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200,000 relic neutrinos from collapsars and
200 relic neutrinos from neutron star mergers 

pass through a human body per second



Relic neutrinos





Supernova relic neutrinos



L. Piro, Nature 2022 



Scenarios

Mergers: 
• Neutron star- Neutron star
• Neutron star -Black Hole

Collapsars : 
• rotating massive star collapsing into a black hole

Both scenarios will eventually lead to a black hole 
accretion disk





Accretion disk models

Ca =Steady state, relativistic, 

NSE, Chen & Belobodorov. 

Ja = Steady state, pseudo-

Newtonian, NSE, 44Mn, O. Just 

et al MNRAS, 2015.



Neutrino Spectra from accretion disks

Observed at 10 kpc from the source

T. Schilbach*, O. L. C, McLaughlin  PRD (2019)



Neutron Star mergers : EoS

 e-neutrino

 e-antineutrino



Neutron Star mergers : EoS

 e-neutrino

 e-antineutrino



Could we add constraints to the EoS from neutrino detections?

Supernova:
R= 1/ms, E~ 11 
MeV, 

L=1052 erg/s
t=10 sec

 e-neutrino

 e-antineutrino

Neutrinos in SK:  NS-NS merger at 10 kpc



Neutrino spectra from neutron star mergers
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P. Deguire* , OLC, L. Lehner, in progress





Formation rates

SN and UN rates from GRB burst from Swift, Yuksel et al ApJ (2008), PLB (2013)

Merger rates Dominik et al ApJ (2013) 



Relic flux

EoS Neutron star mergers (dynamical)
P. Deguire* , OLC, L. Lehner, in progress

Accretion disk: collapsars and mergers
T. Schilbach*, OLC, G. McLauhgin, PRD 2019

PRELIMINARY



How many relic neutrinos per year in SK?



Detetion rates : SN 

Horiushi, Beacom, Dwek

PRD 2009



Detection Rates



Disk relic neutrinos at SK and HK

SuperK in 5 years: 3-25 neutrinos from Collapsars

HiperK in 10 years: ~900 from collapsars, 6 from NS-NS

T. Schilbach*, O. L. C, McLaughlin PRD (2019)



Diffuse neutrinos can provide information on :

• Evolution of compact object mergers and collapsars 

 i.e.
• Astrophysical event  rates

• EoS constraints

....in the next few years…

More work is needed regarding the extraction of the diffuse background from 

detectors.

Neutrinos provide information about the explosive stellar mechanisms by direct 

detection and by their influence on their byproducts (e.g. heavy element 

synthesis). Potential for relic neutrinos relation to chemical evolution.

Conclusions
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