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Summary so far
Å The Weak Interaction

o Point -like scattering is òeasyó to calculate  

o Chirality is crucial for neutrino/anti -neutrino cross -section differences

Å Neutrino -nucleon interactions

o Separation into QE , RES and DIS

o QE: almost calculable with some form (fudge) factors

o RES: much more difficult, lots of diagrams to consider 

o DIS: easy for inclusive high Q 2, hard at low Q 2, hadronic side a total guess

o RES-DIS transition is poorly understood but potentially important for DUNE

Å Neutrino -nucleus interactions

o Nuclear effects: there are lots of them, they can significantly alter the 

nucleon -level cross section

o Lots of options for ground state modelling and how to build cross sections

o Not all models can predict everything!
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Overview
Å The Weak Interaction

o Historical Overview

o Point -like scattering 

Å Neutrino -nucleon interactions
o QE, RES and DIS

Å Neutrino -nucleus interactions
o Nuclear effects

o Ground state modelling

Å Why do we care?
o Neutrino interactions for neutrino oscillations 

o Neutrino energy reconstruction

Å Neutrino -nucleus interaction measurements 
o Inclusive successes and exclusive failures

Å Where did it all go wrong? (Neutrino event generators)
o Limitations of our simulations

Å Donõt Panic! The future of neutrino interactions
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The T2K Experiment

Muon
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The T2K Experiment

Muon
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Muon

Produce predominantly ’

neutrino or anti -neutrino beam  

The T2K Experiment
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Muon

Near Detector

ND280

The T2K Experiment
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The T2K Experiment

Muon

Near Detector

ND280

ὔ Ὁ „Ὁ ɮ Ὁ Ὁ

Interaction 
cross section
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Detector 

effects
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Muon

Far Detector

Super-Kamiokande
Near Detector

ND280

The T2K Experiment
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Muon

Far Detector

Super-Kamiokande
Near Detector

ND280
ὔ Ὁ ὖ’ᴼ’ „Ὁ ɮ Ὁ Ὁ

Oscillation 
probability

ὔ Ὁ ὖ’ᴼ’ „Ὁ ɮ Ὁ Ὁ
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PMNS Mixing

The T2K Experiment
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Neutrino Interactions at T2K

No Osc .

w/ Osc . 

CC2p2h

CCRES
(Resonant Pion Production)

CCQE
(2 particle, 2 hole)(Charged -Current Quasi -Elastic)

ὔЉὉ ὖ’ᴼ’Љ Ὁ „Ὁ ɮ Ὁ Ὁ

ὔЉ% = Event rate
ὖ’Љᴼ’Љ Ὁ = Oscillation probability

ɮ % = Neutrino flux

Ὁ = Detector efficiency
„ЉὉ = Interaction cross section

RES
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’oscillations need ’cross sections

ÅNeed to know ɮ „in order to interpret 

ὔЉas ὖ’ᴼ’Љ
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’oscillations need ’cross sections

ÅNeed to know ɮ „in order to interpret 

ὔЉas ὖ’ᴼ’Љ

ÅNear / far ratios donõt fully cancel this:

Å Dramatic change in Ὁ distribution

Å ’ at ND vs ’ at FD (for appearance) 

Å Different ND/FD design, acceptance 
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’oscillations need ’cross sections

ÅNeed to know ɮ „in order to interpret 

ὔЉas ὖ’ᴼ’Љ

ÅNear / far ratios donõt fully cancel this:

Å Dramatic change in Ὁ distribution

Å ’ at ND vs ’ at FD (for appearance) 

Å Different ND/FD design, acceptance 

ÅNot just counting experiments: Require 

a model to relate Ὁ to Ὁ
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ὔЉ% = Event rate
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Nuclear effects and Ὁ (T2K/HK)

Proxy for Ὁ from lepton kinematics is exact only for 

CCQE elastic scattering off a stationary nucleon

CCQE (1p1h)
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The motion of the nucleons inside the nucleus 

(Fermi motion ) causes a smearing on Ὁ

CCQE (1p1h)

Nuclear effects and Ὁ (T2K/HK)
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The motion of the nucleons inside the nucleus 

(Fermi motion ) causes a smearing on Ὁ

The energy loss in the nucleus (to extract the struck 

nucleon from its shell) introduces a bias

CCQE (1p1h)

Nuclear effects and Ὁ (T2K/HK)
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