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Diffuse neutrinos from all SNe 
•  Sum over the 

whole universe: Supernovae 

S. Ando and K. Sato, New J.Phys.6:170,2004.  



•  Alternative to a galactic supernova! 
–  Lower statistics 
–  Continuous flux, no waiting time  
– might be standard physics in future! 

•  ~20 events/year at Mt water Cherenkov 
•  A galactic supernova will always be once in a 

lifetime, the DF will be everyday stuff 



Probes deep in star’s interior… 
•  physics near SN core 

–  Energetics of collapse  (mass of core , eq. of state) 
ν  spectra formation 

•   ν oscillations at extreme density 
–   ν-ν refraction effects, ν mass spectrum, θ13 

•  new physics: 
–  axions, majorons, sterile ν, 
–   ν decay, … 



…and deep in space (and time!) 
•  ~40 % of ν’s above 

19.3 MeV are from 
z>0.5! 

S. Ando and K. Sato, New J.Phys.6:170,2004 



•  Test cosmological rate of SNe 

•  Probe history of star formation 
–  Short lived stars  SN rate traces star 

formation rate: RSF / RSN ~ const 



Best bound: anti-νe 
•  SuperKamiokande, 

E>19.3 MeV:  
    1.4 – 2.0 cm-2s-1 

(90% C.L.) 

SuperK coll., Malek et al., PRL 90, 2003 
C. L. and O.L.G. Peres, JCAP08(2008)033  
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Theory in 2008: anti-νe flux 

•  Single population: neutron star-forming 
collapses only! 
–  Differences due to different inputs/methods 

C.L., Astropart.Phys.26:190-201,2006  



Neutrinos from failed 
supernovae 

A new contribution to the 
diffuse flux 

C.L., arXiv:0901.0568, to appear in PRL 



The idea: collapse outcomes 

Outcome  Mass range (solar 
mass) 

% of total 

Explosion, neutron 
star (NS) 

8 - 25 78% 

Weak explosion, 
black hole by 
fallback 

25 - 40 13% 

no explosion, 
direct black hole 
(DBH) 

> 40 9% 

Failed supernova: only 
neutrinos emitted!! 

Woosley, Heger, Weaver, Rev. Mod. Phys. 74, 1015 (2002) 



Neutrinos as probes 
•  Neutrinos: a unique way to reveal and 

count failed supernovae? 



Successful vs failed SNe 
•  NS-forming collapse 

–   energetics: 

–  anti-νe survival  probability:  

Keil, Raffelt, Janka, Astrophys. J. 590, 971 (2003) 
S. Chakraborty, et al., JCAP 0809, 013 (2008) 



•  Direct BH-forming collapse: 
– Higher energies: 

•  For all flavors 
•  Due to rapid contraction of protoneutron 

star before BH formation 

–  Electron flavors especially luminous 
•  (electron and positron captures) 

–  Same interval of  

Liebendörfer et al., ApJS, 150, 263, K. Sumiyoshi et al., 
PRL97, 091101 (2006), T. Fischer et al., (2008), 0809.5129,    
K. Nakazato et al., PRD78, 083014 (2008) 



–  Progenitor: M=40 Msun, from Woosley & Weaver, 1995 
–  “stiffer” eq. of state (EoS)  more energetic neutrinos 

Shen et al. (S) EoS 

BH 

NS 

K. Nakazato et al.,  
PRD78, 083014 (2008) 



Lattimer-Swesty. (LS) EoS 



anti-νe survival probability 
(time averaged, constant in energy) 

A two population model: 
diffuse flux 

C.L., arXiv:0901.0568, to appear in PRL 
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Results  
•  Best case: S EOS, maximum 



Pure water: 

Water + Gd: 
(better bkg.reduction) 

Beacom & Vagins,  
PRL 93, 2004 
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Close to 
SK limit! 



Number of events in water 

Total 

NS 

BH 





Significance above background? 
•  Typical case: 100% excess due to BH in 

30-35 MeV bin 
– Water: buried by invisible muon bkg.  

•   not statistically significant in single bin 
•  Spectral fit might work 

– Water+Gd: invisible muons rejected 
•  12 Mt yr exposure needed for 3 sigma 

significance in single bin 

G. L. Fogli et al., JCAP 0504, 002 (2005) 



Summary: the diffuse flux 
from failed supernovae.. 

•  Unique way to count failed supernovae 

•  Might be substantial 
–  total flux approaches SuperK limit 

•  For typical parameters: 
–  Exceeds the NS contribution above 35 MeV 
–  visible at Mt detector with water+Gd 



backup 





Experimental status (new!) 

Species 
(experiment) 

Previous best (cm-2s-1) 
90%CL (direct limits only) 

New from SK (cm-2s-1) 
90% CL 

Anti-νe  
(SK coll.) 

1.2   (E/MeV>19.3) 1.4-2.0  (E/MeV>19.3) 

νe (SNO) 70,  (22.9<E/
MeV<36.9) 

42-54,  (22.9<E/
MeV<36.9) 

νµ+ντ (LSD) 3 107  
(E/MeV>20) 

(1.0-1.4) 103  
(E/MeV>19.3) 

Anti-νµ + 
anti-ντ 
(LSD)

3.3 107 

(E/MeV>20) 
(1.4-1.8) 103  
(E/MeV>19.3) 

C. L. and O.L.G. Peres, JCAP08(2008)033  



New SuperK limit (preliminary) 
T. Iida, Neutrino 2008 conference 
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“Luminosities afterward are 
dominated by the contributions 
from the accreted matter, 
which is heated up by the 
shock wave and further by 
compression onto the 
proto-neutron star surface. 
Since the accreted matter 
contains a lot of electrons and 
positrons, they annihilate with 
each other to create pairs of 
neutrino and anti-neutrino of 
all species. They are also 
captured by nucleons to 
produce electron-type 
neutrinos and antineutrinos. 
This latter processes are 
responsible for the dominance 
of nu-e and anti-nue as well as 
their similarity in the 
luminosity.” 

K. Sumiyoshi et al., PRL97, 091101 (2006)  
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Work in progress 
•  More on numbers of events  

–   significance over background 
•  Neutrino channel  

–  fluxes,  
–  number of events in Liquid Argon 

•  More detailed treatment of flavor 
conversion 


