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EXPERIMENTAL ANALYSIS ~ Neutrino interactions: GENIE, NuWro, GiBUU, NEUT

© Particle transport: Geant4, Fluka
- E  reconstruction is required

- E, from the final states particles kinematic



Cross-section:  © Uncertainty in cross-section models

.\
o 9 /:_-_?‘.
- o L - . .... =
-8 |54 o .o '
o+ 0 © o 9 ©

> e

. - é
o

Initial Nuclear Extra Nudlear FinalState
State Efecls Nnieractions (FSI)

v

hadrons




- Neutrino experiments measure v interaction event rates:

N(E,ec, L)oc/ ®(E,,L) x o(E,)) xe(E,, T,0..)dE,(ND un-oscillated)
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Measurement incoming v flux cross-section efficiency

- After oscillation:
NED E, 0 E
P OE) dD(E) &2 L
N,’)if’ (E) ol (E,,) el *

o Particle selection is different for ND and FD:

- € depends on the kinematics of the final states which relies on cross-section model

e Different model predicts different particle multiplicity in the final state. Which results in uncertainty
(systematic)



Neutrino energy reconstruction:

~ Systematic Uncertainties in neutrino-nucleus interaction for precision physics

Eﬁ“l = E; + €, + Z(Em — M) + Z Emj (Calorimetric method)
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Subshell E, (MeV) o, (MeV) No. neutron n,

181/2 40.8 9.1 2
1p3/2 20.3 5) 4
~ Gaussian distribution for nucleon separation energy Neutron Shell structure for C12

Subshell F, (MeV) o, (MeV) No. neutron n,

1
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Neutron Shell structure for Ar40



Neutrino Flux:

Flux (1/GeV)
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CCQE: Purity Selection -> 1 mu + 1 proton + X neutron

DUNE: Particle Detector cut Particle | Detector cut
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MicroBooNE:

Particle | Detector cut
Muon p > 100 MeV
Proton | p > 300 MeV
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~ Purity Selection:
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Conclusion:

Purity of QE selection for DUNE and MicroBooNE using calorimetfric method

~ Selection of 1 proton, O pions, and X neutrons shows significantly well-reconstructed neutrino
energy ( < 100 MeV)

Deviation from unity without FSI also highlighted the importance of other nuclear effects in
energy reconstruction for precision physics
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Neutrino interaction simulation :

Flux ~Neutrino Detector Analysis
simulation |—» |r!teraCt!0n » simulation |[—» ©00@
simulation
—»
pass through
flux info

from Costas Andreopoulos, Rutherford Appleton Lab

~ Monte Carlo generators are used to predict neutrino flux,

detector responses and generate interaction

~ MC predictions are compared with data Monte Carlo




Neutrino Flux:

Arbitrary

— T2K/Hyper-K

o 1 2 3 4 5 6

< T. Katori and M. Martini, J.Phys. G45 (2018) 013001

7 .8
E, (GeV)
© Current and Future neutrino experiments range 1-10 GeV

~ Systematic uncertainty by 10% flux uncertainty contribution (plans to reduce by EMPHATIC)
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