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Abstract: Supernovae release more than 99% of their energy in the form of neutrinos, so neutrino measurements are 
the most direct tool to study them. However, present detectors detect bursts from an individual supernova only if it 
happens in our own galaxy, a fairly rare event. The alternative is the detection of the constant neutrino flux due to su-
pernovae anywhere which measures the typical neutrino emission characteristics folded with the rate of core-collapse 
supernovae. A search for this important signal is presented.  
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1 Core Collapse Supernovae 
 
Massive stars end their life as a supernova, an explosion 
typically brighter than the host galaxy of the star. Several 
types of supernovae have been identified; core collapse 
supernovae happen when the iron core of a sufficiently 
massive dying star (which cannot produce energy via 
nuclear fusion) acquires enough mass to collapse gravita-
tionally and force neutronization of protons and electrons 
into neutrons and neutrinos. If the collapse is halted by 
the Fermi pressure of the neutrons, a neutron star results, 
and more than 99% of the binding energy is released in 
form of neutrinos. The observation of these supernova 
neutrinos is the unique and only chance to peek into the 
inside of the dying star. Unfortunately, the small neutrino 
cross section and present detector masses allow detection 
of these “neutrino bursts” only if the supernova happens 
in our own galaxy. An alternative is the continuous mea-
surement of the sum of all core collapse supernovae 
throughout the universe: a diffuse, isotropic flux of neu-
trinos. The energy of this signal is somewhat lessened 
due to red shift. The flux is also quite low because of the 
large average distance. 

2 Obsevation in Super-Kamiokande 
 
Super-Kamiokande [1] is a ~50,000 ton water Cherenkov 
detector optically divided into an inner ~32,000 ton de-
tector viewed by ~11,100 20” photomultiplier tubes and 
an outer veto region viewed by ~1,800 8” photomultip-
lier tubes located 2,700m water equivalent underground. 

The signal event rate is dominated by inverse � decay of 
electron-type anti-neutrinos. Radioactive decays of cos-
mic muon-induced nuclear spallation products define the 
lower energy bound of sensitivity: the lifetime of these 
products can be many seconds, so not all can be tagged 
by their preceding muons.  The upper energy bound is 
due to atmospheric neutrino background. In particular, 
charged-current interactions of atmospheric muon neutri-
nos can produce muons near or below Cherenkov thre-
shold. Those muons remain invisible and their decay 
electrons are a serious background. Other backgrounds 
are electronic noise, outside radioactivity (e.g. PMT glass) 
and solar neutrinos. 

3 Calculation of Positron Spectrum 
 
The positron spectrum seen by a terrestrial detector de-
pends on the average neutrino emission spectrum, the 
history of core-collapse supernova, their red-shifts and 
the inverse�� cross section. Even though the supernova 
neutrino emission spectrum has a rich structure (i.e. due 
to neutrino – neutrino interactions), the resulting terre-
strial positron spectrum is likely to be somewhat insensi-
tive to it since it is an average of many supernovae at 
different red shifts. Horiuchi, Beacom and Dwek [2] 
provided a method using an effective two-parameter 
description of the neutrino emission spectrum which is 
able to match most calculations. The spectrum is as-
sumed to be Fermi-Dirac and the parameters are the 
neutrino temperature and neutrino luminosity. Figure 1 
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shows the resulting positron spectra for an anti-electron 
neutrino luminosity of 6x1052 erg. 

 
Figure 1. Positron Spectra Resulting from a Fermi-Dirac 
Effective Eupernova Neutrino Emission Spectrum. The 
anti-electron neutrino luminosity is 6x1052 erg. 

4 Comparison to a Previous Search  
 
In 2003, Super-Kamiokande published an upper flux 
limit of 1.2/cm2/s [3] above 19.3 MeV of neutrino energy 
(18 MeV total positron energy) based on 1496 days of 
data collected during the first phase of the experiment 
(1996-2001). For this search, we greatly increased the 
efficiency of the analysis, updated the cross section, 
considered (and removed when possible) additional 
background sources, improved the statistical analysis and 
almost doubled the exposure to 2853 days of livetime, 
794 days of which (the second phase of the experiment; 
2002-2005) were accumulated with reduced inner detec-
tor photo-cathode coverage (~5,200 20” photomultiplier 
tubes). The reduced coverage is due to an accident de-
stroying ~60% of the inner detector photomultiplier tubes.  
The third phase (2006-2008) of the experiment has the 
same coverage as the first phase. 
 
In particular, the tagging of spallation products from 
preceding muons was improved. Previously, a likelihood 
was formed based on the time difference between muon 
and candidate, the distance of closest approach, and the 
“residual charge” (difference between the observed light 
yield of the muon and the expected light yield of a mini-
mum ionizing track of the observed length). We now 
reconstruct the dE/dx of these tracks based on the meas-
ured times of arrival of Cherenkov photons at the photo-
multiplier tubes. The peak of the dE/dx profiles of spalla-
tion-causing muons correlates with the position of the 
spallation product. Also, an improved muon fitter catego-
rizes muons into (i) through-going single muons, (ii) 
stopping muons, (iii) short-track muons (“corner clip-
pers”), and (iv) muon bundles. The likelihood is tuned 
for each category. As a consequence, the signal efficien-
cy of the spallation cut was improved from 73% to about 
90%. The spallation removal efficiency was also im-
proved: after a tighter cut on the likelihood there is no 
evidence of remaining spallation between 16 MeV and 
18 MeV of positron energy. Figure 1 contrasts the corre-
lation of spallation data perpendicular to (top panel) and 

along the muon track (bottom panel) with the expected 
random coincidence (a sample formed from subsequent 
rather than preceding �’s). Table 1 lists the efficiencies. 
 

 
Figure 2. The top (bottom) panel shows the distance of 
closest approach Ltrans (longitudinal distance Llong) of 
spallation products to preceding muon tracks in compari-
son to random coincidence. 
 
Solar neutrinos at 16 MeV form a much larger back-
ground than at 18 MeV. Solar neutrino events are due to 
elastic electron-neutrino scattering, a very forward-
peaked process. The removal critically depends on the 
angular resolution of the recoil electron which is domi-
nated by multiple Coulomb scattering. Reconstructing 
the amount of multiple Coulomb scattering event-by-
event we tuned the position of a cut placed on the angle 
between reconstructed recoil electron and solar direction 
by minimizing the expected signal over the square root of 
the expected background as a function of energy and the 
reconstructed amount of multiple Coulomb scattering. 
The solar cut efficiencies are given in Table 1. 
 
Compared to the previously published analysis, several 
additional cuts remove (atmospheric neutrino) back-
ground: candidates with preceding gammas (“pre-
activity”) or following events (“post-activity”) are re-
moved with greater efficiency, charged pions in the sam-
ple are identified and rejected by the “sharpness” of their 
Cherenkov cones, and candidates with correlated outer 
detector activity are removed (in addition to the normal 
outer detector veto of events). 
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Cut SK-I/III SK-II 

Electronic 
Noise 

99% 99% 

Spallation  
(Low Energy) 

81.8%        
(16-18 MeV) 

76.2%      
(17.5-20 MeV) 

Spallation 
(High Energy) 

90.8%      
(18-24 MeV) 

89.2%         
(20-26 MeV) 

Solar��’s (Low 
Energy) 

73.8%      
(16-17 MeV) 

74%         
(17.5-18 MeV) 

Solar��’s  (Mid 
Energy) 

82.1%      
(17-18 MeV) 

82%            
(18-19MeV) 

Solar��’s (High 
Energy) 

87.8%      
(18-19 MeV) 

88%            
(19-20MeV) 

Solar��’s 
(Highest E) 

93%         
(19-20 MeV) 

93%            
(20-21MeV) 

�’s from at-
mospheric��’s 

98% 97% 

Cherenkov 
angle 

95% / 94% 88% 

Incoming 
Event 

98% 98% 

Combined 
efficiency 

78.5%/76.7% 69.2% 

 
Table 1. Cut Efficiencies of the analysis. 
 
The published result is based on binned �2 test to the 
energy spectrum of the candidate sample after all cuts 
were applied. Now we perform an unbinned maximum 
likelihood fit to three samples: in addition to the signal 
sample we also fit to a sample which has a large recon-
structed Cherenkov angle and to another sample which 
has a small reconstructed Cherenkov angle. The signal 
sample contains also decay electrons from atmospheric 
muon-neutrino charged-current interactions producing 
invisible muons, atmospheric electron-neutrino charged-
current interactions, and atmospheric neutrino neutral-
current interactions. To constrain the amount of atmos-
pheric neutral-current background, the large angle sam-
ple was added since these interactions often produce 
several gammas leading to fairly isotropic events. That 
large angle sample also contains some charged pions and 
muons from atmospheric neutrino interactions. Many of 
these however reconstruct at small Cherenkov angles as 
well, so a fit to all three samples disentangles all three 
kinds of backgrounds. 

5 Results 
 
Figure 2 (3) shows the data with ~11,100 (~5,200) inner 
detector photomultiplier tubes. Supernova neutrinos 
would appear in the central panel which shows events 
with reconstructed Cherenkov cone angles between 38 
and 50 degrees. The decay electrons from invisible 
muons and electrons/positrons from atmospheric �e’s will 
of course also appear in the central panel. Atmospheric 
neutral-current background mostly reconstruct as isotrop-
ic events (right panel; angle above 78 degrees) and below 
~20MeV in the central panel. Remaining pions and 
muons from atmospheric neutrinos show up in the left 
panel (angle between 20 and 38 degrees) or above 
~40MeV in the right panel.  
 

 
                                                                                    MeV 
       C-Angle20-38o   C-Angle 38-50o   C-Angle78-90o  
 
Figure 2. Fit to SK-I and SK-III Data. The top line shows 
all backgrounds combined. In the low angle region, all 
background is due to charged pion and muon production 
from atmospheric neutrinos. The high angle region is 
dominated by atmospheric neutrino neutral current inte-
ractions with a small pion/muon component. The central 
region is dominated by invisible muon production from 
atmospheric neutrinos. Above ~60 MeV, atmospheric 
electron-neutrinos dominate. Below 18MeV, neutral 
current interactions start to become important. The cen-
tral plot also shows the best fit relic contribution. 
 

 
                                                                                    MeV 
       C-Angle20-38o   C-Angle 38-50o   C-Angle78-90o  
Figure 3. Same as Figure 1 but for SK-II Data. 

SK-I/III data 
ν μ  CC 

ν e CC 
NC elastic 
μ /π > C. thr. 
all background 
SN neutrinos 

SK-II data 
ν μ  CC 

ν e CC 
NC elastic 
μ /π > C. thr. 
all background 
SN neutrinos 
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The data in both Figure 2 and Figure 3 is well described 
by just atmospheric neutrino background, so no signifi-
cant excess due to supernova neutrinos was found. The 
likelihood of the fit is used to place a 90% upper limit on 
the supernova neutrino flux. To obtain this limit, the 
likelihood was marginalized over all background rate 
parameters to obtain the likelihood as a function of only 
the supernova event rate. The 90% limit is defined as the 
rate below which 90% of the area underneath that like-
lihood is contained. Typical likelihoods of the first, 
second, and third phase of the experiment as well as the 
combined likelihood is shown in Figure 4. In this case, 
the 90% C.L. limit is about <5events/year for positron 
energies above 16 MeV which corresponds to a flux of 
about 2.7/cm2/s above 17.3 MeV. Figure 5 shows the 
90% C.L. event rate limit as a function of temperature 
(dashed line) and the 90% C.L. excluded area of event 
rate versus neutrino temperature. Table 2 lists the typical 
supernova anti-electron neutrino luminosity limit for 
each temperature assuming a Fermi-Dirac emission spec-
trum. 

 
Figure 4. Example of Likelihood (T=6MeV) as a Func-
tion of Supernova � Event Rate. The intersection with the 
dotted horizontal line illustrates the 1��range of the fit. 
The right (left) dotted vertical line shows the 90% C.L. 
upper limit (best fit) of the supernova event rate.  
 
 

 
Figure 5. 90% C.L. Excluded Area of Supernova Event 
rate Versus Neutrino Temperature. The dashed line gives 
the event rate limit given a particular neutrino tempera-
ture. 
  
T [MeV] 3 3.5 4 4.5 5.0 5.5 

L [1053 erg] 9.0 4.8 2.9 2.1 1.5 1.3 

T [MeV] 6.0 6.5 7.0 7.5 8.0  

L [1053 erg] 1.1 0.92 0.82 0.75 0.70  

 
Table 2. 90% C.L. Upper Luminosity Limit for a Given 
Anti-electron Neutrino Temperature T. 

6 Conclusion 
 
We have largely improved the diffuse distant supernova 
neutrino search, reduced the lower energy threshold, and 
doubled the exposure. There is no evidence of a signal. 
We present a new upper 90% C.L. limit of about 
2.7/cm2/s above 17.3 MeV neutrino energy. 
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