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Four purification plants to achleve target radio- purlty 10-17 g/g U/Th and 20 m attenuatlon Iength at 430 nm.

LS
| ——

fie o S0 PR
SS Structure -
CD PMTs

VETO PMTs

Connecting Bars

Supporting Legs
W

Acrylic Sphere

OSIRIS for LS qualification

SS pipes to
underground

OSIRISHIRMRE: MERER (38, FERE) , UThREER101 9/g, HEAFHKSRIER
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: : Separation of acid :
Acid extraction : : : Enrich Th/U by : Test by
[ LS: ~2000g LS } { plisseiand ofganic 1 [ evaporating acid J [ ICP-MS 1

phase

l l l Arxiv: 2405.06326
2L PFA bottle .

50mL PFAAigester tan

Clean vessel (PFA), simple pre-treatment (only acid extraction), high sensitivity (ICP-MS)


https://arxiv.org/abs/2405.06326

[Oji=E, =8, BJE

IR ARBLEEANRE AR B B TP U/ ThIF R . 2008 1 =R SRR bR eIl 1k
| Concentration | Recoveryefficiency _____

220Rn (212Pb) loading in LS 1017 g/g 08.2% =+ 0.3% (stat) 2% (sys) VDL Ref: US. EPA, Appendix B
229Th/233U standards in LS 10-16 g/g 106% + 10% (stat) + 3% (sys) iﬁmﬁ_ﬂﬂ;ﬂd Pi-ffdfozt;tﬂleﬁ | -
Dissolving PPO in LAB 10-16 g/g 106% + 31% /123% + 43% in: U.S. EPA, (Ed)), 40, Vol. 24, part 136-

Revl.11, United States Environmental
Protection Agency, Washington, DC.

T ARIIEAFE B R I AME TS G
Foi Y PR @99% C.L.

=5
=9 = 23 .
= 06 :' " 2:# '; o For 2kg LS, U: 3.0 X 1016 g/g,
=sp T f bl E Th: 2.4X10 g/g
0.4 :,_* ...... ‘* ...... {' .......................... _,: L. H—J‘r
: | . [ ]
MRS T — r T e e
0.2 - _ o Sensitivity 1016 g/g: 3.5 days

) o Sensitivity 5101 g/g: next plan, ~2 weeks
U: 0.41+0.07 pg; Th: 0.32+0.06 pg
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Acid

| ] 50 nm filter solution extraction

Master
2% Sampling point

U: <0.30 ppq

. <k
U: (6.2+0.7) ppq Th: (0.28+0.04) ppq

:
Th: (10.7+£1.1) ppg
U: (1.2+0.1) ppq U: <0.31 ppq U<0.28
: . il [ U<0.28
Th: (1.8+0.2) ppq Th: (0.9+0.1 PPq
( T L Th<0-2 ppa_ [ Th<0.23 ppq
. ‘ Distillation ]_-__I‘ Mixing . U<0.30 ppa
(LAB) (LS) 1 Th<0.24 ppq
Underground U<0.30 ppq SR(EZEG e[ |1.8 km pipe
Th<0.24 ppq Th: (0.85+0.09) ppq
U<030 ppq [N Gas stripping l Water extraction I
Th<0.24 ppq | (LS) (LS)

.| Inlet tank FOC

“ | (LAB/LS) (LAB)
First produce 30t LAB for FOC, then produce 30t LS for LS system

Sampling time: 2023.11.1

L

! |
U<0.28 ppq DY
Th<0.23 ppq *

-

o
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% Sampling point

| J 50 nm filter

Master solution » Acid extraction Enrichment

Green: 8.5 kg

238 6.9+£0.7ppq
232Th: 11.3+1.1 ppa
%6Fe: 391+46 ppb
208Pp: <1.4 ppt

2381: 0.35+0.06 ppq
LAB from LAB 232Th: <0.58 ppa

tankxcirculated B8 S T ppb
208Ph; 0.8+0.1 ppt

238J; 0.8+0.1 ppqg

%Fe: <39 ppb
208Pp: 1.0+0.1 ppt

P ——————

. -1 .. )
ppg: 10> g/g LAB tank |—%— Distillation
#8U: <0.35 ppq 238J: <0.36 ppq
LAB from 232Th: 0.31+0.04 ppa
WX:RENR'd *6Fe: 109+11 ppb *6Fe; <16 ppb 56Fe: <16 ppb

Ground 208Ph: 1.1+0.1 ppt 208Pb: <0.55 ppt 208Ph; <(.55 ppt
238); <0.35 ppg 238J; 1.1+0.1 ppq 238J: 1.2+0.1 ppq Underground
232Th: 0.26+0.03 ppa 232Th: 1.4+0.1 ppa 2*2Th: 2.8+0.3 png
56Fe: <16 ppb 56Fe: 65+7 ppb 56Fe: <60 ppb 1.8 km pipe
203ppy; <0.55 ppt 208Pp: 4.4+0.5 ppt 2%°Pb: 3.0+0.3 ppt

;—-*— Gas stripping |~=-lEeal< Water extraction

r

Inlet tank

F
N
=

[ OsiRis Jo—EAEEIEE 2024.11 G ITFE =R L SEFELA!

208Pp: <1.4 ppt
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IKFEREETE: U/Th<10-15 g/g, 226Ra < 0.1 mBg/m3.
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o /Kif: EBEKHPE. U/ThERRHEIEEE
o KHESHE:
1. 50t, 100t, 1000tFXEHRE. U/ThEEE, LUEERREK
2. &I ERRINPRABETESEKE, RITE
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Geoneutrino is one of central topics of JUNO
* The intersection of particle physics and geophysics

* An independent method to study the matter composition deep
within the Earth

Abundance of the
radioactive elements

| > Radiogenic heat

/\

238 — 206Pph 4+ 8a + 6e~ + 6V, + 51.698 MeV
235 —» 27Pb + 7a + 4e™ + 4v, + 46.402 MeV
232Th — 298Ph + 6a + 4e™ + 4V, + 42.652 MeV/
WK - *Ca+e” +v,+ 1.311 MeV
WK +e™ »Ar+v, + 1.505 MeV

> Geo-neutrino flux

* Crust: high U & Th

« CLM (Continental Lithospheric Mantle):
relatively low U & Th

« Mantle: very low U & Th, large volume



Borexino (2020) Phys. Rev. D 101, 012009
Located in Gran Sasso, Italy

Liquid Scintillator ~ 0.3 kton

In 10 years ~ 50 geoneutrinos

Precision ~ 17%

Favors high U and Th abundances BSE
models

- Total
[ Geoneutrinos

30 Reactor antineutrinos
. E B Cosmogenic °Li
:." 25E Il Accidental coincidences
= - [ (0, n) background
(—) -
Q 20K —4+— Data
- o
A
= 15F
) o
I =
= 10F

+ﬂ+

i l

500 1000 1500 2000 2500 3000 3500

Q, [p-e]

KamLAND (2022) Phys. Rev. C, 80, 015807
Located in Hida, Gifu, Japan

« Liquid Scintillator 1 kton

* |In almost 18 years ~ 170 geoneutrinos
* Precision ~ 15%

« Favors medium U and Th abundances

BSE models
180 F —e— KamLAND data == Best-fit reactor v,
Accidenta
] . ——
L 140
p . } \
a 120 F 0  ARNAAAAY T et
S -
; IOO = :‘ """ Ty Trevery Wriwrwrwr
E I:_ \\ ; LAR AR Ab J
° 80¢ i 3 BCla, m)'°0
m 60 "_ : """"""
F 3 : W Best-fit geo v,
- 4 SETETETR
40 BT o
- : — Best-fit reactor v, + BG
20 F v Lroliminary + bestfit geo v,
0;'¥FWIIIIIIlllllllllllllllllllllllll

1 12 14 16 18 2 22 24 26
E, (MeV)

« JUNO will collect more geo-neutrino events than all the other experiments with 1 year data !



JUNORYIEERPFRENE

A CuimPye teieta) 12 2RO , JUNO collaboration (to appear)
' - ; - : . : : ‘ T 1T 0 1 _[ T T T W [ T T T T ey v 1 11
02E-f}- A S SN e I el “
0184 b SN Xy g —qobalaeactorsf—fF\tm:rs;ph:rich | I —— 3years --—— RRM+Medium-H ]
e : - s 2107 — GO e - — - ! — ]
%0.16 SRS R AR AT I N Y e T PP L > yc.ears JULOC'I+Med|um H i
? i : : \ Em‘ 25 : : |
2, 0.12 : o 8 = : : ]
3] \ o\o i I I ]
e . : : R 5 2 25 : c | : ]
Lﬁ 0065_\‘\ ................ — IBD Slgnal ................ 8 I : : |
0,04 Hoggrcoimrummsmsssstsssossersscsenscosinsssessiipcserssgonse —— IBD +residual BG oo S ! : J -
L 5 : : § -t 1 I 7
0.02 ..‘_ .......................... (') 15 I I ]
___________________________________________________ L 3 : : .
10 12 : | !
Visible Energy [MeV] | | |
I I ]
> Geo-neutrino flux can be measured with high precision e : : i
(~5% in 10 yrs), thanks to a high statistics determination : ! .
of the reactor and geo neutrino spectra. ! .

5 [T N [ T T O [OI I  (E |  e

» However, predictions of crustal geo-neutrino signal suffer 30 35 460 45 g So 55 60
from large variations=> lack of local crust information, eo-v signal [TNU]
future efforts of geo-sciences !
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Crust model uncertainty [%]
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JUNOHY

n-o for mantle discovery potential (6 years)
mantle = 17.4 [TNU] (Rich-H)
T \ T T ] T T T T T T T T [ T

I

W o
‘® W o '\-)o
Q % ) o
L Q . N
- \ \ \%‘*’
L & N
2, \
| Q
i l\l 1 l 1 1 1 1 l 1 | | 1 1 1 1 1 1 1 1 1
5 30 35 40 45

Crust model [TNU]

IteisHRRIFERNE7]

Lithosphere model

Total lithosphere [TNU]

Global Crust 1.0 Sl
Global Models +8.2
& CrustLo Crust 2.0 32.0Z¢¢
* Crust2.0 LITHO 1.0 30.7182
% LITHO1l.0
* RRM RRM 30.9183
GIG
J GIGJ 31.5%72
Local JULOC 40.4728
1 Local Models
# JULOC JULOC-I 41.2*%$
¥ JULOC-I
Mantle model Signal [TNU]
Poor-H 2.87%3
Medium-H 8.07539
Rich-H 17.4135

» Discover potential of the mantle signal strongly depends

on the geo-neutrino predictions and uncertainties.
JUNO collaboration (to appear)
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S LOcalCrust(LOC): the portion of crust centered in JUNO

Rest Of Lithosphere (ROL): the remaining crust subtracting the
Local crust + the Continental Lithospheric Mantle Reference
Earth model, Huang et al. 2013

Sediment ]

ROL 5
c

. @ || 3

100 . . « Geophysical models o || &

Bulk Crust — 7 s . , <3 §

sl CLM — « Density of source unit Middle S ]

- Mantle — & 130 Crust 3_ 8

= FERESS 1,2 - Crustal structure S || 3
§ 60 | i E Lower a
= P 120 é Crust ]
S e~ e § . o
5 40 ' 115+ Geochemical models | 3
o "
® _ ®

20! / 0 U and Th abundances of source unit
15
’ N

0

10 100 1000 10000
Distance [km]

» We should know the 3-dimentional details of the density and abundances.
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Y Y 85 3 Late Yanshanian granites
7| W AR A2 50
R . ® iy
26 F Z‘ 0. °r§ B ‘,, Y * L 3 ’ ﬁ Early Yanshanian granites
SO¥ W < Nl g
2 Lo ML wtoy Aud © 24l
25r % "30 e Mo 1’<’ o ,’. " Indosinian granites
\ ¢ S 4& o I
: . o] 1
30 % 24 r o ‘f“, . : ] s 7 Caledonian granites
2 R BT, 7Y )
. =RRAY | v SR < e dan L
12~ Py QPSP+ Sedimentary Stata
— /" o o 2 " '
2f o> -
| P o B
24 ?' L) “_,. Volcanic rocks
; 21 r 4
o
21" 23 20 b o Sample data
observaiion G4 L . O
18 0 : - i 19F ° Compiled data
99" 102° 105 108 111 14 117 120' 123° 200 —300 200 —100 100 2or(!;Gal 8k L, & _—— & = mﬁw
108 109 110 111 112 113 114 115 116 117 118

(Han et al)

Area: 10° x 11° almost centered in JUNO Longitude

[18°-28° 107.2° - 118.0°]

Geophysical modeling .

« 3D-model BT XIHEIREIEE BTG IE DEUE )
HIBL & S EMIEERY
- WFES EMEFMFANCRUST 1.OMRA

Geochemical modeling
500N EMEES, >3000 Sk BHBER{Y S EUREREE
3DEALLHIERIRIEEE R ERI3DIKIRSS
tatREYRBayesianf7  A15%!
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> The most important question for model refinement: The vertical distribution of granite ({f658&)!

» Using complementary probes of geo-physical studies:
Magnetotellurics (KHBHE), Gravity (EBEIRE), Magnetic Asnomaly (BERE), Seismic data (HIZEHE)

S - MR
_r”‘w{\J \bﬂ\_JJ/JNHF 1 1N UN O 317 9 A 10 B BT 2 P 25 1
| M OT R H T PR L
RS, R E NSRS PR
S TERBOEEDH

TSR XA P AR R A KB R

| BRI B RS T

g ¢ RIBR B, IR AERAIR
B SHEEARHEBER
B W, BEL. HEEAREGAE

-
o

| RENRE

bouguer anomaly
' Y
o

30|
I

delta T

_—— ————— —— —_— —
1 | 1 L |

B PE R AR AR ZHMT I 2 3



JUNO: SRE=AEERTTENZ—

HIZFREENEKX: FEYR-RYUEARTTR. LKA —IES
s B=RIZFE=TLIZ(JUNO, Hyepr-K,DUNE)TE/LERISIR4KETT
= KR 5FEFETRISEIERHIISSEIRAKAIEF

= 3NEERBRHENEH: REFUEAR. xmmz(mz.ms.mm

= JUNOE—ERTERERMNBN, BEEEHANAR
___

dll

Mass (kton) 258 (186) 4*17 (4*10)

Target Nucleus H20 Ard0 12% H, 88% C12

Technology Water Cerenkov LAr TPC Liquid Scintillator

Start Time 2027 2028/29 2025

Advantages Large mass and cheap Excellent track reconstruction Excellent energy resolution 3%
Good particle Identification Excellent particle Identification  Excellent E threshold 0.7MeV
Good direction resolution Good energy resolution

Shortcomings Cerenkov threshold Complex FSI for Ar40 Direction information lost



JUNOEF=FRFaESiFMp > v K

: Kt linati ~ 220F- 3001
Flrs_t pulse: I{: kinetic energy of ~105 MeV, decay at rest o [ u* : —4— sim. Data
K —v,+u 15cm,1.2ns ok 250F — Best fit
Second + + " 160F- - - K" dep. pulse
pulse H —eT Ue+ v, 140F 200 + {
+ + 0 e = 2 C === u* dep. pulse
152 MeV (1™ ) or 354 MeV(rt™, ") 3120 = T
. 0 O 400F- w 15011 1 AT,.= 11.8ns AT, .= 116ns
K >+ 80F- R E,= 1196 MeV E, = 146.3 MeV
Second | . ﬁ,ﬂ 8.4x10° ns }_2}/ 60; K 100: \ y2ndf = 167.0/145
pulse . n + 40: o
T v : : = u
«"H " Third pulse: Michel e* el ._I_I_I’ﬂLLLJ SO0F
|—',u+—>e*+u+v, ob—— o T
© 1 10 102 10° 0 %

hit time (ns)

I'

s =i [ Aok —
FhHHE. FSUE. KSPHFPE
Criteria Survival rate of p — VK™ (%) Survival count (fraction) of atmospheric v
Sample 1|Sample 2|Sample 3| Sample 1 | Sample2 | Sample 3
basic selection Evi 94.6 01299 (32.1%)
Ry 03.7 47849 (29.9%)
Delayed Ny 744 4.4 20739 (13.0%) 1143 (0.7%)
signal AL 67.0 74 13796 (8.6%) 094 (0.6%)
eleotion N, | 484 7.9 — (5403 (3.4%)[6857 (4.3%) -
AL, - 6.6 - - 472 (2.8%) -
Time R, | 459 9.0 3.8 4326 (2.7%)] 581 (0.4%) 716 (0.4%)
character AT 28.3 7.7 2.4 121 (0.07%)| 18 (0.01%) 30 (0.02%)
selection |E\.E,| 27.4 7.3 2.2 1 (0.0006%) 0 0
Total 36.9 1




JUNOIFN p — v K BYBIELE

450?— . 1034
- v ©
120 o
>
_E;-
100 é
< - g 10
% wn
< - )
B o0 E
©
" =
40 E 1032 |
@
- 20 o . ‘ . .
0 (NS O A O o
OE' ol bl |-'I ,'}1: 0 E 74”4,”Lmi,,,1”4”4,,ij"LWL"LL,L - [ R J feedfo J o 1 T 4 1g-J3IOLOZL(42L02L3)
0 50 100 150 200 250 0 50 100 150 200 250 0 2 4 6 8 10 12 14 16 18 20
.E1 (ME_V) E, (MF‘-V)_ Running Time (Year)
@ p— K (b) atmospheric v SK(260 kt-y): 0.59 x 103* yrs (PRD 90, 072005 (2014))
Background: 0.2/10years ‘ _
. o /B(p > 7 K") > 0.96 x 103* yrs
Efficiency : 36.9% /Bp ) Y

HAEES=DE: n— u K, p—e'K*(892)°, n—vK*(892)°, and p— vK*(892)*




JUNOEF=FHHFaESHFNPFAIN=EE
LCHRENFAIREE: — ¢ |

18.7 MeV

»n - inv (12C - 11C") P - — SRS 3]
_ ) Prompt (15t) |
> nn - inv (12C - 10C*) P @) | Y (44MeV) |
|

'/

’————-~

A iF:

/\’l/lﬂl
T, SYRERT S aravey  (2€) ST

FAvC i BigErEy
N

...
*y

........ )
—_ E§A1 E%° ® ; B ® --------- .A
o === Half-life Qvalue : Prompt(1$t)‘~o.,% ®
HC* > n+ 10C (Bry, = 3.0%) [19.3s, 3.65 MeV] | v \ ‘ J
HC* >n+ y+19C  (Bry, = 2.8%) [19.35,3.65MeV] ‘m
10C* > n + 9IC  (Bryy = 6.2%) [0.135,16.5 MeV] DEcayis ) Y (2.2 MeV)
0C* 5n+p+ 8B (B, = 6.0%) [0.77 s, 18.0 MeV] Delayed (2"9)

Y. Kamyshkov and E. Kolbe, PRD 67, 076007 (2003)
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S5{5Hkck:

Selection Criterion n — inv nn — inv 1M g IR
Her n 100 [ MO w4y +10C | 0C 5047 C [ 9C* 2 n4+p 45D = JUNO Sensitivity (n — inv) .
All triple signals 100 100 100 100 7 SNO+ Upper Limit (n N im,’) i
Muon Veto 65.7 £ 0.2 65.5 £ 0.2 80.8 £ 0.2 78.3 £ 0.2 1033 JUNO Sensitivi - oo |
Fiducial Volume $3.5 £ 0.4 82.7 4 0.4 $2.9 4 0.4 $3.1 4 0.4 . ensitivity (nn — inv) 3
Event Selection 754 +09 80.7 + 0.3 802 +0.3 835+ 0.3 3 Y¢  KamLAND Upper Limit (nn — inv) A
Multiplicity Cut 03.8 + 0.1 93.8 + 0.1 99.0 + O(1074) | 99.9 + O(10~4) S T
Combined Selection 38.8 £ 0.5 45.6 £ 0.3 59.7 £ 0.4 54.3 + 0.4 E 10 1.4X% 1()32 y _§
S -
=545 - g~ 5.0x 1031y
EESUESFR: S / y -
Backgrounds n — inv nn — inv 'g ;
(10 years) Basic selection | PSD 4+ MVA | Basic selection | PSD + MVA o 20 i
— ‘ , N1.4%10%0y
IBD + Single 1235 +50 2.72 £ 0.10 3.01 £ 0.09 | 0.0110 + 0.0003 1030 ST KA AND =
Atm-v NC 3.0+ 1.1 0.93 £ 0.67 43+ 35 0.55 £ 0.63 9.0 x 1027 y 3
130((35;11)160 + Single 34+ 14 0.036 = 0.013 - - from SNO+ JUNO, arXiv:2405.17792 i
Li/He + Single | 155+ 039 | 029+ 017 | 0134013 | 013+ 0.13 1029 é L1 _'L S (!) L1 é L1 1'0
Accidental 1.46 Ji 0.05 | 0.095 = 0.004 - - Running time [yr]
Total 1244 £+ 50 4.07 £ 0.68 T44£35 0.69 £ 0.64
Signal efficiency n — inv nn — inv I YE1= Ny
n —
(%) Basic selection | PSD + MVA | Basic selection | PSD + MVA Zﬁgx‘ n_."J;EEH' ! E'&
€n(nn)l 35.6 £ 0.2 235 £0.2 54.0 + 0.3 482 + 0.3
€n(nn)2 43.6 + 0.3 30.3 £ 0.3 49.2 + 0.3 36.3 £ 0.3
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1. HHARJUNORIRBINRES (WESH) B

proton
o BILEFITIE FHNE T2 HLE> B TR L B.nd.ng Fffect Q 8
® Super-Kil)lﬂ738AJE HEARERTER L 7 RRIEFRE 2. Fermi Motion @ K+
o JUNOFIABFEIRNRZS =TE S HRIERT 3. NN correlation @ neutrino
2. SHNBFENYES (BESE) &°
o BFEIRMHEA SPRFHRED10ENLMIKTE e e et
o TRATERE LA EREL B FASEEE) @ o
o FIAMEFIEFRFHE—FPREIEZFREESKSHIE > §
o EHEMEFIMuonTZEFERIKEN/REBF ® @
3. HREF=ZAERRIEIE (FEFLH) > De-exciiation of ,r,er;"a,',”'_r_‘_g”“de'
o EFETIHXZHMN > FSHEHEEA. BE&
o (EMPMFIHEEAFEF (GENIE, NuWro) Y BEHGENIERFREIAMEN
» ETFSpectral Functiontzi&E > SIBAV A BE v TALYSFIGEMINI+ +4vE]BFiBi¥E
- R/ A SRR W o o, 5710 202
> WIIZFRETHIRSPHFEIERZNER A S o
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