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Supernova Neutrinos: SN 1987A

Kamiokande-II (Japan):

 Water Cherenkov (2,140 ton)

 Clock Uncertainty ± 1 min

Irvine-Michigan-Brookhaven (US):

 Water Cherenkov (6,800 ton)

 Clock Uncertainty ±50 ms

Baksan LST (Soviet Union):

 Liquid Scintillator (200 ton)

 Clock Uncertainty +2/-54 s

Mont Blanc: 5 events, 5 h earlier
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Supernova Neutrinos: SN 1987A
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Spectral anti-νe Temperature [MeV]

Jegerlehner, Neubig & Raffelt

astro-ph/9601111

Assumptions:

 Thermal

 Equipart.

Conclusions:

 Collapse

 Ave.Ener.

 Duration

Problems：

 24 events

 by chance
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(1) Water Cherenkov Detector 

Hyper Kamiokande (also SuperK or SuperK-Gd):  

1 Mt, mostly nu_e_bar, largest statistics

(2) Liquid Scintillator Detector 

JUNO (also RENO50 or LENA):  

20 kt, nu_e_bar dominates, different flavors, better 
energy resolution

(3) Liquid Argon Detector 

DUNE: 10-40 kt, nu_e dominates

(4) Ice Cherenkov Detector 

Icecube: No event-by event observation, time profile

Future Supernova Neutrino Detectors
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Neutrino-driven supernova explosion

Main-sequence star

Hydrogen 

Burning

Helium

Burning

Hydrogen

Burning

Helium-burning star

Degenerate iron core:
ρ  109 g cm-3

T      1010 K
MFe  1.5 Msun
RFe  8000 km

Grav. binding energy Eb3  1053 erg
99%    Neutrinos

1%    Kinetic energy of explosion
(1% of this into cosmic rays) 

0.01%  Photons, outshine host galaxy

Neutron star:
ρ = 3 1014 g cm-3

T ~ 30 MeV

From Raffelt
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Three phases of SN burst

Janka,   1211.1378

Shock breakout Cooling on neutrino
diffusion time scale

Shock stalls ~150 km
Neutrinos powered by

infalling matter
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The JUNO experiment

Jiangmen Underground Neutrino Observatory (JUNO), a multiple-
purpose neutrino experiment, approved in Feb. 2013, ~ 300 M$.

20 kton LS detector

3% energy resolution

700 m underground

Rich Physics Possibilities 
(1507.05613: Physics Case Study)

 Reactor Neutrinos
for neutrino mass hierarchy &
precision measurement

 Supernova Burst Neutrino

 Diffuse Supernova Neutrino 
Background

 Geoneutrinos

 Solar Neutrinos

 Atmospheric Neutrinos

 Proton Decays

 Exotic Searches
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Experimental site
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Principle for the MH measurement

How the interference happens?
Fourier transform to L/E spectrum:

L/E spectrumΔm2

spectrum(oscillation frequency) 

J. Learned et. al. hep-ex/0612022

L. Zhan et. al. 0807.3203
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Multi-channels of neutrino detection at JUNO

Detect  𝝂𝒆, 𝝂𝒆, 𝝂𝒙 from a galactic SN @ 10 kpc

 real-time measurement of three-phase ν signals
distinguish between different ν flavors
 reconstruct ν energies and luminosities
 almost background free due to time info.
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Impact of neutrino flavor conversions

w/ oscillation or with largest transition between 𝝂𝒆(  𝝂𝒆) and 𝝂𝒙

1507.05613
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Energy spectra 

• nu-p events are mostly 𝝂𝒙
flavors

• It is crucial to achieve a low 
energy threshold.

• e vs. p discrimination.

1507.05613
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Detection of SN Nu_e_bar at JUNO

Mostly 𝐈𝐧𝐯𝐞𝐫𝐬𝐞 𝐛𝐞𝐭𝐚 𝐝𝐞𝐜𝐚𝐲 𝐈𝐁𝐃  𝝂𝒆+ 𝐩⟶ 𝒏+ 𝒆+

Precision of 1%

Spectra

(1) 5000 IBD events, 
golden channel for SN 
neutrino observations

(2) Coincidence of prompt 
and delayed signals: least 
background

(3) good reconstruction of 
the neutrino energy Eν

Lu, YFL, Zhou, in preparation
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Detection of SN Nu_x at JUNO

(1) nu-p scattering (pES) events: quenched proton
(2) nu-12C NC events: 15.11 MeV γ
(3) nu-electron scattering (eES) events: recoiled electron

Precision of 5%

Lu, YFL, Zhou, in preparation

 2000 pES events

 Low threshold
(0.2 MeV)

 reconstruction of 
neutrino energy 
spectrum: high-
energy tail  
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Detection of SN Nu_e at JUNO

(1)nu-electron scattering (eES) events: recoiled electron
(2)nu-12C CC events: coincidence with decayed 12N
(3)nu-12C NC events: 15.11 MeV γ

Lu, YFL, Zhou, in preparation

Precision of 10%

 300 eES events 

 300 12C CC events

 IBD inefficiency
affects

 e v.s. p 
discrimination
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Neutrino mass scale with SN neutrinos 

SN1987A limits of neutrino mass scale: 5.8 eV@ 95C.L.

Beta decay experiments:

Current: 2.1 eV@ 95C.L., KATRIN: 0.2 @ 95C.L.

Cosmology probes: 

Total mass smaller than 0.23 @ 95C.L.

Double beta decay:

Depending on matrix elements and Majorana phases

It is desirable to have a sub-eV test with future SN 
neutrinos
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Principle: time of flight measurements 

Time delay:

Method:
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Statistical and Systematic uncertainties

Using a parametrized model from SN1987A observation.
(parametrized model from 0810.0466)

(1) In one trial, to study the model parameter effects.

(2) With 3000 simulations, to show the fluctuation.

Lu, Cao, YFL, Zhou,
1412.7418
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SN neutrino flux model effects

The numerical models are all from
http://asphwww.ph.noda.tus.ac.jp/snn/
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SN  Detection: present and future experiments

Super-Kamiokande (104)
Hyper-Kamiokande (105)

DUNE (3k)
MiniBooNe(200)

LVD (400)
Borexino (100)

IceCube (106)

Baksan
(100)

JUNO (104)

SN @10 kpc

Daya Bay (100)
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Let us hope for the next 
Galactic SN burst!

Thanks for your attention!
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Backup
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Physics Potential

Nominal assumption:

20 kton Liquid Scintillator

(LS) detector

3%/sqrt(E) energy resolution

52-53 km baselines

36 GW and 6 years

MH sensitivity for JUNO:

3 (Δχ2>10) with the spectral measurement

4 if including an external Δm2(atm) measurement

reactor core spreads; reactor flux uncertainty; energy scale uncertainty

Y.F Li et al, PRD 88, 013008 (2013)
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Diffuse Supernova Neutrino Background


