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Neutrinos: .

Intrinsic Properties of Massive Neutrinos: Portal to NP beyond the SM

B Neutrino mass ordering

. . B Origin of neutrino masses
Precision measurements - 9 New

_ . ..
B Leptonic CP violation/CP phases : “Dni'li?':?;:o;o?acv: ;i':ll:tli':)% Physics
B Majorana vs. Dirac neutrinos

. . Liquid Scintillator
Neutrinos as a Cosmic Messenger Water Cheren ki

B Core-collapse supernovae

B Origin of high-energy cosmic rays

B Gamma rays & gravitational waves

B CvB & Matter-antimatter asymmetry

/ A Liquid Argon

Multi-purpose Detectors




Core-Collapse Supernovae: the neutrino engine

Grav. binding energy Ey ~ 3 x 10°3 erg
99% Neutrinos
1% Kinetic energy of explosion
(1% of this into cosmic rays)
0.01% Photons, outshine host galaxy

Main-sequence star Helium-burning star © G. Raffelt

Reviews by
H.-Th. Janka,
Hydrogen Helium Hydrogen 1702.08825,
Burning Burning Burning 1702.08713

> 8 Solar Masses
Collapse—Bounce Degenerate iron core:

~ 109 -
Shock wave halted || P =10 109 cm=3
v energy deposited T =~10Y K

Final SN explosion Mre =~ 1.5 Mgy,
Rre = 8000 km

e

Proto-Neutron star:
P~ Ppryc = 3x101%g cm=3
T ~ 30 MeV

N




Supernova Neutrinos: flavors & spectra
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Time after core bounce [sec]
@ Collapse: v, productionviae  +p — v, +n
@ Neutronization v, burst:

®®

disintegration of heavy nuclei, capture on
free p’s, shock passing through v-sphere
Accretion: reduction of u, — neutrino pairs

Cooling: (anti)neutrinos of three flavors

Electron Flavor

Vep <> ne’
veNe&pe

Free
Streaming
Thermal Equilibrium

Raffelt, ApJ, 2001

AN
Neutrino Sphere

Other Flavors

vN & Ny vN< Ny

NN < NNvv -
ete” oW
veoev /(

4—h

Free
Streaming

Thermal Equilibrium Diffusion

VN
iy N

Energy Sphere (ES)

Transport Sphere

* Neutrinos are close to thermal equilibrium
- Different flavors decouple at different radii
« SN neutrino fluxes are time dependent

- Keil-Raffelt-Janka (2003): F(E) « E* e~ (a*DE/E



Detection of Supernova Neutrinos: SN 1987A

o NUM 9 50_1||||||||||||||||||||||l||||||u
Q 2 — — -
= 9 X RUN 1892 > 40 Kamiokande —
S 8of EVENT 139372 C = 3
3 70l TIME  2/23/87 — 30 —
£ 16.35.37 JST By = -
g €0] . & 20 ¢ * =]
2 50 : TOTAL ENERGY 19.8 MeV 2 = ¢ =
a = = 10 = é -
« 90 - . TOTAL P.E. 51(0) = =
o 45 MAX PE. 4(0) 0—1|111|11||1111111|111[111|111‘1—
L ~
o e I R e & THRES PE. 0.2(1.0) 50
_g 20 ;..‘:\J‘ﬂ:-"}';‘-‘-'ﬁ,..'*‘?:f".""*3"* ) - > ' _ SARANNRARNRERERRRN RN AR R RRRRE=
S 10. % > 40 + + IMB —
Z : % = =
% = S0N— —
o > E + <
& 20 + =
0 - =
S 10 =
/A O:'I'"|'"I"'l"'l"'l"'l"'l':
s KAMIOKANDE 2-P
'.‘r:.;“g 5O—I|IIIIIIIIIIIIIIIIIIIIIIIIIII|I~
\ \D) a S —
. 4 | o o > 40 Baksan —
oie o * - ‘ -'."» T a3 ° — -
RGOS E
- o | 1635'37 JST > = + =
| YL G ‘| i R0 ¢ . ¢ E
. . = < f TOTAL ENERGY 198MeV QC-:) E + 5
ke TOTAL PE 51(0) B L O =
b g . ',‘::c\ti “2) O:IIIIIIIIIIIIIIIIIlIIIIIIIIIIIII:
0O 2 4 6 8 10 12 14
Time after first event (s
Hirata et al., PRD 38 (1988) 448 [s]

SN 1987A: Hirata et al., PRL 58 (1987) 1490; Bionta et al., PRL 58 (1987) 1494, Alekseev et al., PLB 205 (1988) 209



Detection of Supernova Neutrinos: opportunities

Supernova-relevant neutrino interactions ¢ K. Scholberg

Super-Kamiokande

. Mozumi, Japan
Electrons Protons Nuclei 22.5 kton fid. volume (32 kton total)
Elastic scattering Inverse beta Ve+ (N,Z) 5 e~ +(N—-1,Z+1) ~5-10K events @ 10 kpc
decay _ (mostly anti-v,)
.+ (N, Z T4+ (N+1,Z-1 2o o
v4e —svte | Petp—et +n Vet (N, Z) = €7 +( ) _y == s ~5° pointing @ 10 kpc
P e : Future: SK-Gd
Chargt:d g y n
curren ve ....... W e+ rY f""/&\/"_} Hyper_Kamiokande
e' v ........ ,\, ....... u\ _
e LY v et- gﬁ;‘;ﬂfe . staged 2-module, 374-kton fid.
n -~ eiecta and water Cherenkov detector
djeexcitation I * 1 module: 40% PMT coverage
e Elastic v+ Ay + A* products w/double efficiency
scattering n
Neutral A p v éﬂ Ve t 208pp — 208Bj* + @ ¢ HALO
Vesee \ Relative 1n/2n rates
current \ ssesaas 0/' .Y 1n, 2n emission sharply dependent
v on neutrino energy
Useful very low energy e 208 208D * = spectral
o i Coherent v, + Pb — “FPbT + v, NC itivit
for pointing recoils v+ A—>v+ A g sensitivity
elastic (CEVNS) 1n, 2n, y emission
Channel o SUELE " “GK\EK’;{FS o SNO 3He counters + 79t Pb
ivermore” mode mode 1~ 40 events @ 10 kpC
Ve +10 Ar — e~ +10K* 2720 3350
7, 10 Ay — et {0 230 160 « Water-Cherenkov: SK, HK
Uy +em = vyt e 350 260 « LArTPC: ICARUS, DUNE
Total 3300 3770 « Scintillator: NOvA, JUNO




Current & Future Scintillator-based Detectors

LVD, 1 kt

MiniBooNE Detector

[ 1] Signal Region

Veto Region

Detector

foar . U AT\

Detector

NOVA, 15 kt

i

MiniBooNE, 0.7 kt

Baksan, 0.33 kt LENA, 50 kt JUNO, 20 kt



The JUNO Experiment
Yangjiang Taishan

Status Operational Planned Planned Under construction Under construction
Power 17.4 GW 17.4 GW 17.4 GW 17.4 GW 18.4 GW

3 P itejcandidat
Overburden ~ 700 f/f\ T s -esal?m', -
IR S Guang Zh,ou ;‘ ﬁ*w* S, e b e

oLh 10¢1N%

i ;i*." ‘v.:. ._. ':‘ - # 3 v
Kalplng, i3 5 _-:A SRR e J““ . % RN KT

Jiahgmen City;

‘Guangdong, Prownce""‘}; Huizhou

NPP

3 4 \ o.évhu ngsha n . |
~Zhu Hai @ 2eto nDaya Bay NPP

‘ ¥ Hong Kon o o o o o o o
;’ &@\ o g Kong Cores YI-Cl YI-C2 YJ-C3 YI-C4 YI-C5 YI-C6
i34 Jl\/lacau _—

Power (GW) 2.9 2.9 2.9 2.¢ 2.9
Baseline (km) 52.75 5284 5242 5251 5212

T 1 h NPP Cores TS-C1 TS-C2 TS-C3 TS-C4 DYB
o Power (GW) 46 46 46 46 174

,Ya-ngjiang NPP Baseline (km) 5276 52.63 5232 5220 215

"




Jiangmen Underground Neutrino Observatory

The JUNO Experiment

Top tracker

Acrylic sphere
d=354m

Steel support
structure

Water
Cherenkov 0

20 kiloton LS detector

3% energy resolution@ 1 MeV
700 m underground

18,000 20” +25,000 3” PMTs
53 km to the NPPs

Arbitrary units

30

10

_IIII|IIII|I|I||III\|l|l||||

Neutrino Physics
with JUNO, JPG, 16

I 11 | | I 1 1 1 1 I 1 1 | I 11 1| | 1 1 1 1 I 11 1 |

—— No oscillation
—— Normal hierarchy
—— Inverted hierarchy
L =53km  Prompt signal:

ete” — 2y

T

Vo.+p —on+et

lJ

Delayed capture on H;

6 7 8 9 10

2 3 4 5
Data taking in 2021; Mass hierarchy @ (3~4)o by 2026 " [Mevl
KamLAND Borexino JUNO
LS mass 1 kt 0.3 kt 20 kt
Energy Resolution 6%/VE 5%/VE 3%/VE
Light yield 250 p.e./MeV | 511 p.e./MeV | 1200 p.e./MeV




The JUNO Experiment: Progress and Status

Civil construction: reached 700 m © M. He, “Prospects of JUNO” at Kavli IPMU, 2019-4-11
underground, exp. hall to be started _
Central detector: production of Operation by the end of 2021

acrylic panels and stainless steel soas K
truss will start soon '

PMT system: receive 13,000 20-inch
PMTs and 12,000 3-inch PMTs

Veto system: top tracker delivered,
water Cherenkov design completed
Liquid scintillator: recipe optimized,
pilot plant test nearly complete i -
Electronics: all underwater, finalizing AR
design, mass production starts soon '

Sealing Top shield ‘J U N O 'TA O

glue HDPE, heat insulation layer

vertical

JF: AERTFAEZTERIS

| 185 5 HE K i

[ Lo 20 5

S#HE /K Jig i

Taishan Antineutrino
Observatory (1856 Ty 2Ry
® ~30 m to reactor
(2000 IBD/day)

® 1.5% energy

resolution@ 1 MeV
oo i ® SiPM 50% PDE

Gl HDPE , heat insulation layer Il" 1 *L }\ A 173

= 0 x| L7 o1
Ground . Gd_LS@ 50 C (f /1"“] fﬂ_’. I‘JJ)J l L

K % B % K 5 )

o5

|28 il HE K Jig it
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51

Luminosity [10

Average Energy [MeV]

SN Models & Neutrino Spectra

2 Burst
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SN Neutrino Event Rates

rrr | Y rrrrrrrt 14 MYy v rrrJrrrrrri

1.2 Garching Group
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IBD events in JUNO / ms
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Neutrino Physics
with JUNO, JPG, 16
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SN Neutrinos @ LS Detectors

Vo+tp-oet+n CcC V,
v+p-ov+p NC v,
v+e -ov+te CC+NC Vv,
Vo + “C—> et + B CC Ve
(14.39 MeV, 20 ms)

v, + #C—- e + N CC V,
(17.34 MeV, 11 ms)

v+ 2C->v+ NC v,

Natural abundance of 3Cis about 1.1%

Fukugita et a/, PLB, 90; Suzuki et a/, PRD, 12

v, + C-e" + B cC Ve
v, + PC-e + N CcC v,
v+ PC-ov+ B NC Vx

Event spectra @ JUNO KRJ-para. with
Lu, Li, Zhou, PRD, 16 (12, 14, 16) MeV

D

10

10*

« Elastic v-p scattering important

« Advantage of LS: low threshold

Beacom, Farr, Vogel, PRD, 02;
Dasgupta, Beacom, PRD, 11

2eNe, EP= 151 Mev

- BN,
i Bene,  EP=7.5MeV
[T Pl El=3.7 MeV

-th
wo. by e,

I I]_I




SN Neutrinos @ LS Detectors

Channel T Number of SN Neutrino Events at JUNO Detection channels v Flavors  Efficiency Backgrounds Systematics
‘’hanne ype
P No Oscillations Normal Ordering Inverted Ordering IBD 7 95% None Detection 207
e 0 0
Tetp—e +n CcC 4573 4775 5185 ) _
12c.cc 7. and v, 90% None Detection 2%
1578 1578 1578
. o
" 107 a4 278 Detection 2%
y ES
vtpvip v, 179 214 202 pES Ve, Ve and v, 99% eES Cross section  20%
v, 1292 1010 1008 kg 3%
314 316 316 eES U., Ve and v, 99% BN-CC+IBD+pES Detection 2%
. 157 159 158
vot+e—uv,+e ES : ‘ Detection 2%
7 61 61 62 BN-CC Ve 100% eES+IBD
fOa @ : 07
” 96 96 96 Cross section  20%
ve+12C = e + 2N CC 13 134 106 Detection 2%
- 2C.NC Te. ve and v, 100% eES+IBD
7.+ 12C 5 ot + 2B CC 26 08 196 Cross section  20%
352 352 352 . Detection 2%
- - - 1BC-NC Te, Ve and v,  100% eES+1BD
V, "08s secti %
b+ 120 5y 41200 NC Cross section  20%
7, 43 50 65 — .
 IBD for v, + sub-leading effects from 12C CC
v, 282 226 226
Vet HC 5 - + BN CC 19 2 2% - Elastic v-e scattering for v, + 12C CC
3/27(5/27 23(15 23(15 23(15 e .
20 ()) E)) E .« Elastic v-p scattering for v, + eES
v, 3(1 A(3 4(2)
v+8BC=sv4+8BC* NC . o
v 3(2) A(2) 4(3) H
: A global analysis of all reaction channels?

v 17(12) 15(10) 1510 Laha et al, 1412.8425; Lu et al, PRD, 2016




SN Neutrinos @ LS Detectors

107 2ccc ---- 10y eES+PNcC —— 107 ) ~ pES -
3 IBD —— : 12eES -------- L ' eES+ NCC —-—
s " ! ccc —-— ! ENC =
81 o 81 81 *CNC
c | AR I I |
gh'u . ol 5_'1» I :‘§'_‘>’< 4+ )
2> 4 I A 22 4 [ x
2 ! o 2 I 2 i ]
- Errors @ 90% C.L. ; _
| R R P S T Loy L 0 I S T S S S B S S S| , ]
O %5 1o 15 20 25 30 Y0 5 10 15 20 25 30 0 5 10 15 20 25 30
<E;> [MeV] <E,>MeV]  Laha et al,, 1412.8425; v [MeV]
54 | Lu et a/ PRD 2,’)16
. 3(5):2 %gg giggiggﬁi - 7 | 90% IBD efﬁcxency 3(5):?0 %gg c%"_ncg’ency - ]
S N 99% IBD eficiency 6.5 Spembeliceny == | 651 cemsnan, oA ey
5.2+ 6l ~3 6
RIS ¥ 55 ERLIN
l:;.\o 5t % o [ o N
RN > 5} 5 5p0©
S 491 %}'u 45 _ §m>"‘ 451
48+ 4 g 4 i
47t § :
1.4% | 35 357 4.6% ]
4.6 ‘ | ] : ]
613 35 14 14.5 15 3L S 35155 16 165 17
<E; > [MeV] 10 105 11 115 12 125 13 135 14 7 e -

<E, > [MeV]



Test of Energy Equipartition Hypothesis

Including only the Mikheyev-Smirnov-Wolfenstein (MSW) matter effects

Lu, Li, Zhou, PRD, 2016

1.0

Normal
Ordering

_________________

————————————————————————————————

0.0

0.0
1.0
Inverted éc
iy e c
Ordering 05 3G

RVX
0.6

0.8
10
0.2 0.0




Total Gravitational Binding Energy

Including only the MSW effects in the SN, and fixing the spectral indices at a =3

Lu, Li, Zhou, PRD, 2016; Gallo Rosso, Vissani, Volpe JCAP, 2017
257\' T ———— T ] 257 T T
R / ] ! '
; \. ' Normal / | [ | ‘, Inverted ,
20 't 1| Ordering / 201 || \ Ordering |
| \ \ . i | ' ]
L (.05 x 107 erg / | - (3.05083) x 107 erg |
I5¢ / ] 150 1 |
e [ ,/‘ R : \ ’
| o ]
10} / 1 10} i
; /14% @ 1o C.L.; ; J
_ . _ _ P
5t /'/ all i St 7 all _
- W/OPES"" ] 7 w/opES----
i / w/o eES+HN CC s 7 wlo eES+1 N CC 1
O’ S /W/opES eES+"NCC — - — 1 O * =~ w/o pES, eES+ NCC —
4 5 6 4 5
E°' [10° erg]

—
E'' [10™ erg]
Conservatively assuming an uncertainty of 20% for the v-p cross section (low as a few%)

* Possible to relax the constraint on the spectral index (important for <E>, but not for E,_,)



Unfolding of SN Neutrino Spectra

Dasgupta, Beacom, PRD, 11

[—
<&

True spectrum
(E, ) =19 MeV
MB, (E, ) =18 MeV

= 5% more
X

Reconstruction

@LENA

Fluence dF,, /dE [10°cm™ MeV™]
O —~ N W AR NN 0 O

<
W

Residual

Neutrino Energy E [MeV]

Li2, Wang, Wen, Zhou, PRD, 18

« Reconstruct all SN spectra in

a single LS detector (JUNO)

 Full consideration of detector
response (e.g., E resolution)
« SVD w. proper regularizations

x10'?

20 25 30 35 40 45 50 55 60
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——Ve -
;F. —— ]
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o
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Unfolding of SN Neutrino Spectra

Dasqgupta, Beacom, PRD, 11

o o
+~ )

dn,,/dE, [MeV™']
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X 1|(|)31 | I
: 1 3
B —True i E
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- }{ SVD ] 2
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§ - o
:_ | n
. N PO’(E,-) AE]
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Li2, Wang, Wen, Zhou, PRD, 18
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Combined JUNO with HK and DUNE

Capozzi, Dasgupta, Mirizzi, PRD, 2018 Diagnosing the neutrino flavor equilibration
Matter (NO)
1 (s r,T <1
:_7 B 1-P.. )
~ 0 . FpES . 44+x+12 . T —
oW | TR T Rara-By) TR F<Landrsl
C_de T 6 r ST
= I ?
i F Ao+ R
- > 5 LpES Lrrx _ A+7F _
a (6) R_FIBD _Peeff+(1—13€e)_<mw<<l’ and 7 51
Illll 1 ||.|||||I [ ] ||||||§1 \6 :ES:E,S].
1 E]Il‘l T LI Tll]ll T T
o C .y Scenario  Mass Ordering P P,
3 I
L\Lm » ME NO 0 cos? 019 ~ 0.7
o> 10 E 'CJ-n
L : o ME 10 sin2f12 ~0.3 0
I : i
¢ i g FE either 1/3 ~ 0.33 1/3 ~ 0.33
10°°E o
Tl il

10% 10" 1 Possible to discriminate between the scenarios of
X = Fg /Fg X = F9 /F9 matter effect (ME-NO) and flavor equilibration

e



Quenching effects on the proton recoil energy

Quenched Kinetic Energy [MeV]

Elastic v-p Scattering in LS Detectors

Beacom, Farr, Vogel, PRD, 02; Dasgupta, Beacom, PRD, 11; Lu, Li, Zhou, PRD, 16; Li et al., PRD, 18

5

electron -

Kinetic Energy [MeV]

T, < 2 E2/m

Total Number of Events

p

3000

2500 f

1000 |

500 |

2000 |

1500 |

« Elastic v-p scattering important
« Advantage of LS: low threshold

0.2 04 0.6 0.8 |
Threshold of Visible Energy [MeV]



Borexino & JUNO: Radioactivity Backgrounds

A wonderful experience with Borexino osoof T T TTTTTTTITTTITITTS
Specification | Achieved after filling After additional =3 = - Nfeutrlno PhySICS -
Isotope for LS (2007 - 2010) purification g 2000 :_ with JUNO, JPG, 16 —:
238 <1016 g/g | (53+0.5)-1018 g/g < 0.810° g/g N - Fake events from dark noise
MTh | <10Mg/g | (3.8+0.8)108 g/g <1.2:108 g/g S 1500 - removed by rejecting events—
1“cn2C <1018 (2.69 £0.06)-10°1% g/g unchanged L [ in the center -
40K <1018 g/g <04-1018 g/g unchanged @ 1000 :_ _:
8Kr | <1cpd/100t | (30+5)cpd/100t <5 cpd/100 t 2 .
WAr | <1cpd/100t << ¥Kr << SKr % 500 e
210pg not specified ~(70) 1 dpd/100 t unchanged B 0:. T T T T :
210B; not specified (20) 70 dpd/100 t (20 £5) cpd/100 t ; 0 500 1000 1500 2000 2500
totalPE
Signals and Background for Reactor Neutrinos @JUNO Background > 0.2 MeV for SN @ 10 kpc
Selection IBD efficiency | IBD | Geo-vs | Accidental | °Li/*He | Fastn | (a,n)
- - 83 1.5 | ~57x10*| 84 - -
Fiducial volume | 91.8% 76 | 14 77 | 01 | 005 IBD (10s) 0.01 0.0002
Energy cut 97.8% 410
Time cut 99.1% 73 1.3 71
Vertex cut 98.7% 1.1 (per day) ePS (10s) 10 70
Muon veto 83% 60 1.1 0.9 1.6
Combined 73% 60 3.8 Beta decays of 14C dominate < 0.2 MeV




JUNO: SN Neutrino Trigger

Request for the DAQ @ JUNO

A slide from L.J. Wen ( JUNO Collaboration)

L T I ] | L
N 100F Betelgeuse Data size of single channel
T 1000§--_--,-g--§-
10 : 1 = 2GB RAM seems sufficient to
100 : - 4
— I M 1 1 |10 handle an SN within 1 kpc.
L | H =
= N 10 F IRLdI E R | Foro.5kpes 0
Y i I ] 2 For 0.5 kpc SN, it seems OK
= 1 E— 4 |2 10? { to handle the burst and
- : .
N - 000 . 0.1 0.2 03] |2 o accretion phases.
— 001l E 1 |3 |
'%é I — oo | Possibilities for discussion:
D] | S 1. apply a pre-scaleif we find
[l 0001 - =10 : the memory s filled very
— : = o I —— : ———— S B ... limitation of 2GB RAM (IF3) quickly
0 16 C Mirizzi 2006, <d>=10.6 kpc—' 1072 T e PMT DN (30 kHz, auto-trigger, 100ik) 2. Reduce to 500 Msps in the
> ) [ ] . ? — —  gigabit cthernet SN mode
= A —=+ Ahlers 2009, <d>=10.9 kpc 107 i » 3. Divide the UWB/PMTs into
E 0 12 . 10 10 10 time (sl)o several groups (still
< [ — Adams 2013, <d>=9.7 kpc uniformly distributed), and
% 008 Total data size versus time for different SN distances Sw'tfh one to anther to
b . h continuously record SN
[a® (energy threshold 0.1 MeV, Garching model, 25 solar mass) events
% 004 With discussions with Jun, Guofu, W. Wej, etc. 13
0  Trigger for SN neutrinos / Joining SNEWS
. . 5 10 15 20 2 . . .
Neutrino Physics « Studies being carried out to store all the
with JUNO, JPG, 16 d [kpc] low-energy signals (even below 0.2 MeV)



DSNB @ JUNO

GADZOOKS!

Beacom & Vagins,
PRL 93:171101,2003
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DSNB @ Gd-SK
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A 11 32 Average Energy
B 15 10 Both Variables
C 25 3.5 Integrated Luminosity
D 15 5 Lowered Sensitivity
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—— DSNB: <E,>=15MeV
Neutrino Physics —— sum of backgrounds
with JUNO, JPG, 16 ——reactor v,
CC atmospheric v,
—— NC atmospheric v
—— fast neutrons

— Super-Kamiokande
—— JUNO

N

90% CL exclusion curves
(the upper-right regions)
if no detection for 10 yrs

rate in 17kt [per MeVx10yrs]
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antineutrino energy [MeV] <E(V.)> [MeV]
. . Item Rate (no PSD) PSD efficiency Rate (PSD)
Detailed calculations of atm. NC background =5~ B = 120V E = =500 -
. . (Ez,) = 15MeV 23 12
® Atm. neutrino fluxes at the JUNO site (E. ) = 18 MeV 33 16
(in collaboration with Honda) (Ej,) = 21 MeV 39 19
. . . ) - . . — N0
® Simulations with GENIE/NuWro for v-C Background - reactor 7 03 sy = 50% 0.13
. . . . atm. CC 1.3 g, =50% 0.7
interactions and TALYS for de-excitation atm. NC 6 - 102 exe = 1.1% 6.9
. fast neutrons 11 erN = 1.3% 0.14
J. Cheng et al., work in progress ) 7.1




Summary & Outlook
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« JUNO will provide a unique opportunity to detect SN v, neutrinos via pES, important for a

lot of physics studies (independent of flavor conversions, total energy release, etc.)

« Give the priority to DSNB, a guaranteed source of SN neutrinos. We have the SK with Gd

doping, and JUNO (available within 2 years) also has a very good chance.

Syst. uncertainty BG 5% 20 %
(En.) rate only spectral fit | rate only spectral fit
12 MeV 2.30 250 200
15 MeV 3.50 3.70 320
18 MeV 4.6 o 480 410
21 MeV H.bo Hh.8a 490

® Observation window: 11 MeV < £, < 30 MeV
® PSD techniques for NC atmospheric v
® Fast neutrons: r < 16.8 m (equiv. 17 kt mass)

0)xL(V) [(10™*Mpc yr)x(0.5x10%erg)]

Rq\(z

—— Super-Kamiokande
—— JUNO

90% CL exclusion curves
(the upper-right regions)
if no detection for 10 yrs

15 16 17 18 19 20 21
<E(V,)> [MeV]

« Fine with detectors, which take SN neutrino detection as a second physics goal. For JUNO,

neutrino mass ordering fixed within 6 yrs, precision measurements <1% within 3yrs. Then,

what we should do with JUNO? (Neutrinoless double-beta decays)

- Dark matter detectors probe SN neutrinos! (Lang et al., PRD, 2016 ) Tﬁdn@ !



