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Detection of SN 1987A!
Large Magellanic Cloud, 50 kpc Away

Kamioka-II 1987, 1988
IMB 1987, 1988

𝜈̅! + 𝑝 → 𝑒" + 𝑛

2/17Shirley Li (UC Irvine)



3/17Shirley Li (UC Irvine)

Big Picture Consistent
Total energy, average energy, thermal-like spectrum, 
time scale, all consistent with theoretical expectations

Loredo & Lamb, 2001 Yuksel & Beacom, 2008



Powerful Probe of New Physics
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Raffelt, Seckel, 
1988

𝐿# would shorten neutrino signal duration

The ~10 s timescale of neutrino flux can constrain 
new physics

𝐿! lowers the star 
temperature, which 
then lowers neutrino 
signal
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Dark Matter Example
Dark photon Dark matter

Complementary parameter spaces to other probes

Chang, Essig, McDermott, 2018
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Questions Remain

Ongoing debate in the literature
Results in orders of magnitude difference in bounds

What happens when the light particles 
have self-interaction?

PNS PNS

Dicus, Nussinov, Pal, Teplitz, 1989
Chang, Essig, McDermott, 2018
…

Manohar, 1987
Sung, Guo, Wu, 2021
…



Supernova 1987A by Arnett, Bahcall, Kirshner, Woosley

Is this true??
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Let’s Compare!

SL, Beacom, Roberts, 
Capozzi, 2023

Ø Straight out of 
simulation, no 
oscillation

Ø 𝜈̅" only

Ø 20 M⨀

Ø All models in the 
last 10 years
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First Look at the Results

SL, Beacom, Roberts, 
Capozzi, 2023

Ø Model simulation 
vs. 87A data

Ø Cut off all 
predictions and data 
at 0.5 s

Ø Forward modeling

Ø Error bars 1𝜎

9/17



Quantifying the Statistics
KS test on spectrumSL, Beacom, Roberts, 

Capozzi, 2023
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SL, Beacom, Roberts, 
Capozzi, 2023

No model is 
compatible with data
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Could Oscillation Fix This?
Ø How supernova 𝜈 

oscillate is an 
unsolved problem

Ø Lowers the count, 
increases the 
temperature

Ø Not likely to be a 
solution
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Could It Be Different Progenitors?

Ø We do not know the 
progenitor mass for 
87A

Ø Probably roughly 
between 15-30M⨀

Ø Not likely to be a 
solution
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What Does This Mean?

Ø Flux seems high, temperature seems high

Ø Not definitive, simulation runtime too short

Ø Need further studies

ØLonger runtime

ØMore progenitors

ØNeutrino oscillation implemented into simulation
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The Plot Thickens

Opposite conclusions for the first second signal?
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Not Really
1-d simulations with explosion shouldn’t be 

used in the first second

Even then, data still favors very light progenitors 
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Conclusions

Ø 87A data agree with theory at OoM level

Ø Incredibly useful probe for BSM physics

Ø Detailed comparison reveals discrepancy between 

modern simulation and 87A data

Ø Oscillations and different progenitors are likely not 

the solution 
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Backup



Models Considered
SL, Beacom, Roberts, Capozzi, 2023
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Simulation Time
SL, Beacom, Roberts, Capozzi, 2023
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Fiorillo et al. Results
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Predicting Signal in Kam-II

SL, Beacom, Roberts, Capozzi, 2023
Need to interpolate resolution & efficiency

Extrapolation uncertainty does not affect 
the final results significantlyShirley Li (UC Irvine)



Predicting Signal in IMB

SL, Beacom, Roberts, Capozzi, 2023
Need to interpolate resolution & efficiency

Extrapolation uncertainty does not affect 
the final results significantlyShirley Li (UC Irvine)



Detector Efficiencies

How we computed the event rate: 

What we match to the experimental publications:
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