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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 

Collapsars and NS mergers 

Remnant: black hole accretion disk





Spectra 



Isolated Neutron Star merger : EoS
Early evolution

e-neutrino

e-antineutrino

C. Palenzuela et al, PRD 2015,  L. Lehner et al CQG 2016



Could we add constraints to the EoS from neutrino detections? 

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

L=10
52

erg/s
t=10 sec

e-neutrino

e-antineutrino



6 ms

50 ms

1 s

Isolated NS merger spectra
Neutrinos Gravitational Waves



Given several observations of GW and neutrinos we could add 
constraints to the EoS

We could detect neutrinos from: Milky way and satellite galaxies in SK

Andromeda  (780 kpc) in HK

Mergers are rare.....

Remarks



Relic events
Formation rates



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) 



Neutrino Detection Rates : Relic Collapsars

SK in 5 years: 3-25 neutrinos 

HK in 10 years: ~900 neutrinos

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



Neutrino Detection Rates: Relic NS mergers 

6 ms

50 ms

1 s HK-Gd Solid 
HK dashed
DUNE dotted-dashed

For a 1 sec merger in Hk-Gd

~ 4 neutrinos in 10 years for SFHo

~3 neutrinos in 100 years for NL3

P. Deguire* , OLC, L. Lehner, PRD 2025



NS mergers: Stochastic gravitational wave background

Shaded area

EOS Signatures could be observed in a range of hundreds of Hz



...Relic neutrinos are buried in the SN 
and background noise !

Use a multi-messenger approach ...

Use coincidence with GW up to  a given 
cosmological redshift, Z_max, to search for 

neutrinos in observatories in a fixed time 
window

Kyutoku and Kashiyama PRD 2018, Lin and Lunardini PRD 2020



EoS: A multi-messenger approach to relics

For 1 sec merger: R (1  )

2 neutrinos/year, Z_max= 0.49 for SFHo

0.004/year, Z_max=0.12 for NL3

Shorter time windows improve 
confidence

1 sec Solid 
50 ms dashed
6 ms dotted-dashed



EoS "distinguishability"

P. Deguire* , OLC, L. Lehner, PRD 2025



Summary
Observations with MeV neutrinos: comprehensive analysis of multi-
messenger signals

Relic neutrino flux from Collapsars is comparable to relic neutrino flux from 
SN 

We provided a framework for the detection of relic neutrinos from NS-NS 
mergers

Feasible: An observational campaign of about 10 years in a HK-like detector 
will allow to distinguish between EOS types.

Stochastic GWs will also add constraints to the EOS in a detectable range of 
hundreds of Hz
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Neutrino Spectra from accretion disks
long term evolution

Observed at 10 kpc from the source
T. Schilbach*, O. L. C, McLaughlin  PRD (2019)

Dynamic

Steady-state



Larger changes with soft EoS when q decreases

Neutrinos in SK:  NS-NS merger at 10 kpc



Isolated NS: Equation of State (EOS)

NS mass =1.35 solar masses

Statistical model (Hempel et al 
2010) with the Relativistic Mean 
Field interactions:

NL3: Lalazissis et al (2008) , stiff
DD2: Typel et al (2012)
SFHo: Steiner et al (2012) , soft

Max. mass observed by
P. Demorest et al 2010
J. Antoniadis et al 2013

C. Palenzuela et al PRD 2015



Neutrino luminosity evolution

Luminosity oscillates for q=1

Neutrino luminosity evolution

Luminosity oscillates for q=1

Density at different times DD2 EoS 

q=1
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