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- Supernova neutrino physics
-  What will we see with 40 kton of LAr?
-  What will we see with 10 kton of LAr?




Neutrinos from core collapse

When a star's core collapses, ~99% of the
gravitational binding energy of the proto-nstar
goes into v's of all flavors with ~tens-of-MeV energies

(Energy can escape via v's)
Mostly v-v pairs from proto-nstar cooling
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Expected neutrino luminosity and average energy vs time

Vast information in the flavor-energy-time profile

Fischer et al., Astron.Astrophys. 517 (2010). arXiv:0908.1871: ‘Basel’ model
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What can we learn from the next neutrino burst?

CORE iInput from
neutrino
C;(:#-Spl«ggE experiments [

\/

explosion mechanism
proto nstar cooling,

quark matter NEUTRINO and
black hole formation OTHER PARTICLE
accretion, SASI PHYSICS

nucleosynthesis
v absolute mass (not competitive)
v mixing from spectra:
flavor conversion in SN/Earth,
collective effects
=> mass hierarchy
other v properties: sterile v's,

input from
photon (GW)
observations magnetic moment,...

axions, extra dimensions,
FCNC, ...

see Alex Friedland + EARLY ALERT
parallel talk 4



Water

1-s time slice from Duan model; 100-kt water/ 34-kt LAr (caveat: an anecdote)
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Low energy neutrino interactions in argon

Charged-current absorption

Vv, + 0Ar — e + 40K* — Dominant

v, +4Ar — et +40CJ*

Neutral-current excitation _N?t m“f[:_h
information
40 40 A o
v, +Ar — v+ %Ar in literature

Elastic scattering

i} i Can use for
Ve,x te — Ve,x T e — —— pointing

In principle can tag modes with

deexcitation gammas (or lack thereof)...



Cross sections in argon
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Supernova signal in a liquid argon detector

Events seen, as a function of observed energy
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Can we tag v, CC interactions in argon
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Need to understand efficiency for given technology



Example of supernova burst signal in 34 kton of LAr
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Events per bin

Flavor composition Energy spectra

as a function of time integrated over time
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Another anecdote:
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A. Friedland, H. Duan, JJ Cherry, KS

1-sec integrated spectra in 34-kton LAr, few sec apart for 10-kpc SN, NMH
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MH-dependent “non-thermal” features clearly
visible as shock sweeps through the supernova
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And another: A. Friedland, H. Duan, JJ Cherry, KS
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clearly, there’s information in the spectral evolution
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What if you “only” have 10 ktons?

I’'ll take it!!
We still get ~100’s to 1000’s
of electron neutrinos...

(Remember that the current world
supernova neutrino sample is ~2 dozen
nuebars, and ~0 nues...)
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Number of interactions

Events in LAr vs distance
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very rich information, both physics and astrophysics,
in the energy-flavor-time profile
of a core-collapse supernova v burst
liquid argon detectors have unique sensitivity to
the electron flavor component, which has
iInteresting features (e.g., neutronization)
there is significant variation in models, and 1/D?
variation with distance
10 kton detector still has unprecedented capability!
we must understand detection and reconstruction
efficiencies for ~5-50 MeV neutrinos, and
select detector parameters to ensure capability
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WO rld SN ﬂavor SenSitiVity for ~largest existing or proposed detectors

of each class

Electron neutrino = dominate in LAr
Electron antineutrino = dominate in water & scint
Muon and tau neutrino and antineutrino =» minor component
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