P36 Krypton Removal from Nitrogen (for Ultra-Low Background Liquid Scintillator Detectors)
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Key messages
E ~ @ / A ) ‘(‘ % j-l-' . Commercial LN, must be assayed before KamLAND2 operation.

A TSP makes RGA-based Kr measurement practical by removing bulk
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. The current sensitivity is ~200 ppt; ~1 ppt is the next realistic target.
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{ Email: takahiko@awa.tohoku.ac.jp «  The next milestone is cryogenic adsorption and breakthrough
measurement.

3. Calibration and first CE result

Physics requirement | Calibration quantity
* InKamLAND1, a dedicated N, generator system | R The integrated 84Kr signal from the RGA (partial pressure x time, torr s)

achieved Kr < 1ppt and supported the "Be solar is mapped to an absolute 84Kr amount (STP L).
neqtrlno measu_rement.. | | Three calibration points have been obtained using ambient air and
N, is used for Liquid scintillator (LS) purging, so Kr diluted-air samples at fixed injected volume.

in N, propagates into LS. | 84Ky concentration in air 0.65 ppm
For KamLAND2, 8°Kr background should remain Uncertainty evaluation is ongoing. Sources:
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Energy spectrum of KamLAND1
[Phys. Rev. C 92, 055808 (2015)]

Operational context
The original N, generator is no longer available.
KamLAND?2 operation relies on commercial LN, 85K 1 aCtivi
activity ~1 uBg/m?
delivered to a cold evaporator (CE) tank. y | HEAM L
The Kr concentration in CE-N, has not been 84K in LS ~0.5 ppt
directly measured. | | Vol
- KamLAND1 data from a short period of BAKT i No 0.5
~0. t
operation with CE-N_ indicate a 84Kr PN N2 PPl

concentration of order 0.5 ppb. 10 107
Kr-84 amount (STP L)

RGA signal integration vs absolute 84Kr amount. Black points are calibration points
obtained using air. Blue line is a RGA measurement result for a CE-N, sample.
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2. Measurement strategy: RGA + pre-concentration

Why pre-concentration is required Sampling and measurement of CE-N,
' Igi Efrsfn“ da'hgszgnig;?é gfﬁ)(';’ fﬂeorfted al & _ . CE-N, (~0.4 MPaG) was collected into a 150 mL cylinder.
y 9 - « The cylinder was purged with 10 L of CE-N, before sampling.

Kr is trace even in air, so direct ppt measurement . 26.7 mL (STP) from the cylinder was processed by the TSP-RGA system.
In N, is not practical.

The key idea is to remove bulk N, while leaving wal %(
noble gases for the RGA. )

Schematic view of the measurement system
inspired by [doi:10.7907/ME5M-F406]
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84Kr pressure vs time measurement for CE-N, sample (26.7 mL STP)

Preliminary CE-N2 result

¢ ~2.5x 101 L of 8Kr in 26.7 mL of CE-N,

« - 84Kr concentration 0.94 ppb

Cold trap vs TSP ] » Consistent, at the order-of magnitude level, with the ~0.5 ppb
» Cold-trap trials with Molecular Sieve 13X did not & gl i indication from a short CE-N2 period data in KamLAND1.

provide clean N,/Kr separation in the current setup.  SEEEERE=—_ N i : : " PISE
. Temperature control was limited to LN,, on/off, S A CE-N, likely requires additional purification to reach the ppt goal.
preventing fine desorption control.
The Titanium Sublimation Pump (TSP) worked: Ti
sublimates at ~0.1 g/h, and 0.1 g Ti removes ~20 mL

(STP) of N2 while noble gases are not pumped.

TSP inside a chamber

Sensitivity is set by the RGA background and by the processed
sample amount.
Current conditions:
« Background ~2 x 10-12 torr
« Sample amount ~30 mL (STP)
e giving a concentration sensitivity of ~200 ppt.
Expected improvements:
« Careful bakeout may lower the background to ~1 x 10-13 torr
* Fresh TSP filaments should allow at least ~300 mL (STP) to be
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Time (s) Together these upgrades = ~1 ppt sensitivity
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84Kr pressure vs time measurement for an air sample (3.4 mL under 2800 Pa)

5. Next step: adsorption test and implementation concept

Cryogenic adsorber study

« Candidate absorbents: activated carbon and silver-zeolite 9% Gas to measurement system

* In laboratory tests, GN, will be passed through adsorbents Laboratory Test BN Adsorber NS
cooled to LN, temperature.
In KamLAND?2 process, LN, will be passed through  J LN, bath
adsorbents. /
It may be necessary to study difference between GN, and ' Daily refil ~10 kg x2 ? )

LN, purification. Liquid Adsorber quwd Liquid Gas to users
« Decrease of adsorption capacity due to liquefaction Planned process —> e CE tank vaporizer s
~1700 m3/day

of N, is indicated in [1]. in KamLAND site ' Adsorber

[1]: G. Zuzel, “Searching for rare nuclear processes at low energies — development of background reduction techniques for \ Dai |y regenera’uon ? /
cutting-edge Experiments” (2017)

Workshop on Low BG Technologies, 2026 Mar. at Kobe University



