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W Supernova Neutrinos in DUNE

Neutrons Play A Crucial Role!

Expected Supernova Neutrino

Spectrum at DUNE A Simulated Neutrino Event
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See Bob’s Talk
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DUNE

Long Baseline Experiment: GeV v, & v, beam

Expected Neutrino Spectrum at

Accelerator Neutrino Fluxes Far Detector

| — :
E 10 : ! : 3 DUNE v, Appearance
p— O : : 160 Normal Ordering
: Hf" &H‘R g Ve 9 sin'29 , = 0.088
I h v sinf,, = 0.580
810'0 r : L. : Vg e 140 3.5;0”.:-(:1:906)
8 j 5 : —V 8. 4= Signal (v, + v,) CC
= i i _F £ 120 S Beam (v, + v,) CC
b TN L i 4 $ -, + 7,) CC
. et Bt IO e . | w 100 "ev)CC
= 10 :‘—‘_“‘k‘_ q“‘—"\‘v\.‘__ﬁ ; v+ V)
> | ~—
(" 1 . - 80
g | .
Stk i 60
= i , ]
= il ~ , 40
> A N I
107 F N 20
PUPRPEP PP .A ada | PP P wove
0 1 2 3 4 5 6 7 8 9 10 N 2 3 a4 5 6 7 8
DUNE 2020 Energy (GeV) Reconstructed Energy (GeV)

Accelerator Neutrino Energy: 0.5—5 GeV
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Energy Budget of GeV v

GENIE: 4 GeV v, in Argon

Friedland, Li

2018
Energy Budget for Hadronic System
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Understanding Neutrons Is Important for
Neutrino Energy Reconstruction i



A Simulated Neutrino Event

GENIE+FLUKA: 4 GeV v, in Argon

Friedland, Li 200
2018
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Neutrons Could Be Produced at Every Step
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Effect on Energy Resolution

Friedland, Li
2020
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Significantly Worse Resolution Without Neutrons
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Neutrons in Neutrino Events

Friedland, Li Neutron Spectra
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Neutron Propagation
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Castiglioni et al., 2020
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Similar to Protons at High E, Unique at Low E
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Neutron Event Dislola_y

y (cm)

Three 500-MeV Neutrons in Argon

Friedland, Li 2018 . 3
Simulated with FLUKA
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Large Variation; Proton Tracks + Blips
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Neutron Detectabilit_y

Energy Budget

Friedland, Li 2018
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A Large Fraction of the Energy Could be Detectable
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Neutron Detectabilit_y

Leading Secondary Proton
Friedland, Li 2020
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Requires Low Thresholds
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Neutron Detectabilit_y

Geometry
Friedland, Li 2020
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Neutrons Travel Far...
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Neutron Interactions

First Measurement of the Total Neutron Cross
Section on Argon between 100 and 800 MeV
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Uncertain! Need More Measurements
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Final Energy Budget

Friedland, Li 4 GeV Neutrino Hadronic System
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18% Energy Can Be Recovered; 12% Invisible
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Conclusions
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v’ Important
v' Challenging
v" Uncertain

v" Need More
Studies!
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