction




VARIOUS CONTRIBUTIONS

FSC not considered [ Interference diagram
(contribution to between FSC and A
nucleon self-energy) (iImportant!)




WHATI IS NEW/?

This diagram gives a
major contribution to
the cross section

One can look at this
diagram as a contribution

to the A self-energy




WHAI IS NEW?

Previously

W,
A
W,
3p3h diagram

Currently
W

Self-energy parametrised

and taken from Nucl. Phys. This diagram s directly

calculated

A468, 631 (1987)




RESULTS
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DIFFERENTIAL CROSS
SECTION

All channels, £, =1 GeV

2.5

o o) “Irregular" shape of the
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3p3h needs more energy

transfer (3 particles produced
above the Fermi level)




OUTGOING PROTON PAIR

OUR RESULTS:

|p| <450 MeV

1 T T 2-5 1-8 T T T I 3 ].~8 T T T T T 3
y g1.6 » - g1.6 N -
2.5 2.5
208 B, =05GeV 182 214 E,=[GCev . £14  E,=[L.5GeV .
=~ — =~
;D §1.2 - 1H 2 §1.2 -
"_c‘;().6 B n 1.5 "_c‘; 1 L i "_C"%‘ 1 1
Z = e 1.5 8
s = L i ) L
204 10, 208 208
?‘5 %0.6 - 1r11 C%50.6 i
D2 F HF{05 04 : 204 [
= S 105 &
0.2 - 02 L
0 — 0 0 — 0 0 — 0
0 0.2 0.4 0.6 0.8 1 0 02 04 06 08 1 12 14 16 1.8 0 02 04 06 08 1 12 14 16 1.8
p; [GeV] leading proton p; [GeV] leading proton p; [GeV] leading proton
1 6 1.8 4.5 1.8 )
1.6 18 4 1.6 1B 45
S E, =05 GoV 5 8 S
£08 By, =00 Ge 1 214 +  E,=|1Gev M35 214+ E,=L5GeV 1 4
8 &, & 55
é{) 4 2012 [ 7 3 3?12 [
206 . E = 3
> = 1r “B25 3 1r .
= =3 = = =4 2.5
= =0.8 1 2 =0.8 -
704 - E z Z 12
% o %0.6- k415 %0.6- 1 15
02 | ] 04 F L e 1
& -1 S S
0.2 1t{05 02 11105
0 — 0 0 —10 0 — 0
0 0.2 0.4 0.6 0.8 1 0 02 04 06 08 1 12 14 16 1.8 0 02 04 06 08 1 12 14 16 1.8
p; [GeV] leading proton p1 [GeV] leading proton p; [GeV] leading proton

19



OUTGOING PROTON PAIR

OUR RESULTS:

|p| < 450 MeV
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OUTGOING NEUTRON-

PROTON PAIR
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OUTLOOK

Implementation of theoretical models into the MC generators

Exhaustive Neural Importance Sampling applied to Monte Carlo event generation

Sebastian Pina-Otey,' 2> * Federico Sanchez,? Thorsten Lux,? and Vicens Gaitan'

! Aplicaciones en Informdtica Avanzada (AIA), Sant Cugat del Valles (Barcelona) 08172, Spain
? Institut de Fisica d Altes Energies (IFAE) - Barcelona Institute of
Science and Technology (BIST), Bellaterra (Barcelona) 08193, Spain
3 University of Geneva, Section de Physique, DPNC, Geneva 1205, Switzerland
(Dated: July 22, 2020)

The generation of accurate neutrino-nucleus cross-section models needed for neutrino oscillation
experiments require simultaneously the description of many degrees of freedom and precise calculations
to model nuclear responses. The detailed calculation of complete models makes the Monte Carlo
generators slow and impractical. We present Exhaustive Neural Importance Sampling (ENIS),
a method based on normalizing flows to find a suitable proposal density for rejection sampling
automatically and efficiently, and discuss how this technique solves common issues of the rejection
algorithm.
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CONCLUSIONS

VWe revised a computation of 2p2h in Valencia model. [t does not influence

the Inclusive x-section too much. But we get an Insight into the nucleons
distribution.

VWe predict a strong asymmetric signal for proton-proton final state (some
differences should be visible due to the proton's momentum thresholds +

might help to discern between various theoretical approaches)

3p3h amounts to ~20% of 2p2h strength (but difficult to calculate)

Next step: benchmark of theoretical models for semi-exclusive processes
(combine 1t with a cascade model)
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WHY IS 2P2H IMPORTAN T
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AVAILABLE ENERGY

Kinetic energy of outgoing proton(s)

We predict less energetic proton
than in isotropic distribution

1.8

'%‘ 1.6 - 2p2h """""" | %‘ 2p2h ----------- |
< e Zp2in Bl ——— S 2p2h FSI ——
I L NEUT - { & NEUT ------ |
5 =T 4 NEUT FSI ----- = NEUT FSJ -—-—-
ooo 1.2 B " - OOU |
T il T L o
o 1r | o
= Lpi =
2 O 2
§ 0.6 e %
Lﬂ 04 B B m
= ~
g 0.2 il g

O = | | | | | 225 | | | | L

0 0.2 0.4 0.6 0.8 1 157 1.4 0 0.2 0.4 0.6 0.8 1 il 1.4

E . GeV E i GeV
available GeV] wailable GOV proton+neutron
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INTERACTION VERTEX

Diagrams are build up
from different interaction
vertices




WHAI IS NEW?

With this cut we get insight
INto nucleon distribution

We separate 2p2h and 3p3h
contribution (earlier they were

taken together)

3p3h diagram




RPA EFFECTS

Fffective Landau-Migdal interaction
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