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DSNB

Diffuse Supernova Neutrino Background is the flux of

neutrinos and antineutrinos from SN bursts, which
occurred through the Universe history.

The DSNB flux could be represented as:
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Supernova core-collapse

Collapse v burst Kelvin—Helmholtz cooling
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3) Matter accretion and matter cooling;
Time after onset of collapse [sec]

4) Cooling of progenitor star;
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Why DSNB neutrinos are

important?

0(E) [10™/MeV ]

SN 1987A was detected by
Baksan, Kamiokande Il (Kam-II)
and Irvine-Michigan-Brookhaven
(IMB) detectors;

It is expected that SN spectrum is
thermal, but neutrino spectrum

was different from thermal
distribution;

Possible explanations:

neutrino-mixing among
various flavours:

neutrino decay:;
neutrino-neutrino interactions;
new physics;




CC SNR (10-* yr-! Mpc-3)

Why DSNB neutrinos are
important?

SFR(Star formation rate function)
describes the fractional growth rate
of stellar mass in galaxy.
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Why do we search for supernova bursts?

Supernovae bursts is an independent way to
determine the star formation history of the
Universe and metallicity production rate inside
stars.

Why do we research DSNB?

SN core-collapse is a very rare event in our

Galaxy: 1-3 Supernovae per century! (Last
supernova was in 1987)




KamLAND v,

« Liquid scintillator detector

« 2700 m.w.e.

« Target mass is 1 kton

« Backgrounds:

1) random coincidence;

2) antineutrinos from reactors;
3) cosmogenics isotopes;

4) atmospheric neutrinos;
Ve +p—€" 4+ n.

Upper limit for diffuse supernova

electron antineutrino flux:

139 cm-=2-s-1 90%C.L.
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e Backgrounds:

1) Solar®B neutrinos; 7

2) Atmospheric neutrinos;

Upper limit for DSNB electron
neutrino flux in 22.9 MeV < E
< 36.9 MeV energy range:

70 cm=2s190%C.L.

» Model-independet upper limit for
electron antineutrinos from
unknown sources:

2°10%cm=s14 MeV < E < 8 MeV
3.4°10%cm=s1E > 14.8 MeV
90%C.L.

heavy water Cherenkov detector;

6010 m.w.e.

target mass is 1 kton;




Borexino v, L.

Ve +p—e" 4+ n.

Borexino Experiment

External water tank 18m ¢
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e Liquid scintillator detector;
e 3800 m.w.e.

e Target mass is 280 ton;

in 1.8 MeV < E < 17.8 energy range




Super-Kamiokande v,

_ ) * Inverse beta-decay
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‘j‘ « Backgrounds:
f *jfh ; a 1) Atmospheric neutrinos;
i ‘]1 :d: . | m.:m ~ 2) Solar neutrinos;
E L m,, H;;:L 3) Muon induced spallation
VNS |2 T products;

» Upper limit: 2.9 cm=s™
90%C.L.

« Water Cherenkov detector
. 2700 mw.e.  for E >17.3 MeV;
 Fiducial volume 22.5 kton



Summary of upper limits for electron
antineutrino fluxes for different detectors
Model independent upper limits
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— Muon Tracker
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. L|qU|d scmtlllator detector;
e Target mass is 20 kton;

20 kton pure water

« Backgrounds:

1) geo and reactor
antineutrinos;

2) Cosmogenic isotopes;

3) Atmospheric neutrinos CC
and NC interactions;

4) Fast neutrons;

« Upper limit for DSNB electron

flux normalization [$,]
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antineutrinos flux:

0.2 cm=2s* 90%C.L.
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mean spectral energy <E(v )= [MeV]



Conclusion

« DSNB neutrinos are guaranteed sources of information about cosmic
core-collapse rate and neutrino emission from supernova.

« DSNB neutinos have not been detected yet, only upper limits were set
on the flux in energy range from 1.8 MeV to 40 MeV. The best current
limit on DSNB electron antineutrino flux (2.9 cm-2s-1) was set by Super-
Kamiokande.

« |t is expected that future detectors like JUNO will be able to detect
DSNB signal or improve upper limits on DSNB neutrino fluxes during
next 10 years.



Backup slides
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L, is total luminosity of

bounce;
E,is energy of neutrinos;

E
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, is average energy of

neutrinos predicted by some

model;

a_ is numerical parameter

obtained from SN spectrum Fit;

There are MC simulations by

dN/dE

sveral groups:
Mass | (E,.) {(E.) (E,.)
Model [Mg] | [MeV] [MeV] [MeV] | 8o, B
LL [46] 20 120 154 216 |38 1.8
TBP [47] | 11 10.0 114 141 |37 2.2
15 10.0 11.4 14.1 3.7 22
20 10.0 11.9 14.4 36 22
KRJ [48] | — 130 154 157 |42 25
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CC SNR (10-* yr-! Mpc-?)

Supernova rate

age of universe (Gyr)
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SN rate represents the function
dependent of redshift z and
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proportional to Star Formation Rate

(SFR):
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1.4 parameters;

Also, we adopt that stars are
distributed in the Universe according

(14238 z<1
Rey= Ry 107y Mpe™{ (142)70% 1 <2< 45
(1+2)78,2>45

to the Salpeter initial mass function:
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