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Summary so far

A The Weak Interaction

o Point-lkescattering Is oOeasyo to calcul at
o Chirality is crucial for neutrino/anti  -neutrino cross -section differences

A Neutrino -nucleon interactions

Separation into QE , RES and DIS

QE: almost calculable with some form (fudge) factors

RES: much more difficult, lots of diagrams to consider

DIS: easy for inclusive high Q 2, hard at low Q 2, hadronic side a total guess
RESDIS transition is poorly understood but potentially important for DUNE

© O O O O

A Neutrino -nucleus interactions

0 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

A Why do we care?
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DEEP UNDERGROUND
NEUTRINO EXPERIMENT

o Neutrino interactions for neutrino oscillations
o Neutrino energy reconstruction
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The T2K Experiment

Super Kamiokande

Near Detector
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The T2K Experiment
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The T2K Experiment
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The T2K Experiment
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The T2K Experiment
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The T2K Experiment
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Neutrino Interactions at T2K
([ 6x0) O( © ' (0),(0)k (0) ©
0% = Event rate B % = Neutrino flux

0C 1, © ' (0) = Oscillation probability i (O) = Detector efficiency
\_ , {0 ) = Interaction cross section

J
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osclllations need ' cross sections

4 v - NG . . , )
0(0) O(C ©'p(0),(0)k (0) ©O
0% = Event rate B % = Neutrino flux
0C 1, © ' (0) = Oscillation probability i (O) = Detector efficiency
, O ) = Interaction cross section
\§ J
A Needto know B , inorder to interpret

O0pas 0 © ' p)
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osclillations need Cross sections

[ 640) O( ©')(0),(0)E (O)

0% = Event rate B % = Neutrino flux
0C 1, © ' (0) = Oscillation probability 7 (O) = Detector efficiency
_ , {0 ) = Interaction cross section y

A Need to knOW ’” in Order to interpret v, Flux (arbitrary norm.)

| - T2K: ND off-axis
U ﬂ:)aS U ( fI; _ I [1707.01048] B.F.
Super-K oscillated

ANear / far ratios don6t ful I}

A Dramatic change in ‘O distribution
A ° atNDvs ' atFD (for appearance)

A Different ND/FD design, acceptance

Stephen Dolan INSS, CERN, August 2021



osclillations need Cross sections

(" 640) O( © ,)0),(0)E (O) A
(jfb% = Event rate B % = Neutrino flux
V(C 1, © ' (O ) = Oscillation probability
\ , {0 ) = Interaction cross section y
A Need to know . inorder to interpret 1 Pl i '.;..1;,' .
U]-baSU( ”; -1.1.\|) off-a

e [1707.01048] B.F.
Super-K oscillated

ANear / far ratios don/

A Dramatic change in ‘O distribution
A ° atNDvs ' atFD (for appearance)

A Different ND/FD design, acceptance

A Not just counting experiments: Require
amodeltorelate O to O
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Nuclear effects and O (T2K/HK)
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Nuclear effects and O (T2K/HK)
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Nuclear effects and O (T2K/HK)

CCQE (1p1h)
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