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Backgrounds in experiments searching for rare event

B Gases used for underground experiments

- Various gases are used as target for the rare interaction,
source of the rare decay, and carrier gas of detectors.

- Radioactive decays limits detector’s sensitivity below multi-MeV region.

Typical gas Experiments Physics target Special BG
He He-TPC, MIMAC-He3 Dark matter ’H
Ne CLEAN Dark matter --
Ar DarkSide, DEAP, ANKOK Dark matter 39Ar

ICARUS, DUNE Neutrino interaction
Xenon, LUX, XMASS, Dark matter
Xe PANDA, LZ (OVECEC, 0v4p, coherent scattering) 85Ky
KamLAND, EXO, ov2p
NEXT, AXEL
CF4 NEWAGE, DRIFT Dark matter --
SFe Test study Dark matter --
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Motivation of this study

B Radon as background

- Backgrounds from radioactive contaminants must be kept at a particularly low level.
- Radon (???Rn) is produced continuously from radium (?26Ra) in the detector material.
— Due to its relatively long lifetime (3.8 days), some reach at the detector fiducial volume.

- Rn should be reduced by material screening before the detector construction.
by purification process during the detector operation.

B Motivation and goal

- For monitoring purpose, Rn in gas (liquid) is precisely measured in real-time.
— Development of the Rn detector with an electrostatic collection method.

- Evaluate the detector performance by filling various gases (such as, Ar, Xe, CF4, SFe).
- Develop a purification method and evaluate its Rn removal efficiency.
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Nucl. Instrum. Meth. A, 497, 414-428 (2003).

High voltage divider

2
18X18 mm s %&g‘m

PIN photodiode (PD) e / J

Design of radon detector

| Reqmrement

with an accuracy of < 1 mBq/m3.

B Main component

(1) Stainless steel vessel
— Inner surface is electropolished
to reduce its intrinsic radon BG.

(2) Volume: 80 L

- Airtight structure
by using VCR/ICF metal gaskets
to prevent the outer gas from entering |n5|de.

(3) PIN-photodiode and HV divider
— Form the electrical field and collect Rn daughters. 50.0 cm
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° . | Amplifier circuit P. 6
Electrostatic collection i |

. . L":I Flaﬁge I
B Electrostatic collection P m SRy —rD
- Positive ions from 222Rn decay (2'8Po*, 214Po*, 2'°Po+). G ||
- Collect positive ions on PIN photo-diode (Z |
by forming an electrical field inside the detector. e 22pn|
- Measure energy of o particle. | \O - |

B Performance I

- High resolution of energy measurement. . |

— 214po (7.69 MeV) is used as signal. ; ; ; Bbeorved enorgy, SN,

- The background rate is quiet low (0.7 count/day). 1 o

— Intrinsic background is estimated as ~0.3 mBq/m?
for a single day measurement.

Typical BG spectrum
; (purified air)
8 | 214Po: about 0.7 count/day.

Counts/channel/day
o
[00]

- To convert the count rate to the Rn concentration, | ,,,,,,
the calibration factors were evaluated. 3

214po count rate [count/day]

100 120 0 160 180 200 220
Nucl. Instrum.Meth. A, 867, 108-114 (2017). ADC channel

calibration factor = -
/ Rn concentration [mBq/m?3]
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Calibration system
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B Setup and requirement

- Kamioka observatory
in the Super-Kamiokande area.

- Calibration with different conditions.

Rn detector
(1818 mm PD) =

T for — 214po count rate [count/day] g | \ - == : ' @} AT 2: I'IzdaeteCtOI;‘D
calibration factor =g o, centration [mBq/m?3] AN \"{ W el i eSS (28%28 mm PD)
—— [ Dew. L ————
r=a e
L1 meter -
8oL 80L
Rn detector — Rn detector X,
18%X18 mm PD 28%x28 mm PD Bt ——an - s o Lo H h It
- 1 voitage
¥ Mass flow F ) \ B (92 0 kV)g
For radioactive controller A A R
equilibrium = : a9
Mass flow Ra source
u
controller
(Ra 199 Bq)
I Gas circulation
Control humidit refrigerator flow . Gas- | V4
o o y 9 circulation | L ¥ s -

28%28 mm Rn detector (purified air), arXiv:2112.06614.



B Calibration factor

Results of calibrations

- We conducted many calibrations by filling with purified air, Ar, CF4, Xe (past study).
- Difference of calibration factors may come from the molecular size of gases.

- The Rn detector can monitor the Rn concentration in those gases.

- Next step calibration with Xe and SFe.

Calibration factor [(count/day)/(mBg/m?®)]
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Rn removal with activated carbon fiber
B Activated carbon fiber (ACF) S

- Ingrained with micropores that significantly increase |
the surface area available for adsorption.

° Adsorptwe

L]
Multilayer ® . L
adsorption
L]

Macropore
(> 50 nm)

Mesaopore
(2-50nm)

- Widely used for removing Rn from gas.

Micropore
(=2 nm}
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Evaluation of radon adsorption efficiency values Evaluation of the radon adsorption efficiency of

- Found low intrinsic background ACF.

M. Yamashita™** Y. Kotsar', Y. Nakano?, Y. Takeuchi'**, and K. Miuchi'

- High removal efficiencies for a|r/argon/CF4 while (58 510. 3+13 6 ) Yo for Xe.
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Summary

- Radon (Rn) is serious background in rare event experiments.
- To improve the detector’s sensitivity, the Rn concentration should be reduced
and monitored.

- Rn detector is widely used for such monitoring purpose.
- We have developed the low background Rn detector
and evaluated its performance by filling with various gases.

- We have estabished the calibration method to systematically evaluate its performance.
- Based on the calibration results, we found several dependence of its performance.

- Using the Rn detector, a Rn removal test with ACF was also conducted.
- Further studies with difference gases are scheduled.



