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Dependenc o @ DIFF.
eonT SSM-/HZ SSM-/LZ (HZ-LZ)HZ
- pp (101° cm-2 s-1) T-09 5.98(1+0.006) | 6.03(1+0.005) -0.8%
E pep (108 cm2 s-1) T14 1.44(1£0.01) | 1.46(1+0.009) -1.4%
(&)
-
o Be (10° cm2 s1) T 4.94(1+0.06) 4.50(1+0.06) (
8B (105 cm2 s-1) T24 5.46(1+0.12) 4.50(1+0.12)
[
T>a_ 13N (108 cm2 s1) T18 2.78(1+0.15) 2.04(1+0.14) 26.6%
(&)
g 150 (108 cm2 s1) T20 2.05(140.17) 1.44(1+0.16) MM
7x 108
T : 1 = AnSolar + KamLAND
715 . s = ® Borexino + KamLAND
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Neutrino oscillation (MSW-LMA)

O #5908
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VVacuum dominated
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JUNO collaboration, Chin. Phys. C 46, 123001 (2022)

Central Value PDG2020

100 days

6 years 20 years

AmZ, (107 eV?) 2.5283 +0.034 (1.3%) +0.021 (0.8%) +0.0047 (0.2%) +0.0029 (0.1%)
A’”%l (xm-ﬁ eV3) 753 +0.18 (2.4%) +0.074 (1.0%) +0.024 (0.3%) +0.017 (0.2%)
sin® 012 0.307 +0.013 (4.2%) +0.0058 (1.9%) +0.0016 (0.5%) +0.0010 (0.3%)
sin2 613 0.0218 +0.0007 (3.2%) +0.010 (47.9%) +0.0026 (12.1%) £0.0016 (7.3%)
= N [T = /] N
JUNOT] BE—#RNzE, ANEPRETR

» Upturn:
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AN PR THIRES

= e ) o -5 IR RE
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~ 700 m underground

Top tracker

Veto PMT

CD PMT

Liquid scintillator in
acrylic spherical vessel

Stainless steel
structure
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Pp-V 9 j\(BEI %E’ 012 Borexino  Nature 562, 505-510 (2018)

B KPH99% B BE &= 3K BT ppEE

> A PHSSMFR = RHE R ~0.6% ]
> MEAHEE: ~10% (Borexino) § h
>ERE AEESRS R

W pp PR B AX
>REEMftL (FRE)
YN

» 14C pile-up
>sub MeVE’J =% E

10% Fr e _:“ 214

 Trigger, PID and #2800 iy 0BT

| wil s ai
0 01 02 03 04 05 If}f:- n? 08 09 1
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trigger efficiency for pp
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S C vertex fitting (onlyVFL) I
< o051 =z

5 - true vertex (MC-based) 5
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£ o4l Z
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S .l o
o 02— ~ 0
8 22% 8
(= B —

1 I 11 1 11 A | 111
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trigger threshold [nPMT]

B ORJEIES] > IT

* pp-v: single cluster
* Vote —-v,+e

 19C pileup event: more than one cluster

« WCo>UN+v. +e

pp-vV HIBIARME

B, itk > FRALMUMEE

REEESR

=

VAR

=7

trigger efficiency for SingleC14

Trigger

ES: 1240 cpd/kt w=mmp 10 cpd/kt (0.08-0.25MeV)
Bkg cut

(B®7: onlyVFL, 130 nPMTsfith% i{&)

0.6

03 vertex fitting (onlyVFL)
- true vertex (MC-based)
0.25
02
- : 14
o15f- Single “*C
0.4 ~2.5%
0.05
C L

0.5

0.4

Trigger Efficiency [ngger/Nrmal]

0.3

0.2

0.1

1 1 | 1
120 140 160 180

trigger threshold [nPMT]

|14C plle-up &
After trigger
TMVA
(BDTG)
After PID  VGG16-1D
VGG16-2D

* Multiple “C events in the same time window

trigger efficiency for DoubleC14
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vertex fitting(onlyVFL)
true vertex(MC-based)

Double ¥C
~8%

22%
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1 L 1 J 1
140 160 180
trigger threshold [nPMT]

8%
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(8%x0.1%)
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(8%%0.1%)

0.008%
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10-17 g/g

'x@d- Sig efficiency | Bkg efficiency | S/B (107 [g/g] )
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1/12.56
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/Pq.ﬁ. Ny,
HRE X o IR 1E

B Be7-v 2 g-mode
> T PR ABEFRRARERN g- =X ka (/) N
N =28 E ) | @ >

> BX . KFEWZ, BHICNO FiFflux

B CNO > AM&EEEER
ST  asos T swooNe | A | thesun

pp/1020 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%)
7Be/109 4.91 (6%) 4.70 (6%) 4.84 (6%) 4.80 (5%)
8B/106 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)

© Hrg[a):CNO R E KT IUN 1



Be7, pep, CNO-v Tl HArate

LZ-SSM HZ-SSMXf = 38 Rl AV s FUM AN FEJUNO e [z rate

Solar v "Be pep CNO
P [10%cm=2s71] | 49.3(1+0.06) 1.44(1 + 0.009) 4.88(1+0.11)
HZ-
SSM R [cpd/kton] 489 =+ 29 28.0 + 0.4 50.3 + 8.0
RROT [epd/kton] | 142.5 + 8.3 17.1 + 0.2 16.6 & 2.6
® (108 em=2s71| | 45.0(1+0.06) 1.46(1 £ 0.009) 3.51(1 £ 0.10)
SLSZM R [cpd/kton] 447 + 26 28.4 + 0.4 36.0 £ 5.3
RRO [epd/kton] | 130.0 £ 7.5 17.3 + 0.2 11.9 4+ 1.8
B;;rs(iiirslo ®[10%cm~2s71] | 49.9 + l.lfgzg i??;igllg%??;% ((Il-é)) 6.6 fg:g
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JUNOZRJER T

B ORAPREIRAE M BEFEAMRES T E T AR R

p.e.

Radio- 210
purity 40K 85Kr | 232Th-chain | 2*®U-chain 21‘?1;/ 210pg 800 1000 1200 1400 1600 1800 2000 2200 2400
e 107 ' — IBD radiopurity' —'Belv
cl8] [1x10716 | - 1x 10715 1%x10°1% | 5x102 | - Baseline radiopurity — ?ep v
Bh » 106 ——— |deal radiopurity —15N-v
R[] 2289 5000 3508 15047 12031 | 12211 BX-like radiopurity — "°O-v
clf] |1x107'7| - 1x 10716 1x1071% | 5x 10724 -
Baseline
R[S 229 500 351 1505 1203 1221
cl8 |1x10718 - 1x 1077 1x10717 | 1x10~%
Ideal &
R[E 23 100 35 150 241 244
c[g] - - <5.7x1071° | <9.4 x 10720 -
Borexino
i R [29 4.2 100 1.4 2 115 446.9
NOTE: Contribution from pileup and reactor neutrinos found negligible in the ROI = | IS EERTEEN TR, SN PRI St S SRR SrRRr SR S P R
05 06 07 08 09 1 11 12 13 14 15
Energy [MeV]
10X Borexino Phase-! Borexino Phase- 11t
BD contamination contamination
melninuem, requirement ’ Borexino Phase-1 ) "
Baseline contamination BA-LLRL

for NMH measurement



JUNOMLMIBe, pep, CNOH TR R 8%

—_ BX-like __Ideal — Baseline —IBD e BX result CNO

Be-v rate relative uncertainty [%]

Exposure [kton y]

Exposure [kton Y] Exposure [kton y] Exposure [kt y]

0 20 40 60 80 100 20 40 60 8 100 0 20 40 60 80 100 20 40 60 80 100
T T T T ] F ] | - LA L ] L] ENLA E_—
With pep-v constraint I

2

&

I T 1 T I T I T I
No pep-v constraint

pep-v rate relative uncertainty [%)]

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

10 .
~ - L L oo e b b b by
kB S S S R
\? 0 Tlme [Y] ﬂg : Time [Y] Time [-y] Time [-y]
£ © - Be
5 N e e T TCpepZIR  HpepZIR
; 1 ; L | Borexino 2.7% 17% -12%, +30%
® | ® | LEHIE  0.25%-0.54 A%-T7% 20%-40%  15%-18%
[0) [0} [
2 2 PE 105 %dE  0.2%-0.35% 3%- 5% 16%-30%  12%-16%
& o | ]
m o
" 0l il il " 40 Mkl il il il %E;ﬁxq-&Base“ne—ideal SCenariOS, ﬁ*ﬁ*ﬁﬂ]\%?%lﬂ%%
102 100 19t 10°  10° 102 10° 10* 10° 10° 10
Po rate [cpd/kt] Kr rate [cpd/ki] JCAP 10 (2023 ) o22

14
Be



N ~ I
Cl D J] ;2: (Correlated Integrated Directionality )

Sketch of CID distribution for solar-v

‘ Neutrino events B
i -§ Chergpkov
= &
‘e 3 3t

Vsolar
\\ S i i i .
T 4 o Scintillation
= — —

\‘i\m cos a 07

] b
“J 'V v The cos a distribution for Cherenkov
@ photons is peaked ~ 0.7.
Tpe C!D tecfhnlque exploits the_ The cos a distribution is flat for
directionality of Cherenkov light to scintillation photons.
separate neutrino events from the
background.

FAVLR RN TTEMETIXRECNO, 7BeFHFNER REUE
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CID--status:

L] 7 (]
CNO neutrinos Be neutrinos
250F= - - 240
: pep constrained to HZ-SSM SRiE. 4 SF
B —— SF = —— SF +1-CID
200l —— SF +1-CID 200E- —— SF +2-CID
- —+— SF +2-CID 180F-
- 160F-
» 150— » 1402—
2 E Q B
5 - Z 120
* 100 * 100}
f 80F-
- 60F
50} a0
- 20F
. e P4570'435 0.44 0.445 0.45 0.455 0.46 0.465 047 0.475 0.48
CNO Relative precision [%] ’Be Relative precision [%]
Configuration | R(CNO) relative uncertainty [7] Configuration | R("Be ) relative uncertainty [%)]
= = 14340 e
U . 188755 — - SE _ _| 0.46247000%8
— B O e e e 1 +0.0019
————— 1 Milano: 14.075g i i ) Milano: 0.442070 0013
————— TR ¥1.9 _—— TR +0.0018
r SF + 2.CID I Ju'ehch. 11.6_5_8 FSF +ocm | Jiilich: 0.4375_0600001188
\ oo J Milano: 11.8+29 i = ) Milano: 0.437610 0018
Warning

» BEIRZERETtoy MC, T—HBETfull MCRINH T2
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N \ \I/

)

No. 20kt - 10y Threshold [MeV] Signal B hep
1 ES v+e—v+ell] 0 kinetic e~ 3ed 639
2 | . ve +'2C — e +'2 N(17; gnd) [14] 16.827 kinetic e~ 0 041
3@ ve +13 C = e~ +1 N(L " gnd) [15] 2.2 kinetic e~ + "®N decay | 3768 14.3

Gherthp withlgp ¥ +'2 C = v +12 C(17: 15.1MeV) [14] 15.1 v 0.25 4.9
5 v+ C s v+ n+2C021;4.44MeV) [16] 6 n capture + 7 67.1 1.2
6 | | v+ C v+ C(37;3.089MeV) [15] 3.089 ~ 144 0.07
@ | v+PCov4 C(27:3.685MeV) [15] 3.685 ~ 3165 13.5
8 v+ C = v+ C(27;3.854MeV) [15] 3.854 N 2.80  0.02
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BBj&BEImfi@%Es&NC&ELﬁEZ&BﬁDE%/J\%

3 MeV/#1 5 MeVEIBEZF 5-1~/a FV cut

=+ /
SSYE. B1{5 s
> 10 ~ "B v-e ES 35
E 10* fiihep v-e ES 728U |:|12B.8Li.6He 7
. S [[JReactor V-e ES [J7°Th E='"c."Be T
8REE | @y 7 S =
N B=31§|J:IU|:J\I7L§§&L|— £ 0 e — 10years-
v Muon R FF &3 52% s E
v (3, 5) MeV: 52% (muon veto) * 80% (212Bi-2%8T| cut) 102 -
- AN o | E ..... E
] ;Et{mg\gﬁl%ﬁ 10 Bl NN g
v'FV cut: 1%, refer to Borexino N -
(/D/?J/S. Rev. D 10](6)052001, 2020) E il sals it alsisalstlal s it
2 3 5 . 10 )
v’ Detector energy scale: 0.3%, refer to Daya Bay i Visible Energy [MeV]
(/\/L/C/. /nstrum. Meth. /4, 940230-242, 20]9) Am%’f: 4.8 x 1072 eV2, and Amg;: 7.5 x 107° eV?2
epd/kt FV | SBsignaleff | 2B SLi  °C  SHe !Be | U 22Th | e ES | Total bkg, | >80l rate at
Am3;  Ams3!
(2,3) MeV | 7.9kt ~51% 0.005 0.006 0.141 0.084 0.002 | 0.050 0.050 | 0.049 0.39 0.32  0.30
(3,5) MeV | 12.2 kt ~41% 0.013 0.018 0.014 0.008 0.005| 0  0.012 | 0.016 0.09 042  0.39
(5, 16) MeV | 16.2 kt ~52% 0.065 0.085 0 0 0023 0 0 0.002 0.17 0.61  0.59
Syst. error 1% <1% 3%  10% 3% 10% 1% | 1% 2%
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SBRH

1_
v, +13 C—> e +13 N(E )

R CCIEERM

Expected events in 10 yrs after cuts

—y.C CC

— Accidental from v-e ES

—— Muon-induced isotopes

1 1 1 1 I 1 1 1 1 I 1 1 1 1

= [ 4+ /7. PANY —— =
B SS9 RIEFEES S
v = ] .
RIES: EE?EJ]
=g = +
BES: BNREZ (B*, 1=8635)
O L L PR IR PR [N SR ST T T T '
> = VI 6 10 12 14 16 18
O 1jl:lf'kr =.3'1§IJ -TU [§ 5"-: WLZR 'Tq: Visible Energy [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%
E t p 1836 1 9 1 10 1 9
nergy cu 1 MeV < E; < 2 MeV 91% 836 0 0 0
Fiducial volume Cut R < 16.5 m [30] 81% 1487 107 107 108
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
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B3-V: upturn

Neutrino oscillation (MSW-LMA)
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KamLAND best fit expectation B
Quadratic fit —;
Exponential fit . -
Cubic fit Preliminary E
= —
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2 6000 — =
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Day/Night Asymmetry (%)

B8-v: H®ZI LY

sin°0,,=0.304 sin’0, ;=0.025

L L B L B L B BN B RN | — i
- Tﬂé KamLAND preferred . 2 0.50
] = 3
1= ; expected - %0.45 - . -f= -_.%___%___%___%___,}__ ,+__.+__+—+——h ________
r O |i: a
Rl s
— i 1 Fit SK data with error — 8
— ' N O 0.35 F l {
- Ve . Q_‘ -— -— e e - ——]————————— - o ————— -
- v ~
Cov b bl e v b v b b b e 1 Tl = l
6 8 10 12 14 16 18 20 2z (@)
AmZ, (10°6V?) % 0.30
Significance of D/N asymmetry: Z
. L
wa
3.2 0 for Solar Best fl'l.'. _CQ) 0.25 | cC
3.1 o for Global Best fit 1 . .
L SK_ SKll_ SKelll__SKeIV. < & 57 05 0 05 L
LD LIS z cos06,
P LE E
B |- BJUNOJN & H &V E K.
3 2041 ] v 10EHIE: (-2.940.9)% for Am5,=7.5X10-5e\/2
o E s > N Nl =
+ 1 VEIERBERAESRYE, FEAGITE
_ai_. A IR I SR [ (SO]arlBeSt |ﬂt)§ 22
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B8-v: 1RE gl &

B 3] HES, NC, CC= R NiE

v B] R TC 3 M 8B A PH A S 5R (5%), AR % 5 $Xsin20,,(8%) F1AmS 1 (20%)
VITRELAESNO-NCZER, T EBHA L &HERISBHHMFIRREE3

8E =
< 6F \ / E ®sp =5.25x 106 cm™2s™!  Am3; =7.5x 107> eV? sin26;, = 0.307
< 4 =
2E \ / o &) © @)
i o 7 4 Z Z
L ~ @) Z s z
[ JUNO CPC Vol. 45, No. 2 (2021) 0234 > @ g AJ Wol. P65, No.2(2024)
— — N —_———
10 | — 6 y reactor V (30) N¢
— [ —10y®Bsolarv
sk ES only 1 S = -
= [ %
NE: 61— ES + NC ——i . ’
< B +
4__ ES +NC+CC —— ————i .
T I S S IR SN £ R T A P
0.15 0.2 0.25 0.3 0.35 0.4 0.45 2468
sin29]2 sz -10% 0 10% -30% 0 30% -10% 0 10%
Relative 8B flux uncertainty Relative Am%l uncertainty Relative 5in%6» uncertainty

Without ?1%Po reduction , dashed line in the right panel
238/232Th ~ 10-1° g/g, Ey, > 5 MeV, dotted line in the right panel
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Rz

7LD —~|
& JUNOIF B84 3
v B ARHRIAEEAETR(20 kt), {REEEBE(0.1 MeV). {RRABE M AKU/Th~10"Y g/g). SREED FER(3U/VE)
& X BH i 7 5@ A 5% N =
O7Be > g-modes, CNOARF > KH&EFEIEE
Borexino 2.7% 17% -12%, +30% 1. CPC Vol 45, No.2 (2021) 023004
6L 0.25%-0.5% 4%-7% 20%-40% 15%-18% 2 Al Vol 965, No.2(2024)
10543 0.2%-0.35% 3%-5% 16%-30% 12%-16%

3 JCAP 10 (2023) 022
O8BAAfF: 10FEHIE, Rs@m5%, sin?0, 8%F1Am2, 20%, KFEEEEE
> SuperKiFDBorexmo;L%A/\HEYJL/)T"J B8 AFHH M FESIE, Bt S2Hk%5SEF MM AR HE B R 2R

> JUNOWZEEIRR | & KRN E| A E 4 T AISCHNCRICCR R, B ABE A PSR A 900 I 8 4 SR A0 N s U OB B
T RENE S 5K

OB H—TREIRERSIRE, LB RN M APRFFE LR upturngs
> BN 104E(-2.940.9)% for Am3,=7.5x10-5eV2, FSuperK 20 HHELE RHE Y
> Upturn: 9#8EX[2,16] MeV, B{E{KTSuperKad3.5 MeV, JLFZEBEZupturnfEX

O ppFlhep R+ #HiTH
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B8-S - - /R IA FF AR JEE

238 ) 10-17 g/g
232Th: 10717 g/g
40K: 10718 g/g
210pp: 10-% g/g
14C: 101 g/g
3Ar/8Kr: 1 uBg/m?
210po: 2600 cpd/kt

u flux: 0.004 Hz/m?
Rate in LS: 3.6 Hz
Rate in water: 10 Hz

¥ 3kin-situT] &
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2 0 DOE OO0 OO0 O DOE DR DR AU OO DUR DUR OO0 D0 DUR DUR DUR DO0 0O DUR DOR LA
10 § 1 1

6
Energy [MeV]

we v e ES ' ' !
[[]"*B(t=29ms) []"'C(t=29min) o

°Li’Ct~200ms)  []"Cie=28s) 3
E'Li’HeB(t~15) [[J"'Bez=20s) F
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Energy [MeV]
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1 M track + TFC
E: reduction
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Energy [MeV]

N I

v e ES []"'C(1=29min)

[]"B(x=29ms) []"'C(z=285)
[1°Li He(~15) E5"'Be(r=20s)

0 5 10 15
Energy [MeV]
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B8- AT - - INEB R AR TR

.ﬁl\%lg*j*sl'zk}% No cut
" = Py MRr<17m
EE) R <16m
B < 1 ppt Ref: NIMA1004 (2021) 165377 R<15m
AEWNEE < 1 ppb Same supplier with Daya Bay ERrR<14m
PMT3 & ~200 ppb Ref: NIMA 898 (2018) 6771
FB 47K Radon < 0.1 Ref: RDTM (2018) 2:48
Bg/m?3
Loral 10~30 ppm 4 mKE, 5mm HDPERE NS
. . 2 ; 5 6
= %(radm)gen |C)¥£9I\%B*j*sl‘—t 9'913575 Energy [MeV]

v Bftgamma; RFAELE. PMTIBMENIEE FHNER~4E
vERBEARJE: < 0.001 cpd with R < 16.5m

v RIEEER0.5%, 55 iF‘ﬁ‘E LB AE

Energy (MeV) >5
BLRE (kt) 162 122 7.9 9.9
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B CNO-ZF4

v/ 11C (1=29min), 1°C (1=27.8s), ®He (1=1.16s) R It AEX T EAJE

RJUNO

vV LCEFHARK, REBIEEmMuonRFEERIEER

CI)(,u)JUNO . EJCUNO

ref

(I)(/J)ref €c

nJUNO \ ¢
— Rref. (Elﬁ_f> :
E{f

fitter 1 [=] BB &

TFC-Subtracted dataset

Isotope Rscaling exp. R (R) (Ryro!
[cpd/kton] [cpd/kton] | [cpd/kton] | [cpd/kton]

MO | pe 064 s | 105« g | 19165197 | 1761 144
oc Jff;: 261“,21:;21..28 4316%51 0| 311453 | 0.25%0.04
*He ]%;Lzzli;ff; 22‘461?;1'9 278448 | 12.7+2.19

Events / p.e.
2

—— IBD —"Bev :
—— Baseline —pep v 10
—— Ideal —N i
—— Borexino-like s 10

Events / p.e.

o VT R ] T

10

PR [ LA | s ¥ ik (e T
1000 1200 1400 1600 1800 2000 2200 2400
Reconstructed energy [p.e.]

TFC-Tagged dataset
—— IBD —"Be v
—— Baseline —Ppep v
—— Ideal - :2N-v
—— Borexino-like O-v
e

E

PR IR R il
800 1000 1200 1400 1600

P VI D, VR
1800 2000 2200 2400

Reconstructed energy [p.e.]

v' HTFC(Three-Fold-Coincidence) /5%, F#IED L TFC-subtractedfITFC-tagged, %
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