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Jiangmen Underground Neutrino Observatory

The JUNO project was approved by Chinese Academy of Sciences in Feb 2013, and
is planned to start data taking in 2020.
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e 700m underground
A Filling+ e 20 kt LS detector

* Energy resolution 3%/ E/MeV
e Multiple-purpose experiment
> Reactor neutrinos for mass

hierarchy and precise
measurement of neutrino
parameters

> Supernova neutrinos

~connecting > Solar neutrinos

Atmospheric neutrinos

> (Geo-neutrinos

> Other searches: sterile

Pillar: neutrinos, nucleon decay and

dark matter et al.
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Location of the JUNO experiment
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Core-collapse SN explosion

Grav. binding energy E,=3 X 10° erg

99% Neutrinos
1% Kinetic energy of explosion
(1% of this into cosmic rays)

Main-sequence star Helium-burning star 0.01% _Photons, outshine host galaxy

Helium Hydrogen
ing Burning

Proto-Neutron star:
PRP,,.=3%x10" gcm™

1. >8 Solar Masses Degenerate 1ron core: T ~ 30 MeV
2. Collapse—Bounce p =10 gcm™

3. Shock wave halted T =10"K

4. v energy deposited M, =1.5M__

5. Final SN explosion R, =8000km




Detection of SN neutrinos in JUNO

Detection of v,,v, and v, from a typical SN@ 10kpc

Channel Type Events for different (E,) values

12 MeV 14 MeV 16 MeV
v.+p—et+n CC 4.3 x 103 5.0 x 103 5.7 x 10°
v+p—v+p NC 0.6 x 10° 1.2 x 103 2.0 x 10°
v+e—v+e ES 3.6 x 10? 3.6 x 107 3.6 x 10?
v+ 12C — p+ 12C* NC 1.7 x 10% 3.2 x 102 5.2 x 102
v + 12C — e + N CC 0.5 x 102 0.9 x 102 1.6 x 102
.+ 12C — et + 2B CC 0.6 x 102 1.1 x 102 1.6 x 102

F.P. Anetal, J. Phys. G 43 (2016) 030401

Real-time measurement of three-phase(burst, accretion, cooling) v signals
Distinguish between different flavor v
Reconstruct v average energy and luminosity
Background almost free since a SN neutrino burst lasts only for about 10s.



Detection of SN neutrinos in JUNO
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Measured energy spectra of SN neutrinos in LS:

e IBD channel dominates at high energy range

* nu-p ES channel dominates at low energy range
 coincidence signals && single signals

* nu-e vs nu-p ES: Pulse Shape Discrimination(PSD)

1
visible energy E4[MeV]



The v, spectrum

_ 1 12 gy g
V,+ C2e'+ B

v+ C2»e+"N
» Coincidence with decayed “B or >N
* ~100 events

— +
v,+p=>e +n

e Prompt signal from annihilation of the
positron, delayed signal from the neutron
capture: Least background

e ~5000 events, golden channel for SN
neutrino observation

* Good reconstruction of energy

Neutrino fluence from SN @ 10kpc: w/o oscillation
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J.S Lu et al. Phys. Rev. D 94(2016)023006 7



The V. spectrum

v+e dv+e ~ eES L (1+n,a)1+’>*a( E

AT a2 (B T(1+1,) \(E,
e Recoiled electron

e PSD to separate nu-e vs nu-p ES

J.S Lu et al. Phys. Rev. D 94, 023006
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The Vv, spectrum

V+1zc—)\/+12c 2 NC
15.11 MeV Y
v+ Cav+-C BCNC

V+p—)\/+p """""""""

* Quenched proton
e ~2000 events, ~1500 events above
0.2MeV energy threshold
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Reconstruction of SN neutrino spectra in JUNO

Response matrix for nu-p ES . Unfolded spectra

Ax=b=>x=A"'b = g
2 0.07 270;
§> 0.06 SVD unfolding method in Fl:
0.5 RooUnfold to transform 8 50¢
0.04 measured energy spectra to §4OE
003 true spectra weighted by 230f
0.02 cross section. And it is {:; 20
e independent of SN neutrino = 1o
models. gk
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One trial result Betelgeuse
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SN v detection: present and future experiments

LVD (400)
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Diffuse Supernova Neutrino Background (DSNB)

Approx. 10 core collapse/sec in the visible
universe

Emitted v energy density

~extra galactic background light

~10% of CMB density

Detectable Vv, flux at earth ~10cm s
mostly from redshift z ~ 1

Confirm star-formation rate

Nu emission from average core collapse &
balck-hole formation

Pushing frontiers of neutrino astronomy to
cosmic distances

dN/dE_ [(22.5 kton) yr MeV]"

Beacom & Vagins,
PRL 93:171101,2004
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Diffuse Supernova Neutrino Background (DSNB)

Parametric DSNB flux spectrum:

................................................................. /1
dF-’:"e _ C meax dz RSN(Z) dNVe(EEfe)
dEy, Hy o \/Qm +2)P + dEpe\‘
‘Cosmological evolution  total number spectrum of v,

e (Observational window: 11MeV< E, <30MeV
e PSD techniques for NC atmospheric v
e Fast Neutrons: r < 16.8m (equiv. 17kt mass)

Syst. uncertainty BG 5% 20%

(Epe> Rate only  Spectral fit Rate only  Spectral fit
12 MeV 230 250 200 230
[15 MeV 350 370 320 330 |
18 MeV 460 48 ¢ 410 43¢0
21 MeV 550 580 49 o 51c

F.P. An et al, J. Phys. G 43 (2016) 030401[arXiv:1507.05613]
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/

—— Super-Kamiokande
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90% CL exclusion curves
(the upper-right regions)
if no detection for 10 yrs
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mean spectral energy <E(v,)> [MeV]
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Summary and outlook

e For a typical SN@ 10kpc, 10*neutrino events can be
registered in JUNO. The time evolution, energy spectra and
flavor contents of SN neutrinos can be established.

e LS, WC, LAr and other neutrino detectors are complementary.

Many interesting questions such as the early warning of
SNe(SNEWS), the SN location, SN nucleosynthesis, absolute
neutrino masses and the neutrino mass ordering can be revised
or addressed.

e JUNO with 20kt LS detector is also promising in the DSNB
detection.
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Thank you!
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Backup
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JUNO schedule

e 2013 Funding approved

e 2014 Collaboration officially formed

e 2014-2018 Civil construction

e 2016-2019 Detector component and PMT production

e 2018-2019 Detector assembly & installation

e 2020 Liquid scintillator filling
e 2020 Start of data taking
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Neutrino mass hierarchy measurement

Reactor v, survival probability:

B B oy 4 o A m§1 L Normal Inverted
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Data acquisition for SN neutrinos
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The shaded range has been obtained by considering a class of
SN models the Besel, Garching and Nakazato groups.
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Test hypothesis of energy equipartition

J.S Lu et al. Phys. Rev. D 94, 023006

0.0 0.0

tot
E

vV

o
« tot tot tot
E, +E; +E,

MSW matter effects in supernova are considered.
Neutrino energy ratios are constrained.

0.0
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Neutrino mass bound

Time delay of massive neutrinos:

J.S.Luetal., JCAP 15°,1412.7418

500
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At(mV,EV):5.14ms

Mean 0.8252
RMS 0.2441

3000 simulations
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Use likelihood to test the mass zero hypothesis to estimate the mass bound.
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