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Timescale of A SN
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Open Questions
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v Is Neutrino Heating the Explosion Mechanism?

v How Do Neutrinos Oscillate In Dense Environment?
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Open Questions
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v Is Neutrino Heating the Explosion Mechanism?

v How Do Neutrinos Oscillate In Dense Environment?

v What Are the Yields of Heavy Elements?

v What Is the Equation of State of a NS?

v What Remnant Forms From A SN Explosion?
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SN Cooling Neutrinos



Input -- Simulation

Luke Roberts

4/9Shirley Li (SLAC)

v 1D

v Goes Out to ~ 100 s

v No Convection

v 15 Solar Mass



𝜈! Signal Rate

Plenty of Events to Late Time in DUNE!

𝜈! + 40Ar → 𝑒" + 40K∗

Ø Inputs:

• 10 kpc SN

• 40 kton 

• 6 MeV Threshold
• Neutron Capture 

Background
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Li, Roberts & 
Beacom, in prep
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𝜈! Energy Spectrum

Detection Threshold Needs to Reach ~ 6 MeV

𝜈! + 40Ar → 𝑒" + 40K∗

Ø 𝐸# = 𝐸$! − 𝑄 − ΔE

Ø Threshold Close to 
Spectrum Peak
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Alternative Outcome -- BH
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Remnant:

Case 1:
PNS Cooling

Case 2: Failed SN

Case 3: Metastable PNS

BH BH NS

BH May Form at Late Times

Different Mechanisms for BH Formation
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Detecting BH Formation

We Can Detect BH Formation at Late Times

Detection Significance of BH Formation
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Conclusions
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Backup



Galactic Core-Collapse SN
How Often?
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Adams et al, 2013
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(With A Systematic 
Uncertainty of A 

Factor of ∼2) 

Li et al, 2011

Per Century



Cooling Neutrinos
Neutrino Luminosity

Cooling Neutrinos Are Interesting & Robust!

Ø 1/t Behavior Surprising

Ø Connects SN and NS

Ø Moderate Mixing Effect

NS!
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Cooling Neutrinos

Li, Roberts & 
Beacom, in prep

Neutrino Energy

Ø 1/t Behavior Surprising

Ø Connects SN and NS

Ø Moderate Mixing Effect

Cooling Neutrinos Are Interesting & Robust!





𝜈! Signal Rate

Plenty of Events to Late Time in DUNE!

𝜈! + 40Ar → 𝑒" + 40K∗

Ø Inputs:

• 10 kpc SN

• 40 kton 

• 10 MeV Threshold
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𝜈! Energy Spectrum

Detection Threshold Needs to Reach ~ 10 MeV

𝜈! + 40Ar → 𝑒" + 40K∗

Ø Threshold Close to 
Spectrum Peak

Li, Roberts & 
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Cross Section Studies



Cross Section Studies



Cross Sections

Difficult Theoretically and Experimentally

𝜈! + 40Ar → 𝑒" + 40K∗
Capozzi et al., 2018


