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PHYSICAL

REVIEW VOLUME 55

Energy Production in Stars*

H. A. BETHE
Cornell University, Ithaca, New York

(Received September 7, 1938)

It is shown that the most important source of energy in
ordinary stars is the reactions of carbon and nitrogen with
protons. These reactions form a cycle in which the original
nucleus is reproduced, wviz, C®+H=N3, NB3=CB4 ",
(:15_!_]_[ = NH’ NUéLH= 015’ QU =N5L £+, NB4+H= Cu2
-+He#, Thus carbon and nitrogen merely serve as catalysts
for the combination of four protons (and two electrons)
into an e-particle (§7).

The carbon-nitrogen reactions are unique in their
cyclical character (§8). For all nuclei lighter than carbon,
reaction with protons will lead to the emission of an
a-particle so that the original nucleus is permanently
destroyed. For all nuclei heavier than fluorine, only
radiative capture of the protons occurs, also destroying the
original nucleus, Oxygen and fluorine reactions mostly lead
back to nitrogen. Besides, these heavier nuclei react much
more slowly than C and N and are therefore unimportant
for the energy production,.

The agreement of the carbon-nitrogen reactions with
observational data (§7, 9) is excellent. In order to give the
correct energy evolution in the sun, the central tempera-
ture of the sun would have to be 18.5 million degrees while

integration of the Eddington equations gives 19. For the
brilliant star Y Cygni the corresponding figures are 30
and 32. This good agreement holds for all bright stars of
the main sequence, but, of course, not for giants.

For fainter stars, with lower central temperatures, the
reaction H4H =D+ ¢" and the reactions following it, are
believed to be mainly responsible for the energy produc-
tion. (§10)

It is shown further (§5-6) that no elements heavier than
Het can be built up in ordinary stars. This is due to the fact,
mentioned above, that all elements up to boron are disin-
tegrated by proton bombardment (a-emission!) rather than
built up (by radiative capture). The instability of Be?®
reduces the formation of heavier elements still further.
The production of neutrons in stars is likewise negligible.
The heavier elements found in stars must therefore
have existed already when the star was formed.

Finally, the suggested mechanism of energy production
is used to draw conclusions about astrophysical problems,
such as the mass-luminosity relation (§10), the stability
against temperature changes (§11), and stellar evolution

(§12).
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VoLuME 12, NUMBER 11

PHYSICAL REVIEW LETTERS

16 MarcH 1964

SOLAR NEUTRINOS. I. THEORETICAL*

John N. Bahcall
California Institute of Technology, Pasadena, California
{Received 6 January 1964)

The principal energy source for main-sequence
stars like the sun is believed to be the fusion, in
the deep interior of the star, of four protons to
form an alpha particle.! The fusion reactions
are thought to be initiated by the sequence *H(p,
e*v)®H(p, y)°He and terminated by the following
sequences: (i) *He(*He, 2p)*He; (ii) *He(a,y)'Be-
(e"v)'Li(p, a)*He; and (iii) *He(a,y)"Be(p, y)*B-
(e*v)*Be*(a)*He. No direct evidence for the
existence of nuclear reactions in the interiors of
stars has yet been obtained because the mean
iree path for photons emitted in the center of a

star is typically less than 107'° of the radius of
the star. Only neutrinos, with their extremely
small interaction cross sections, can enable us

to see into the interior of a star and thus verify

directly the hypothesis of nuclear energy genera-
tion in stars.

The most promising method?® for detecting solar
neutrinos is based upon the endothermic reaction
(Q=-0.81 MeV) "Cllvgy)aps €™ )7Ar, which was
first discussed as a possible means of detecting
neutrinos by Pontecorvo® and Alvarez.* In this
note, we predict the number of absorptions of

26
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VoLUME 20, NUMBER 21 PHYSICAL REVIEW LETTERS 20 May 1968

SEARCH FOR NEUTRINOS FROM THE SUN*

Raymond Davis, Jr., Don 8. Harmer,T and Kenneth C. Hoffman
Brookhaven National Laboratory, Upton, New York 11973
(Received 16 April 1968)

A search was made for solar neutrinos with a detector based upon the reaction C137(v,
e )Ar®’. The upper limit of the product of the neutrino flux and the cross sections for
all sources of neutrinos was 3x 1073 sec™! per CI*" atom. It was concluded specifical~
ly that the flux of neutrinos from B? decay in the sun was equal to or less than 2x 106

cm ™2 sec ! at the earth, and that less than 9% of the sun’s energy is produced by the
carbon-nitrogen cycle.

PRESENT STATUS OF THE THEORETICAL PREDICTIONS
FOR THE 3%%C1 SOLAR-NEUTRINO EXPERIMENT*

John N. Bahcallf and Neta A. Bahcallf
California Institute of Technology, Pasadena, California

and

Giora Shaviv§

Cornell University, Ithaca, New York
(Received 8 April 1968)

The theoretical predictions for the %1C1 solar-neutrino experiment are summarized
and compared with the experimental results of Davis, Harmer, and Hoffman. Three
important conclusions about the sun are shown to follow.
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x 10?7

2.43 (1.27

+ + 0.1913:98)

0.367015 x 108

+0.015 +0.39+0.03
0.220Zgp1¢ 5-68Z031 0,03

x 108

6.7 104

+1.2 |08
6758

5.98(1 + 0.006)
x 10!0

493 (14 0.06)
x 107

|.44 (1+ 0.009)
x 108

5.46 (1+0.12)
x |08

4.89(110.0.16)
x 108

il

(HZ-LZ)/HZ.

Dependence
6.03(1+0.005) -0.8%
x 1010 1P
4.50(1+0.06) 8.9%
x 10° 17 L
|.46 (1+ 0.009) -1.4%
% IOB 'F|.4
4.50(14+0.12) 17.6%
x |08 T2
3.51(120.15) 27.9%
x 108 TV
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High-ZFAlow-Z puzzle

— SSM B16-GS98
— SSM B16-AGSS0%9met

« Borexino&favor high-Zag{i[a] .
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s Super-K
= SNO
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B FHXIBS solars B F BN =

 METHEME: 3.5MeV
© RETER KRR A
— Upturn is favored at 1.2 ¢ . Jointly with SNO data, at 2.1 o.

£ 12000 T T T T T T T T T T T T T T
S T SKIV (2970 days) 3.48-19.49 MeV
10000 — —
|:>: : _'_ Obsertled data 1 - 0.55 T | LI LI T T T T T T T T T T T T T T T T T T
pooo. T Bestfit i E - T
N Background i 8 B ]
6000 — H 8 r n
/1 2050~ —
4000:— M_,,/ { a K .' - = i
iy bt e 4 0 L _
2000 1 =2 - i
* - zoss {4} .l. * .
P IR N I I B T W W R P E "'H*ili*. t+i 1 | I
-1 -08-06-04-02 0 02040608 1 - ++ +.H-+ + i
cosbg,,, - .
¢ OO, 40 — g
s] F 7 — - L
Sl r " [SKIV (2970 days) 102
L - 3.49-19.49 MeV . :
stof 2 035 |=+ Energy-unccr.. Sys. 0.1
B ] C == Total uncertainty ] T
BOE Sk (2970 days) E L | =) Energy-cor. Sys. i g
1500 ;_ 349-399 MEV _; 0 BG_I | 1 1 1 | 1 1 1 | 1 1 1 | 11 1 | 1 1 1 | 11 1 | 1 1 | 11 1 ] 0'0 : I : : : : : I I I I I
bt Observed data E : 4 6 8 10 12 14 16 18 3 4 5 6 7 8 9 10 11 12 13.14 15
. Best-fit ] Recoil electron kinetic energy [MeV] E, inMeV
R Background 3

A P P PP PP P PP TP P
“1 08 06 04 02 0 02 04 06 08 1
cos B,
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— PR T IR A 69 B
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— S B 3% 6 FL
— 300 R

AP = —0.0286 + 0.0085 (stat.) + 0.0032 (syst.).

a? cfl T | T T T T

o Recoil electron kinetic energy [MeV] - E
—_— 5 T T - - - 4 v - T - - T i - . - T - — - - E_ _E
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3.1 ;LI JR{RIF L0

®_JUNO
." ‘\
! \
! \ Taishan NPP
/) ~52.5km -
. . 2X4.6 GW,,
Yangjiang NPP ™ .o TAO
6X2.9GW,, ~.° T

8 reactors
26.6 GW,,

Vertical &

tunnl: 56 m

R 25 20245 Ji IR 578 Jl 22 2
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AL RN AR =

Calibration room WP cover

______ Water pool (WP)

' 35 kton pure water
2,400 20” veto PMTs on
CD surface

Top tracker (TT)

| —— Earth magnetic shielding coil

.
SRR Tyvek cover CD and WP

Central detector (CD) I A %?‘
SS latticed shell , ———

Acrylic sphere

PMT

~18,000 20" PMTs +
~25,600 3” PMTs:
coverage >75%

Pool depth:l44m

Liquid scintillator (LS)
20 kton

——— Support structure

/.

700 m underground
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3.1 ;LI JHRRIFSCa6

L PHFEEARZEE, SZXEARHR, ABNEFEZSFHKEREMR,
Bl E Enature X EFEH I NN, _FHRIE,

ARR >> ESHE

@_/\.ﬂ:ﬁ]

people.cn

s 10 FE: P 2023F0sF16H10:07

SIRHFSRS AT RETITER, BaRHR R EARRIBIAREEER, UNETHTREING. BRNETHTRE
SUHTBAZER, FHTRUSIHFTARA.

BIFEX RIEAE (RHRBZERE)

ARRSRE B C

AR ARBR

IARIN R F RIS,
SRR

BB

RIS EAR—"1RE, REMRTIEEESANMEET, MMimfiX st
OEES AT RIS 700K FOL P EFIRE, N TSERZAMEMKEIRIIZT
WHLERMERE AR/, .. R TEERT &, ORI,
PERGRHREE, TR FRIREY BimizsEsa,

a B www.nature.com X
i S
nature ek

Content v About v Publish v

Login

China’s giant underground
neutrino lab prepares to
probe cosmic mysteries

Due to come online this year, the JUNO facility will
help to determine which type of neutrino has the
highest mass — one of the biggest mysteries in
physics.
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LI SRR RV R IR 53

Supernova

Atmospheric

-

APoec” :
Cosmicmuons™
~ 250k/day

N
o~

0.004 Hz/m?
207 GeV

10% multiple-muon

¥ 136 GW, 53 km

reactor

Geo-neutrinos

J. Phys. G 43 (2016) no.3, 030401
Part. Nucl. Phys. 123 (2022), 103927

52



TR RFEEEG (JUNO)

N

20 kt RAR P HRAR
2> 4547 & Borexino #9704&, 4t = Ko
> 3%/VE 6 5% , ¥F FBorexino (5%), #EiER]E
F Ak
° Ab =2 ]&Jﬁ
o A 2)02MeV i £ F 1K
o IFF K F X FE R ZSuperK
o RARKIHEAK
* A 3| Borexino#1Hf /K-F
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L}

10
10"

1
10 pp[£0.6%]
7Be[|t7%]

SFII-GS98 + eeCNO
Solar Neutrino Spectra (+10)

[
: pep[+1.2%]

Flux [em®s™ (100 kev')]
-o‘ﬂ

.% 1l 1 1 1

1.0 2.0 5.0 10.0 20.0
Neutrino Energy in MeV PDG2020




INERR PR TS I AN IR

W SR3R A AR, SN ENo cut

i 102 E-

T ST ;. -1
EHNEE  <1ppt Ref: NIMA1004 (2021) = TEo 5 [JR<16m

165377 S R - 15m
NEERMZE <1 ppb Same supplier with Daya Bay “l4m
PMTIEIE ~200 ppb Ref: NIMA 898 (2018) 67-71
EBahisk Radon < 0.1 Ref: RDTM (2018) 2:48

Bg/ms3

L 10~30 ppm 4mE, 5mm HDPERSES o B

Ellel‘é}f [MeV]
m o F 4 sh AR A L4
Vg fteamma: P FAEEE . PMTIE S Faom ALB 38 LG43 7~
3
V558 Ak <0.001 cpd with R < 16.5 m

W 4K b K AR 8k
v AT RAE LT 0 BHE F AR R B SN IR K (FV cut) A
Rk 2t K K Ko
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A TP 7R TR

- T v
1;}104 ;"104
. C1b .
= 3 — =
10 B Ar L 10°F
. 85 '
FICE Ke Bi-Po/TI  §1V)
- 10; reductiqn 2 10
z E 5 B
107 10"k
10* S 107 52
6 0
|

Energy [MeV

N SR AT KK,

1. A& =S4 S F AR E AT 32 5] 44 4
AATIE ;

2. BIEIFE S, ARIERAT M T A A,
AR T U RBE S, AT
VAJE AR AR, o

Energy [MeV]

2381 J- 10-17 g/é
232Th: 1017 g/g

40K: 1018 g/g
210ph: 1024 g/g
14C: 1017 g/g
39Ar/8Kr: 1 uBg/ms3
210p@: 2600 cpd/kt
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Muon #9 i& 3% ~0.004Hz/m?;
¥ & ~207GeV

Muon

Muon multi.

ratio

90%

7.35%

1.7%

0.6%

0.23%

OO | [WIN]|EF

0.06%
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F B %5 AR RS G 21144
Z Fmuon ratefe F 4] F#HITIRE

MC Yield(day) | Data Extra.(/day)

B12 916.8 2282.0
Li8 627.9 649.0
C10 707.2 877.7
He6 455.7 2185.6
B3 30.1 446.8
Li9 58.8 117.0
Bell 8.0 58.5

C9 17.8 159.6

N16 0.48 ===
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mu bundle

Frkin-situ T = FAERALE P~ _5
. FEFmuonfRiEAg oA, fER |
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\ \\
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> - v-eES > 10° |
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'u a—

= 10 = — Mtrack+TFC 7 1
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< ) <
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S oL LT T St
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2

i
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10°
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X FHpp P 3R

pp PR T 4R AL KAt —AF f TR
— SSM (K a5 /)
* Uncertainty of prediction: ~0.6%
« M FiEE: ~10% (Borexino)
o B EFMM: <0.1%, Borexino+ 7 E 4k 0.5%
— PR PR TR A2 R RG
pp P F M L 69 £ PRIk
B K e RN BAE ;
— RJR A 3= Fo R AK
« MC AIRApp T T A X 693 AR
— fe = AAKAE X 69 %) B
— RARIEENEE
— BRE, Fh) KR ferk v

JUNO at 4C 10-%8 g/g

counts/day/kt/MeV

l L L [l i 1 LI ] I L [} { L Ll | | | ]
0 0.1 02 03 04 05 06 07 08 09 1
Te[MeV]
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PPAA14C A KBS Hl)

AIRIEH > TR HFE5)14C pile-up
pp-v: single cluster
vVot+e -ov,+e”
14C pileup event: more than one cluster
MC->UN+v,+e
Multiple *C events in the same time

window

I N

pp-v Single 14C plle up Two 4C pile-up
‘edep=0.09MeV, edepPos(4.68.4.36.6.17Im edep=0.04MeV, edepPos-14.92,-1.83.5.21]m
1000 edep=0.08MeV, edepPos(10,12,11.42,2.60)m,

edep=0.10MeV, edepPos(-9.67.10.08,0.31)m
u t
i 1 i -
I . o [
) ll s : ol
| I V) e 18 I o0
I A [
. m & / -
A = £ 7
< o, =7 7 s
T~ ‘ot 7P
o / 0 T g
~ ~
s
s 5593192])11\
8-7.
211
[ 1
» 1 1 w0
‘& b
e
L 2= 7
Ximy ‘\ =07 4 :




pp--Hl&8 = Sl 2k

o 45 899 Zk

AT B 4B R

PID input

Single 14C pile-up

Preliminary

Two 14C pile-up

HeTime

15

N R -

pp
Single “C
Double #C
Triple “C

Four 4C

raw S/B
(107 [g/g] )

1: 104063

1:3454.5

1:57.3

1: 0.63

After trigger

46%

22%

32%

44%

53%

After PID

8.28%
(46% % 18%)

0.022%
(22%x0.1%)

0.032%
(32%x0.1%)

0.0308%
(44%x0.07%)
~0%
(53%%0%)

S/B
(1017 [g/g])

1:276.5
1:13.35

1:021
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Be7, pep, CNOH f{FHIIFR M

JEO R X 45 /2 (ROI): 0.45-1.6 MeV

a

p.e

800 1000 1200 1400 1600 1800 2000 2200 2400
107k ' —— IBD radiopurity’ ~ —'Be v
——— Baseline radiopurity E'SEP v
108 |deal radiopurity = NV
——— BX-like radiopurity — “O-v
g 10°
a
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c . T ——
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L
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o

1 I L1l I ) | | L 1 I - I L 1 I Ll | I Ll L I L_L 1 I I Ll 1
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FHEIIABMIERE

"Be, pep, CNO F & F 45 #78E X
_ 1IC (:=29min), 1°C (:=27.8s), *He (x=1.165)

A LAk X £ & KK
NCH iRk, 1R d i & Fmuon &

T kg IR

RATECH ik, ¥2IE 5 s TFC-
subtracted#2 TFC-tagged, fEfitter ¥ [F]
ARG EDEES

.e.

Events/p

p-e
800 1000 1200 1400 1600 1800 2000 2200 2400

TFC-subtracted

107

P .
</ 2

—_ —
L
JI TTTITH T TTIT HHIHI‘ T

2

" —_ IBD radiopurity’ ~"Belv
Baseline radiopurity PEP v
Ideal radiopurity BN-v
BX-like radiopurity — "°O-v

sy
o

—-—-‘-/

=

TR T . W
05 06 0.7 08 09 1

11 12 13 14 15
Energy [MeV]

Events / p.e.

Isotope Rscaling exp. R (R) (R)ror
[cpd/kton| [epd/kton| | [cpd/kton] | |cpd/kton]
¢ %::ffgﬁigg iggg i ;gi 1916 4+ 157 | 1761 + 144
100 I;?Lx - 261'.21121'.28 4316fl5 i 155_'73 371453 | 0.254+0.04
SHe 1;}3;::1;1. 414‘25 2221341_9 27.84+4.8 | 12.7+2.19
TFC-tagged

pe
800 1000 1200 1400 1600 1800 2000 2200 2400

m

" —' IBD radiopurity’ ~'Belv
—— Baseline radiopurity PEP v
Ideal radiopurity N -v
BX-like radiopurity — "°O-v

S

| PRI ST A SN R AN BRI SR P TR B
05 06 07 08 09 1 11 12 13 14 15
Energy [MeV]
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Be-v rate relative uncertainty [%)]

7
-

Be, pep, CNORR{HFifsERBE

Radiopurity scenario

JCAP 10 (2023) 022 — BX-like — Ideal — Baseline —IBD BX result
Exposure [kton y] Exposure [kton y]
q . 2.0 . 4.0 : GP ; BP ; 1?0_ 10— 2|° . 4{0 ‘ 5? ‘ 3? ‘ 1?0 i Exposure [kton y] Exposure [kt y]

20 40 60 80 100 40 60 80 100

—_
2
mn
o

— T T T T T T T T T ]
No pep-v constraint

—_
</
T O

With pep-v constraint

pep-v rate relative uncertainty [%]

-
o
T
1
-
o

CNO-v rate relative uncertainty [%]
CNO-v rate relative uncertainty [%]

Time [y] 0 2 4 6 8 10 0 2 4 6 8 10

CNO
Tpep ) & A pepyI R
Borexino 2.7% 17% +30%,-12%
6F I 0.25%-0.5% 4%0-7% 20%-40% 15%-18%
105 %% 0.2%-0.35% 3%-5% 16%0-30% 12%-16%

A% JE 70 B *F 2 Baseline-ideal scenatios, 447 KAv N & LLi% £
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"BeF1CNO-VHH X 43

="

* Be7¥ % F =2 g-mode

— TRAT RN AZ,

- E R DEELRM, AR EE KK
 CNO P #F

— PP TR PL L] 2 R AL

— K828 F B AL

(Z/X)s 0.0229 0.0188 0.0188 0.0188(12)
A(Li) 2.44 2.60 0.82 1.05(10)
pp/1010 5.96 (0.5%) 5.99 (0.5%) 5.98 (0.5%) 5.97 (0.5%)
pep/108 1.45 (0.9%) 1.46 (0.9%) 1.47 (0.9%) 1.45 (0.9%)
Be/10° 4.91 (6%) 4.70 (6%) 4.84 (6%) 4.80 (5%)
8B/10° 5.35 (12%) 4.89 (12%) 5.13 (12%) 5.16 (2%)
CNO/108 5.15 (12) 3.87 (15%) 3.88 (15%) 6.6 (5.7-8.6)
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Very Low
10

Minimum detectable ADN [%]

'Be il F43E

H R RSARME (RGP R R
BL)
— ZAFHG 4 O with 0.95%

=N
<

-

—
I

precision by Borexino

Background scenario
Low —Medium —High

dashed: stat. subtr.
solid: LS

==

* g-modes

— Current best: 10% by SNO B8
(Astrophys. J. 710 (2010) 540)

Background scenario

Very Low Low --«- Medium -». High
< 3F
S
g 2-5%-"-"' Aanana L T Mencnsnanannans Weaana . L
2 & oy
< 2F
Qo
0
8 1.5
[&]
L
3 1= U W
g _*...* ..... Ammmmns TLLLLLL i megpmmnnn Av=rssssmssssnnannnnns, Al
E 0.5 .
é O_I llll Il L \\\JII‘ I\JJL‘ L L IIIIII||
10 107 10° 10
Modulation period [h]
10 y data
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B8-v

« ANEIRIRNIE

No. 20kt - 10y Threshold [MeV] Signal "B hep
1 ES v+e—v+tell] 0 kinetic e~ Jebh 639
2 | e ve +2C ="+ N(17; gnd) [14] 16.827 kinetic e~ 0 041
3 Q ve +'7C — e+ N(1 7 gnd) [15] 2.2 kinetic e~ + N decay|| 3768 14.3
4 v+ C v+ (17 15.1MeV) [14] 15.1 v 0.25 4.9
5 [d\;eg@g‘ e+ n+2 027 4.44MeV) [16] 6 n capture + 7y 671 1.2
6 NG Ll 0 S v " O3 3.080MeV) 15 3.080 Y 144 0.07
7 ‘ v+ C = v+ C(37;3.685MeV) [15] 3.685 5 3165 13.5
8 v+ C v+ C(37;3.854MeV) [15] 3.854 5 2.89  0.02
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BAPHPIFES RMiE

* FFAFIE: BT

~ "B v-e ES
hep v-e ES U [1"BALiHe
[[JReactor V-e ES []7°Th E='°C.!Be

. 10
Visible Energy [MeV]

AmZi= 4.8 x 107 ¢V2, and Amji= 7.5 x 1075 ¢V2

epd/kt FV |SBsignalefl. | 2B SLi  1°C  SHe UBe | P5U 22Th | p-e BS | Total bkg, | -on 1€ at

AmsT  Amyg

2, 3) MeV | 70Kkt ~51% 0.005 0.006 0.141 0.084 0.002 | 0.050 0.050 | 0.049 0.30 032 0.0

3,5 MeV | 122 Kt ~11% 0.013 0.018 0.014 0008 0005] 0 0012 | 0.016 0.00 042 0.30

(5, 16) MeV | 16.2 kt ~53% 0.065 0.085 0 0 0023 0 0 | 0.002 0.17 061 0.0
Syst. error 1% <1% 3% 10% 3% 10% 1% 1% 2%




* fZ 5 4FAE:
AT 5
— %455

7S

B PHAR R FCCiE -

1_
v, +13C-e +13 NG )

A
¥, T3] At

. %
: PNRZ (', 1=

363 s)

Expected events in 10 yrs after cuts

10

—— v, 5CCC

Accidental from v-e ES

Muon-induced isotopes

" I L 1 Fiians i~ PR [N T T T I T T 1
& 0 6 8 10 12 14 16 18
= 3| [ Visible Energy [MeV
o AL F ) Bk S £y [MeV]
Background for CC channel
Cuts CC signal efficiency | CC signal | Solar ES | Muon-induced isotopes
Accidental | Accidental | Correlated
- - - 3929 - - -
Time cut AT < 900 s 65% 2554 1010 1013 1012
5 MeV < E, <14 MeV 79%
Energy cut r 1836 107 1010 10?
mergy ot 1 MeV < E; < 2 MeV 91% s 0 : :
Fiducial volume Cut R < 16.5 m [30] 81% 1487 107 107 10%
Vertex cut Ad < 047 m 87% 1293 328 10° 108
Muon veto Muon and TFC veto [30] 50% 647 164 53 58
Combined - 17% 647 275




SNO+(#E13C_ERICC K )

Repurposing the Sudbury Neutrino Observatory (SNO) detector
2 km underground Prom pt e’ energy = E(Ve) — 2.2 MeV

~70 muons/day

i ! AP 8B solar neutrino
Rope system | SR .. ' | q =E
Hold-up and -down ) 5 ; g energy = (Ve)
Low Radioactivity: ; < . T e 3¢ @
~ t —

: e N / 14 Delayed e+
Acrylic Vessel (AV) B\ % @ annihilation

=2 il 0

Purification plant T = 862.6 S \ y [1.01,2.20] MEV

12 m diameter

Target Material

1. Water: 905 tonnes 130
2. LAB Scintillator: 780 tonnes
3. Tellurium loading: +3.9 tonnes

Ultra-Pure
Water

— T T T T T
Background (Data-Driven) ]
*B v. CC on “C (MC) 7
e Data(43)

Counts
[ | [#0s] el

Ln 3
TITTTITT

EXPECTED BOX LIKELIHOOD AF
BACKGROUND ﬁ

Predetermined Likelihood Cut

p-value: 1%

SIGNAL

-5 0 5
Likelihood Ratio Discriminant
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3.2 Hyper-Kamiokande
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