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SL

mmary

ighly radiopure and large volume Nal(Tl)

e 12.7 cm diameter X 12.7 cm height.

* 9 modu
e 40K has

es was funded in 2019.
oeen removed successfully!

« Still hig

N BG by 219Pb (2019 March).

* Pb reduction is testing.

 Annual modulating signal

 Verify DAMA/LIBRA and COSINE by Nal(Tl)
with higher sensitivity.



Status of Nal(Tl) purification
(~April 2019)

Ingot26 Ingot37 Ingot71 Ingot76
(2015) (2016) (2018) (2019)

Size

“K (ppb)
>2Th (ppt)
238U (ppt)
210Pb
(LBa/kg)
Method

3" pX3”
2630
0.4*0.5
4.7*0.3
307

Resin for
Pb

4” HX3#
120
3.7+0.5
5.9%+0.3
2300

|26+cation
resin

3" pX3”
<20
1.7*0.2
9.7*0.8
1076

double re-
crystallizat
ion

57¢pX4"(*) 5"dX5”
<20 <20

-- <4
44*0.2 <10
~1000 <50

Pb resin +
double re-
crystallizat
ion



1. Why Nal(Tl) ?

DAMA/LIBRA-phase1+DAMA/LIBRA-phase2 (2.17 ton x yr)

2.6 keV
= DAMA/LIBRA-phasel (L4 tin<yr) ——————% | &———— DAMA/LIBRA-phasel {L13 tonxyr) —————>
& i : : ! | H i i
E
3
i
o o LE]E{&n}f}
R.Bernabei, CSLNGS, March 26, 2018
Acos[um(t-ty)] ;
continuous lines: {; = 152.5d, T=100y
2-6 keV

A=(0.0095+0.0008) cpd/kg/keV
v2idof =71.8/101 11.90 C.L.

« Only Nal(Tl) scintillator gives significant signal.



Y)

Modulation Amplitude (counts/keV/kg/da

1. Recently.... COSIN

e« BG = 2.7 /day/keV/kg @ 2-6 keVee
o Amplitude = 0.0092 =0.0067 /day/keV/kg
e | ess statistic accuracy.
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COSINE-100, 1.7 yrs

s 5Single-hit

Multiple-hit
CAMA/LIBRA-Phase
DAMA/LIBRA-Phase2
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. ; ‘Lf? #KAVLI N g‘
PICOLON Project " ipMu @ @3 3
e Pure Inorganic Crystal Observatory for LOw-energy Neutr(al)ino

BG level ~ 1 /day/keV/kg at 1 keV,,
Total mass 56 kg = 250 kg = 1 ton

O3

KamLAND-PICO
1000 kg Nal(Tl) |

e ~2030

250 kg Nal(TI)
54 kg Nal(Tl) ~2025 / earlier
~2020
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Funded!



Status of Nal(Tl) purification

(~April 2019)

Ingot26 Ingot37 Ingot71

(2015) (2016) (2018)
Size 3" pX3” 4” pX3# 3" pX3” 5”¢pX4”(*) 5”¢dpX5”
40K (ppb) 2630 120 <20 <20 <20
232Th (ppt) 0.4*05 3.7=x05 1.7*0.2 = <4
238 (ppt) 4.7*03 59*03 9.7X0.8 4.4*0.2 <10
210pp 307 2300 1076 ~1000 <50
(LBa/kg)
Method Resin for  126+cation double re- Pb resin +

Pb resin crystallizat double re-

ion crystallizat

ion



Recent Ingot, #/6

* Pb reduction resin + double re-crystallization

1. Solution of Nal

2. Pb resin
‘ 7. Water solution by
3, Bciﬂ 100°C
4. re-crystallization 8. re-crystallization
5. suction filtration 9. suction filtration
6. wash by ethanol 10. wash by ethanol

'

12. evaporator
13. dry up
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Purification process

Remove Pb ion by resin. Boil to remove water.



Recent Ingot,

* Pb reduction resin + double re-crystallization

1. Solution of Nal
2. Pb resin

'

3. Bciﬂ

7. Water solution by
100°C

'

4. re-crystallization
5. suction filtration
6. wash by ethanol

8. re-crystallization
9. suction filtration
10. wash by ethanol

'

12. evaporator
13. dry up

10



OCESS

Purification p

me-rotors BR-2

Saturated water solution of Nal @ 100 °C Recrystallization by cooling slowly.
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Recent Ingot,

* Pb reduction resin + double re-crystallization

1. Solution of Nal
2. Pb resin

'

3. Bciﬂ

7. Water solution by
100°C

'

4. re-crystallization
5. suction filtration
6. wash by ethanol

8. re-crystallization
9. suction filtration
10. wash by ethanol

‘

12. evaporator
13. dry up

12



Purification Na

Filtration Dry up by evaporator.
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Events / (keV o d ¢ kg)
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BG status of Ingot #76

Energy (keV)

Energy (keV) Er‘uerg:\'r (keV)

Still high BG of alpha rays.
~1000 uBqg/kg (from 21°Pb y)

10°
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Possible origins of 21°Pb in Nal(Tl)

Insufficient e Ingot 26 successfully worked.
resin? e Verified by Pbl, solution. (Now going on.)

e \Water used re-crystallization is
polluted by %22°Rn?

e Measurement is done today...

Drv-u rocess? e Emanation from inner wall of oven?
y-upp ' e Oven is continuously evacuated.

Crucible? e Nal crystal and crucible does not interact.




Prospects

210ph is e Reduction method is

the last
problem.

now testing.

e Goal of the purity is
approaching.

DI\ SzElgenl | @ 5inchX5inch Nal(Tl)

will be e 9 modules (56 kg total
started. in 2020)
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