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What do MC neutrino event
generators need?



Inclusive cross section?

neutrino muon

nucleus
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Inclusive 2C(e, ') cross sections
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Comparison with CCO7 data
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Based on: arXiv:1905.08556

Ove rVIeW Also: see Guillerrr-wo‘s ’ra.lk bef.ore this

« Recently implemented the SUSAV2 1p1h and 2p2h models in GENIE
using hadron tensors.

« Based on implementations of the Valencia 2p2h (NEUT/GENIE)

« Exactly reproduces the inclusive predictions of the models
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SuSAv2-MEC implementation in GENIE: Validation plots (T2K CCOn)

T2K CCO7 v, —'C data vs. SuSAv2-MEC ceniE
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Introduction to the spectral
function approach
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Comparisons to C(e,e’) data
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Contribution from 2p2h to the inclusive cross section
Meson-Exchanged Currents (MEC)



Contribution from 2p2h to the inclusive cross section
Meson-Exchanged Currents (MEC)

Comparison of SuSAv2-MEC®%e"€ with Nieves®®"€ 2p2h arXiv:1905.085

New SUSAvV2 implementation
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Differences in np/pp separation are mostly related to the treatment of 2p2h direct/exchange
interference terms (absent in Nieves model) — strongly affects np/pp ratio by a factor ~
2 (PRC94:054610,2016) = Implications in nucleon multiplicity and hadron E,eco
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Real part or full propagator of the delta?



Real part or full propagator of the delta?
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Real part or full propagator of the delta?
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Real part or full propagator of the delta?
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What do MC neutrino event
generators need?

Information about the hadrons?



muon/ 1
neutrino

neutrino

nucleus

Elastic scattering
(difficult)



neutrino

nucleon

—

nucleus

Quasielastic scattering
(difficult)



neutrino

nucleon
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nucleon
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2N knockout
(very difficult)



neutrino

nucleon

pion

nucleus

Single pion production
(very difficult)
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Two pion production
(impossible?)
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nucleus N
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How do generators predict hadron
kinematicse (Much more detail tomorrow)

« Start with the inclusive prediction

 Pick random initial-state nucleon momentum and
binding energy based on some spectral function

« Conserve energy / momentum at the vertex to predict
hadron kinematics (under impulse approximation)

« Add an FS| cascade to deal with all the stuff that we
missed out

X

This is not the same as this

J’ doccok
dp,d8,dp,d6,do,,

Stephen Dolan ECT* Workshop, 04/06/19 17




(They do it differently in NuWro, at least for the Spectral Function approach)

Factorization of the cross section in the absence of FSI:

d8gPWIA G2 cos? fg|q]

: — . JHY S (w+ M — Epy — Ey
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Spectral function formalism yields:

PWIA / dE UP'WIA
¢ ~ /v dwd|q|dEndpm

[dwd|q|dEmdpm]

In NuWro, the invariant variables are: (2, Em, pm.
Additionally, E,,, pm are sampled from the spectral function.

Therefore, NuWro calculates

g et / g ! [dﬂ* S(Em, |pm|)dEndp }
Jv dwd|q|dEpdpm S(Em, |Pm|) p=\E=ms [Fm mAPm

Kajetan Miewczas SE MEC in NuWro 05.06.2019 13/ 42



What Is the best seed for a Cascade?

Condition:
Good Inclusive cross section.



What Is the best seed for a Cascade?

Condition:
Good Inclusive cross section.

Problem:

We are not able to model with accuracy any of the
non-inclusive reaction channels.



What Is the best seed for a Cascade?

Condition:
Good Inclusive cross section.

Problem:
We are not able to model with accuracy any of the
non-inclusive reaction channels.

One exception: Exclusive A(e,e’p)A-1
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Observation/Assumption: 25— =
The effect of the optical potential 5
accounts almost only for ‘hard’ |
rescattering events. T i
1.5 | ]
So the MC can take care of thisbut  Jif ™ | xo0.55
the model should take into account %
the real part of the potential to give 1
A good inclusive cross section ,
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Quantum mechanical elastic distortion

1. Shifts the peak to the correct position
2. Distributes peak strength to the tails

do/(dCdm) nb/Me\sr
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This is not a ‘hard’ scattering
(this is important for later)
The dispersion relation of the outgoing
nucleon is determined in the potential
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What Is the best seed for a Cascade?
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