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Super-Kamiokande Gd project just startec
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Physics targets of SK-Gd:

(1) Discovery of Supernova relic neutrino (SRN)
(2) Galactic supernovae (pointing accuracy, and Si-burning v )
(3) Reduction of BG for proton decay, solar v, or reactor v

(4) Neutrino/anti-neutrino discrimination
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« Aiming to dissolve up to ~26 tons of additional

Initial loading
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Capture on Gadolinium %

Gd2<804>3'8H20 Iﬂ 2022 40 - E

« Target Gd concentration: 0.03% (Currently 0.01%) ’

« Gd capture efficiency: 75% (Currently 50%) 13
Current plan for the next Gd-loading "o o001 ool 01
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Toward 26 tons of clean Gd,(SO,);*8H,0

Radioactive impurities for Gd2(S04)3 powder [mBqg/kg]

: ) : SK-Gd requirements

« Gd powder for the first loading was el soiE For solar For DSNB
screened lot by lot at multiple sites: wsy U — <5
+ ICP-MS: Kamioka Z:Ra <05 —
« HPGe: Canfranc, Boulby and Kamioka 232Th Ra <0.05 —
228Th <0.05 —
o 238 232Th, 235 < requirements. sy Y <30 —
2Tpc/2TTh  |< 30 —

« 228Rg was found to be ~1mBg/kg in U contamination (ICP-MS)  Th contamination (ICP-MS)
latter half of the production. :

« (Gd oxide which is the feedstock of Gd
sulfate had more 228 Ra for such lots

powder

;Requirement:
- 232Th < 13 ppt
i (=0.05mBa/kg)
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Status of making Gd for the next loading

« We found additional purification processes can reach the same level of
Rl as that of the first half of 13 ton (ex. Lot # 190302).

« Production of 26 tons of Gd sulfate has been started since June, 2021

« Production rate : 2.5-3 ton per month
« 26 tons will be ready by the end of May, 2022.

U-238 U-238 Th-chain Th-chain U-235 U-235
early late Ac-228 late early late
(=Ra-228)

210301
NewGd. S0y, <28  <0.36 <0.28 <0.10 <144 <188

190302
For first loading

<9.8 <0.32 <0.35 <0.29 <042 <092
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-valuation of super-low level U/Th

* We have developped a method
to measure super-low level

U/Th in Gd powder

» Requiements:
238|) < 400ppb (5mBqg/kg),
232Th< 12ppt (0.05mBq/kg)

« Separation and extraction of
U/Th from Gd solution using
resin

« To remove matrix effect of Gd
e S.ltoetal. PTEP 2017 113H01

Free-fall

! " '} < | “ V .
“ ‘J ] X '}1“ - ol . B .
- LB manifold _
{ ' N -—T|p
]

Auto-sampler is covered bv clean booth.—Class 100 6



-ducation to young me

Expert ( S.lto san: Okayama->KEK)
gave lectures for young people,

so that more people can participate
in the screening campaign.

Now two new members (+lkeda)
are working on the U/Th separation
and ICP-MS measurements.

Need to catch up with Ito san's
quality!

mbers
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L esson learnec
| Test with known clean Gd ( sub ppt)

Date  Blank [ppt] 238Th[ppt] Comments

2021/6/8 120 37.5 Resin wash was not perfect
2021/6/18 0.8 19.8 Procedure was correct
2021/7/20 1 18.5 All bottles were washed with correct procedure

ICP-MS maintenance (annual) was done.

Cleaned and tided up the room.

HEPA filter for the clean booth

Replaced the clean booth sheets.

2021/9/29 1 2.5 Sample powder from 10kg bag in the clean booth.
2021/9/29 0.5 1.6 Gd sulfate concentration of the prodedure 2%->4%

2021/9/6 1 17




232Th [ppt]

Status of the production and the screening

~1/3 of production finished. ) ;2

Check with ICP-MS is on going. S Cel40 <50 ppb
Confirmed that received samples § 40

meet our requirements 3 i

Production will finish by the end 0 |

of May 2022. T T
: 232Th <13 ppt g 238U <400 ppt
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Summary

« SK-Gd will be upgraded with another 26 tos of Gd-sulfate.

« 26 tons of Gd sulfate powder will dissolved to SK water after GW
this year.

= ~ 0.03% Gd concentration
= Gd capture efficiency: 75% (Currently 50%)

* We will finish the screening of Gd sulfate powder before that
« ~ 1/3 of screening has finished so far

 Tsukuba team is also very active for SK-Gd and other
underground related experiments.



RI'in Gd powder before R&D

Requirement for each isotope assuming 0.2% Gd sulfate loading

238U

226R 3 - <0.5 5

232Th - < 0.05

228R3 - < 0.05 10

228Th - < 0.05 100

235U - <3 32
227Ac/Th - <3 300

1/10 ~ 1/1000 reductions were needed!
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PTEP 2017 113HO1

Prewash
4
7 mol L' HNO3 20 mL —— |Procedure blank 1| === *» Waste solution
1
0.1 mol L' HNO3 20 mL —» picedure blank 2] - » ossrlwl:ct::::k ------ > ICP-MS
7 mol L' HNOs 3mL  — |Conditioning | --=-=---++===-- » Waste solution
4
Sample 18 mL —> [Separation]-----=-serereeees » Waste solution
7mol LT HNO3 1.5 mL X 3— Wtshing the resin| === » Waste solution
0.1 mol L' HNOz 6 mL ——> El‘u‘tion 1 |reeeeeeeenennns :
4 .
7 mol L' HNO3 6 mL — |Elution 2]----=-========- . ..... »> thece?ﬂfgéic:;glzzion ...... » ICP-MS
0.1 mol L' HNO3 6 mL  —» Ettion 2] [ER————

Fig. 6. Diagram of the whole procedure for the solid-phase extraction.
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o 238U <400 ppt
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