Introduction
Why neutrino-nucleus
Interactions are
SO important?

Yoshinari Hayato ( Kamioka, ICRR, U-Tokyo )



Neutrino experiments ~ observation of neutrinos
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Neutrino experiments ~ detection of neutrinos
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Major neutrino interactions ~ E, 2 100 MeV
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Single meson productions

Deep inelastic scattering
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v+ N =/ + N’ + mn(n,K)

(/ : lepton, N,N’ : nucleon, m : integer)

14 —— Cross-sections —
- CCQE CC single Total o :
12 1A ANL O ANL82 W CCFRO0 |
= O GGM77 | % BNL86 V¥ CDHSWS87 |
- @ GGM?gdl X IHEP-JINR98 -
1 [ X Serpukho | l g ggfliggz 79
' CC Total + A BNLB2
0.8 |-
0.6 [
04 [
02 |
0 7-1
10 1 10 E, (GeV)



—a—k)/ZEEEDH
MERSZE AN =21 —K) /=8

WMEDMEREEHE =—21—F)/
IREIEER (L.

MBEMeV~HGeVDIRIILF—
hD=—a1—k)/ZF| A,

N b DEERIIRFIRIZIZFFD
T ALTLS,

v cross saction / E, (10% cm?/ GeV)

T2K  CH,H,O ( near)
H,O ( far)

NOvVA CH ( near and far)

DUNE Argon ( far)

NOoNEERTIE., RFiRES
HMN—ERUTIZHIZAZ L
MNIHEELELGH>TETLNVA,

¥ cross section / E, (10°2 cn? / GeV)




Charged current Quasi-elastic scattering
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Case 1: Ev=100~1 GeV
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Charged current Deep inelastic scattering
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Case 2: Ev > several GeV
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Case 2: Ev > several GeV
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Case 2: Ev > several GeV
I i3 Al D Il (NOVASEER)
Za—JIILRYRI—OHBRAIZUIAL—aERERANLS,
Za—JIIRYNT—ODHNESBRERFIEIZALD,

= L]

—a—k) /DA RILEEAN

PPPPP

A. Aurisano et al., arXiv:1604.01444
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Case 2: Ev > several GeV
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Improvement in sensitivity from CVN
equivalent to 30% more exposure
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e Matter effect ~ from mass hierarchy
Possible v, enhancement in several GeV
passed through the earth core
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p—>et+n® Partial lifetime limit = 1.6x103*year
p—>ut+n° Partial lifetime limit = 7.7x10%3year
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Procedure of the neutrino event generation
( Event generator )
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Procedure of the neutrino event generation
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neutrino flux ( @ (E,) ) & total cross-section ( Gy, (E, ) )
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Procedure of the neutrino event generation
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Procedure of the neutrino event generation
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Procedure of the neutrino event generation
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Current issues



Current issues
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Fermi motion,
separation energy etc..

Hadron re-scattering,
absorption etc..
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Current issues
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Current issues v, I
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Current issues
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Current issues
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NOVA v, disappearance analysis
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T2K v, disappearance results
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T2K Vi dlsappearance results
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Uncertainties in neutrino oscillation analysis ~ T2K ~

1ringmuon YU T ILDBRHIIH T EHRFRE

SK detector 3.9% 3.3%
SK final state & secondary interactions 1.5% 2.1%
Flux & v interactions constrained by ND280 2.8% 3.3%
Neutral current interacitons 0.8% 0.8%
Total 5.0% 5.2%

—a—k)/ISVVRE IV Za— I/ RIEDEEF
HIERH IR D AITEIZL > TKRIBIZ/NEKAEH>TULVS,
( Without ND280 constraints ~ 12 % )
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Uncertainties in neutrino oscillation analysis ¥~ NOnA ~

Systematic error of NOVA v, disappearance

Uncertainty in
sin’faa(x10~%)

Uncertainty in

5 f taint
ource of uncertainty Am2, (x1 I Evgj

Absolute muon energy scale [+2%] +9 /-8 +3 /-10

Relative muon energy scale [+2%)] +9 /-9 +23 / -14
Absolute hadronic energy scale [+5%)] +5 /-5 +7 /-3
Relative hadronic energy scale [+5%)] +10 / -11 +29 / -19
Normalization [+5%)] +5 /-5 +4 /-8

Cross sections and final state interactions +3 /-3 +12 / -15
Neutrino flux +1 /-2 +4 /-7

Beam background normalization [+100%)] +3 /-6 +10 / -16
Scintillation model +4 /-3 +2 /-5

dcp [0 — 2m) +0.2 /-0.3 +10 /-9

Total systematic uncertainty +17 / -19 +50 / -47
Statistical uncertainty +21 /-23 +93 / -99

Error @ sin%0,,= 0.626.

NOvVA collaboration
arxXiv:1701.05891v1



Uncertainties in neutrino oscillation analysis ~ T2K ~
1ring electron YU JIILDBERIIH T HRMRE

S T—

SK detector 2.4% 3.1%
SK final state & secondary interactions 2.5% 2.5%
Flux & v interactions constrained by ND280 2.9% 3.2%
NC 1y production (v+ N - v+ N' +vy) 1.4% 3.0%
Cross-section ratio (v, to v, ) 2.7% 1.5%
Other neutral current interactions 0.2% 0.3%
Total 5.5% 6.2%
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Importance to understand neutrino-nucleus interactions
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v, sample : 455 events+20% depending on O.p
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Importance to understand neutrino-nucleus interactions

Reduction of the systematic uncertainties from neutrino interactions
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