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Add 5% HNO5; + 0.5¢ Use 1mL 5% Strain the liquid Add 2g 20% HNO3 into
HF into PFA vessel, | =>» | HNOstorinse | => | by the filter, then @=—> the vessel, heat and
heating for 25min the surface heating to dry make up to volume

Dissolve inorganic salt Remove acrylic powder
and HF acid

7= H&F H R (MDL) U/ThEIZ: ~100%
/% RN FRANE TS K, SR R v % REANEE S FEUSThi 45 56

TABLE 1I. Blank results for different treatments.

238 232 oy L4 .

"U [pg] “"Th [pg] g F ]

Vessel Pre-treatment Parallels — — .9 13 =

X SD|MDL| X SD|MDL é ~E .

23 mL PFA bottle | acid heating+filter | 24 [0.2 0.1 04 0.2 0.1| 0.4 o -
3] 3

500 mL PFA flask acid heating-tfilter 16 (03 0.1] 0.6 |05 02| 09 2 * + + i * * -
o oo i uupiulel gufuiy i et G

Pt beaker acid heating—+ashing 9 04 03| 1.3 (06 0.3 1.6 é } ]
PTFE plate (6 pieces) | acid heatingfilter 10 0.8 0.4 2.0 |1.1 0.7] 3.0 .
233 .

Acrylic plate (6 pieces)| acid soaking-+Hilter 8 1.5 06| 3.3 |22 1.7| 7.3 U 3
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JUNOHE F KT N ITRES
wy/ Th“ﬂ B%$ Exposed in Space ure | Cleanliness Fallout rate @ class 10,000
P E ST . T 3-610 IW T

/} 3
|2

v [FEFEFLAE B RIAE T 25 28 LU ER T Be i 25 28 5130-501% Ao g::: n -
v PTFE LU L3S I GE 77 15 3-64% T 2 46 61:3 41:1
v TR 8] B 25 P 232 8] 5 2 B 2 500mLPFAflask Close I 21 46 <0.16 <0.23
(sphere) Open | 14 45 67402 75101
T 2 46 0.39+003 0.26+0.04
B } lj\j /1\ 5 J]‘ ! U /Th ﬂ IS% I’%{H‘ PTFE plate Open | 116 44 369+53  425+15
90+39 115+78
o 2 RIPMT IR 25000, BRI FE (205, 43 L H
Ilbaj 7I;]/J ﬁ q: j:jl: Acrylic plate Open J,_ 116 4.4 265+100 411+202
7 TR ELPMT Sk J2 5% I 18] /2409,  (HITREU/Th &I o) T R E
PR K BN 1 2 75 45 2 + oz ez

[
Exposure | Cleanliness Fallout rate @ class
(dayS) (X 10,000) 10.000
—_ g (pg/d/m?)
O -F ﬂaf i% U238  Th232 U238 Th232 U238 Th232

—1 1 o = — > A V= 1R <257 20mLPFA  Top hall 35+3 47+1 691+60 926+26 144+13 193+5
v 1 D :
lE:l ﬁfiﬁ \E‘ %E_%‘Z: 7 E‘i Al K’_’Z%{R lzq:f ;’:jf:c"er) Inter-layer 14 34+1 3816 397172 445+71 30508 3446
v ﬁkﬂ:/i }ﬁiT I_,l ﬂL‘EJ [ 5] }%'1 XTY)L |3':F$ E/J R Hm ﬂ Install room 14 45 29+6 27+1 348+76 333+10 T77+17  T74+2
v HU ﬂ\fi %IjJDHFﬂJ TJJHHFE/JXT Hﬁ :SSPL PFA Top hall 8.7 48 24+15 27+17 69+44 80+50 13+8 15+9
(sphere) Interlayer  14.6 13 20+6 19+11 34+11  34+19 26+08 26+15
Install room 14 45 17+1 185+02 30.3+09 338+04 67+02 75+0.1

DYB model (i1 J3 2434 4%): U: 1400 pg/m?/d, Th: 4200 pg/m?/d
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7= H &M PR (MDL) U/ThEIJCE: ~100%
v RSB IS FRAME 15 KT, SR PR v SR RE BRI AR UIThi 5 56

_ Test method Measurement method Target concentration Recovery efficiency
X [pg] 041 032 1 Sl iclo o) Measurini;og(ij-igg ::Ifqgr-eij:;:fitr;rfxtraction 107g/g of Pb iz S s iler 6 )
Sb [pg] 0.07 0.06 2 (process except extraction) | Add *2°Th/233U tracers in extraction stage 10~ 6g/g 229Th/233Y 106% £ 10% (stat) +3% (sys)
MDL, [pg] 0.61 0.49 e Ui f’g(gﬁgiﬂ?ﬁﬁ??:)&?g%//g.lppt) 107*4/107"%g/g ThU ~95%

MDL for 2kg LS [ppq] 0.30 0.24 4 (full process) Thijj?nppi%igbfﬁ E]Z_f/%{ él)jpt 10-16g/g Th/U 106%+ 31% /123%+ 43%
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A5 fE—2023.11 LS system commissioning

»

i

Master | Acid FESI & Z=PE
B elNal i@ =« Sampling point solution | | | extraction
| U: <0.30 ppq
Th: (10.7+1.1) ppq ‘ Th: (0.2820.04) ppg

U<0.28 ppq

U: (1.2=+0.1) ppq

U: <0.31 ppq
Th: (1.8£0.2) ppq Th: (0.90.1) ppg

U<0.28 ppq
T T
Ground | tank (LAB) (LAB) g (LS) ) 5 "R
Underground U<0.30 ppq
Th<0.24 ppq
[ Gas stripping T
U<0.30 ppq - N
v e T

First produce 30t LAB for FOC, then produce 30t LS for LS system
Sampling time: 2023.11.1

U: (0.34:0.06) ppg W ERLllleE
Th: (0.85+0.09)

) 4

|| Inlet tank
(LS) | (LAB/LS) N
T
U<0.28ppg DIl
Th<0.23 ppg *
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B PElORA R8s =« Sampling point

Master solution =+ Acid extraction Enrichment

2381: 0.3540.06 ppqg
232Th: <0.58 ppq

238J: 0.80.1 ppq
232Th: 0.940.1 ppq

LAB from LAB
tank+circulated S6Fe: <44 ppb

208ph: 0.8 0.1 ppt
LAB tank

6Fe: <39 ppb
208ph: 1.0£0.1 ppt

4 -
Al,O, -'1‘—-'-—'1‘—'| Distillation

238U: 6.9£0.7ppq
232Th: 11.3%+1.1 ppq

%Fe: 391 146 ppb
208ph: <1.4 ppt

Orange: 2 kg

Green: 8.5 kg

238: 2.3+0.3 ppq

LAB from =18 heimaiil ool
LAB tank | 5k L0k iasibil ooy

Ground 208pp: 1.140.1 ppt

238: <0.35 ppq
232Th: 0.3140.04 ppq
6Fe: <16 ppb

208ph: <0.55 ppt

238: <0.36 ppq
232Th: 0.14£0.02 ppq
6Fe: <16 ppb

208pp: <0.55 ppt

2381J: <0.35 ppg 2381J: 1.1+0.1 ppg 238: 1.240.1 ppg Underground
232Th: 0.26 0.03 ppq 232Th: 1.4 0.1 ppq 2%2Th: 2.8+0.3 ppq _
208Ph: <0.55 ppt 208Ph: 4.4+0.5 ppt 208Pph: 3.0 0.3 ppt
Gas stripping Water extraction [=“— Inlet tank
238: <0.9 ppq
OSIRIS - 232Th: 0.35+0.06 ppq ps: the difference of the upper limit is due to the water quality, and the problem is
’ Fe: <133 ppb solved now. The results are subtracted with the blank together with the sample

208Ph: <1.4 ppt
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B e NiiEeY ¢ Sampling point

) 4

LAB tank

Ground

238J: 0.2540.03 ppqg
232Th: 0.47%0.06 ppg

Fe: <13 ppb
208ph: <0.01 ppt

Y

3

) 4

Master solution

Acid extraction

Enrichment

i

Orange: 2 kg

Green: 8.5 kg

Distillation [l

) 4

Mixing

ps: the mixing sample should have been
contaminate, since we found one black
dot in the enriched sample.

238: <0.09 ppg
232Th: 0.1140.02 ppq

SFe: <17 ppb
208ph: <0.02 ppt

Gas stripping

Production tank

2381: <0.29 ppq

232Th: 0.37£0.06 ppq

6Fe: <52 ppb
208pp: <0.05 ppt

l storage tank

2381J: 0.23+0.03 ppq
232Th: 0.33+0.04 ppq

208ph: 0.05+0.01 ppt

e

238J: 1.04+0.1 ppq

232Th: 2.3+0.2 ppq
56Fe: <13 ppb
208ph: 0.0640.01 ppt

S6Fe: 26 44 ppb 18 "mlp‘pe

Underground o

Water extraction == Inlet tank

238: <0.29 ppq
232Th: <0.23 ppq
%Fe: <52 ppb
208Ph: <0.05 ppt

Foc ||
A tank
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U/Thill & REUE Bl R

1 B i | Efficiency Entries(1day
U/Th 9 BI‘PO&E%EQ Mass cut Signa (1day)
. “2?_ 0 12:_, . . U Th Bi/Po214 Bi/Po212
002 ”J . PDOC-IISla Readout window |  98.13% 10.37% 51.1 16
0 N? 1 e+y ’ I_ a-deca Y sot energy 70.4% 36.0 0.44
2 f:j_ W B | 2 12 G.IZ‘IBI_— PD 2 12 +relative distance 99.1% 98.4% 35.7 0.43
MJIIE;— TI Bi214 F Po214 +FV(17.3m) 85.1% 87.1% 30.4 0.37
r.u.u:ni_- e Readout window 98.42% 9.51% 103.7 2.95
0.008~ ope— energy 71.68% 74.3 0.98
: :Zf___ _ 1oot +relative distance 98 7% 1 73.4 0.98
. wzi ’ Dzi-. u +FV(17.3m) 91.3% 97.1% 67.01 0.95
T — Readoutwindow | 98.57% 9.96% 548.1 16.3
Prompt Reconstructed Energy [MeV] Late Reconstructed Energy [MeV] topot | reetme | 8242% :‘:;; >
+relative distance 98.9% 1 . 5.7
VRS FR A SN BE, (R (R UITh) i
v BiPoS41 4 1| V% CL b5 13 NJUNO OECHEZE,  1EAF & 37 T~ FL S8 i B R 20 s o BT fE 22
® No Rn contamination ® Has Rn contamination
1day, 90%CL U MDL [g/g] Th MDL [g/g] 1day, 90%CL U MDL [g/g] Th MDL [g/g] Add in-window Eff
50t 7.4E-17 6.6E-15 50t 1.5E-15 6.1E-15 2.0E-16
100t 2.96E-17 2.6E-15 100t 1.0E-15 2.8E-15 9.6E-17

1000t 5.6E-18 2.3E-16 1000t 2.3E-16 6.8E-16 1.4E-17
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I H thé 5? H Flux (E, )*totalo (E,)
o T BT, TR R =
o Tk T B B A T (L, TEv S seciamel |——— [ \{1\

iqu:@ )—D"i && & usage: E,, neutrino energy
v RﬁES&miﬁ l Input

%?FE He ? . S ]2, e Pdf of cos(8): PSF "2 + (1 — PSF) =2
—— ° 2e
N RCEHI AT, gy TN —
AN, TR T H AN upturn,

2y = Solar Zenith, Azimuth M
EF' 1&/(%5[:){‘% Y| cos@ : between electron and Vv angle

AU BT IT ], T EIRAE, $2 et | Coleutare
PR R BE
v I BE K BH i F-NCAHICC Jx W 1E

T—FitRl: PEEEUCREE T RS, UGB EkiE AR, Fad R A fitter

Te: Recoil electron kinetic energy
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v “Feasibility of detecting 8B solar neutrinos at JUNO”, Neutrino2024, 6.16-6.22 in Milano, poster
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v ZINE+ D JE 4 E R T R4, 8.14-8.18, F &Y

WIXIENR
v Chenyang Cui et al., Environmental radon control in the 700 m underground laboratory at JUNO, Eur.
Phys. J. C (2024) 84:120, i@ iR/E &
v Jie Zhao et al. [JUNO collaboration], Model Independent Approach of the JUNO Solar 8B Neutrino
Program, The Astrophysical Journal, 965:122 (13pp), 2024 April 20, 55 —1E#

v Yuanxia Li et al., A practical approach of measuring 238U and 232Th in liquid scintillator to sub-ppq
level using ICP- MS, arXiv:2405.06326, & i/ %
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RS TN MR TR SEAR I b R e XOR B A B E R B SRR T ETH R
THRIMISEIUNOI L 7, B EAE 55 /0 M B AR ER I 22 AR, e TR 4R 42 FR S R FH A e 1 IR

< SRR Y AT ST U R AR IS A A 5 Eﬁﬁﬁﬁd%‘ﬁﬁ%/\lﬁﬁ, THRITF
R BRI 22 PR A Je 5 B i ﬁﬁ PR FAR U T UITh & A H 58 7738 21 B PR se k-1, dar
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VESEFTHAR AT CERM, XINH, T, X136

v KA EEKPE. UIThEE RRBUN & &

v K?ﬂiﬁﬁ’*ﬁ:
1. 50t. 100t. 1000tZE Ty m&l. UIThE=, DAEREELE ik
2. TEZSERS TR N HR R SR B s KT, N T l
3. B4R EEMPkE, FRARIRINEE & 2H 4 AR TRk lj}]llﬁ]‘ﬂé\% ./

v ICP-MS: XFLSAHHR £ 48 S2 B} Jhi 46

VSR ST T A IR ST CEREA, P A)

¢ TN ERARI B ARACT 05 T IR S0 4 5 Sk I
TR BT HIERSF T UM R AU VB AR 2 A S (I A 1
< B FEIUNO T 94 A o 7 A i

EARTERNE AR K (ER+**)

o TP B R LK B b 77, S2BUPTFE. HDPE. Epoxy. Polyimid. Tk /i M2 5 4 bHkl i /%
th, TR R MBI T60%, JE%28 FEsEI7EL pg/kF

ARALTE IR (R A BE T VRO TS Y, K0 IR TH B0 glgia 2%, FEALFRB 2% (GdITe) WFKINLR
P RE 3 A TR AT
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