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Neutrino-Nucleus interactions

Quasi-elastic scattering

Charge current elastic quasi-elastic (CCQE) scattering and
neutral current elastic scattering (CC) dominate at the enegy
of around 1GeV .

νl + n → l− + p

νl + N → νl + N

Where l− = e−, µ−, τ− and N is the nuclon
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Neutrino-Nucleus interactions

CC1π and NC1π interactions

In a few GeV region, the intermediate state is dominated by
the ∆(1232) resonance, which mainly decay into a nucleon
and a pion

νl + N → l− + ∆ → l− + N ′ + π

νl + N → νl + ∆ → νl + N ′ + π
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Neutrino-Nucleus interactions

Coherent pion production

Momentum tranfer from neutrinos can exite the nucleus.
Then the nucleus decays and leaves a pion

νl + A → l− + A + π+

νl + A → νl + A + π0
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Neutrino-Nucleus interactions

Deep inelastic scattering

At high energy (> 5GeV ), neutrino interaction is dominated
by deep inelastic scattering

νl + N → l− + N ′ + hadrons

νl + N → νl + N ′ + hadrons

6 / 18 Tran Van Ngoc Working Status



Neutrino-Nucleus interactions T2K.glb modification Updated ”true” values of oscillation parameters Made the plots by root with T2K.glb

T2K.glb modification

The modifications of event rates and systematic errors are
based on arXiv:1409.7469v2[hep-ex]

Systematic errors of appearance and disappearance are 9.7%
and 13.3%, respectively.

For νe and ν̄e appearance:
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T2K.glb modification

The modifications of event rates and systematic errors are
based on arXiv:1409.7469v2[hep-ex]

Systematic errors of appearance and disappearance are 9.7%
and 13.3%, respectively.

For νµ and ν̄µ disappearance:
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Updated ”true” values of oscillation parameters

The updated values are based on
pdg.lbl.gov/2017/reviews/rpp2017-rev-neutrino-mixing.pdf
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th13delta.c
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th13delta wreactor.c
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Made the plots by root with T2K.glb

deltacp proj.c

Black line: Chi2 for two-parameter correlation

Red line: Ch2 for full correlation: minimize over all but
theta13
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Made the plots by root with T2K.glb

deltacp proj wreactor.c

Black line: Chi2 for two-parameter correlation

Red line: Ch2 for full correlation: minimize over all but
theta13
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Made the plots by root with T2K.glb

theta13 proj wreactor.c

Black line: Chi2 for two-parameter correlation

Red line: Ch2 for full correlation: minimize over all but
theta13
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th23dm.c
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th23dm wreactor.c
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theta23 proj.c

Black line: Chi2 for two-parameter correlation

Red line: Ch2 for full correlation: minimize over all but dm31

17 / 18 Tran Van Ngoc Working Status



Neutrino-Nucleus interactions T2K.glb modification Updated ”true” values of oscillation parameters Made the plots by root with T2K.glb

Made the plots by root with T2K.glb

theta23 proj wreactor.c

Black line: Chi2 for two-parameter correlation

Red line: Ch2 for full correlation: minimize over all but dm31
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