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Radon— Where From & Why Bad ?
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222Rn is a decay product of 28U that is
everywhere

Tr, = 9.916 day (mean lifetime)

Radioactive noble gas with chemistry similar to
Xenon

Dissolves in liquid xenon (LXe) and isn’t
removed with hot gas purifying getters

222Rn continuously emanates from detector
components

Decay products of 2?Rn can mimic Dark Matter
signals

3-decay of 2!“Pb can end up in the WIMP ROI and
survive the S2/S1 discrimination cut.



Radon—Largest Background Source in LZ
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The background spectra in the 5.6 ton fiducial
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High and low correspond +10 and -10 of all
222Rn screening measurements, respectively.

The highest scenario assumes no reduction in emanation rate at LZ operating temperatures, 175K

222Rn emanation rates from warm cables and feedthroughs of LZ detector components estimated to
be in 8.3-20 mBq range



In-line Radon Reduction System for LZ
I

The LZ goal is to reduce ?*?Rn background of the warm section (cables and
feedthroughs) below 1 mBq, about an order of magnitude reduction from current
estimates, 8.3-20mBq.
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population) *L
Sequestration of atoms in activated ' : xa vAPOR
carbon trap until most >22Rn nuclei : : |
decay - Hillowr. il
Analogous to gas chromatography: ' 1 |l
v(Xe)/ v(Rn) (-85 C) = 1000 g
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than In(10) T = 12.7 days



Michigan Radon Reduction R&D
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Different Activated Charcoals Tested

Saratech
CarboAct

Charcoal Density (g/cm?) Surface area (m?/g) Spec. activity Price
(mBg/kg) ($/kg)

Calgon OVC 4x8 0.45 1,100 536+13

Shirasagi 0.45 1,240 101 £8 27
Saratech 0.60 1,340 171 +0.20 35
Saratach (HNO;) 0.60 1,340 0.51 £0.09 135

CarboAct 0.28 1,000 0.23+£0.19 15,000



222Rn adsorption characteristics on
various charcoals were studied in
N,, Ar, and Xe carrier gases.

Vastly different transition times for
various charcoal types.

By measuring the 2!3Po spectra after
22°Rn injection, elution curves were
obtained using the chromatographic
plate model—the charcoal trap is
divided into stages of equal volume
where the gas and charcoal are in
equilibrium.
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k,—The Dynamic Adsorption Coefficient
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T, the average breakthrough time for radon is related to o, 25 0 25 a0 |ERTE
the absorption coefficient by , _ '
fit of the elution curves.

k,-values for N, and Ar as a function of the inverse
temperature of the trap follow Arrhenius law for the

tested charcoals.

Temperature, (K)
220 200
| ! ! |

300 280 260 240

kam_ obtained from the
S

| I | | L

llll]lllllllll]llllllllllllll-

Xe carrier gas

Inverse terhperature, (1000/K)
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—&—— 222Rnin Ar(2 sipm. 1 atm). OVC 4x5 (50 g)
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—&——  222Rn in N2 (2 slpm, 1 atm). OVC 4x8 (50 g)
222Rn in Ar (2 sipm, 1 alm), Shirasagi (45 g)
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>
ka-values for 222Rn range from 5-45 /g in N, and Ar
carrier gases, while in Xe they are an order of magnitude
lower, 0.5-3 1/g.

For Xe as the carrier gas the k,-values in Saratech and
etched (HNO,) Saratech consistent with Arrhenius law,
however in CarboAct, violates it.

222-Rn dynamic adsorption coefficient, (I/g)




Adsorption of Xenon gas on Charcoal
o]

Xe atoms have high polarizability and

. ~
tend to occupy the charcoal adSOYPtIOIl 2; *\ —4 — Pure Xe (1.7 atm), Carboact (241 g)
sites much faster resulting in the short 3 '°F ~ Pure Xe (11 ), Catboact 241 9
222Rn breakthrough tlmes. gj 1_6;’{‘ \\‘% —¥ — Pure Xe (1 atm), Saratech (650 g)

Increases linear with decreasing 3 145 \\\ \\

temperature £ 12 £ N N

. . c ~ ~
Increases only slightly with pressure ° 1 kNG ~
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Saratech adsorbs on average about 5 O°F I~ ~N
30% less Xe than CarboAct at 5 06F L
atmospheric pressures . 5 04 S
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below detection limit of the scale, L S i s . g
(below 20 g of charcoal) Temperature, (K)



Building a Radon Trap

222Rn output concentration, (mBq)

20

18

16

14

12

10

_kam
Noy = Nipe 7r +S0f

Due to Rn in GXe

N, = 83 mBq,f=0.5 SLPM

TR
kq

i | | | ot Ca;boact (tr;is work)I E
3\ —=— Carboact (Rau etal.) |J
- \\ BB saratech (this work) |3
=\ E
A\ E
0 2 4 6 8 10 12 14

Adsorbent mass, (kg)

—3

ka ‘m

1] —e 7w®r

Due to activity of the charcoal

222Rn output concentration, (mBq)

20

18

16

14

12

10

N, = 20 mBq, f =2 SLPM

Ay F= Carboact (this work)

- —=— Carboact (Rau et al.)

- I saratech (this work)

E il NP ST PP PP I BT P O
2 6 8 10 12 14 16 18 20

Adsorbent mass, (kg)

Need 5 -7 kg of etched Saratech to reduce Rn concentration from warm
cables and feedthroughs at the output of the trap below 1 mBq

Even though CarbAct has lowest s, not most efficient trap material for

low(ish) mass




Conclusion & Acknowledgments
|

222Rn breakthrough times in N, and Ar carrier gases are significantly longer than in
Xe carrier gas.

This may be attributed to the lower polarizabilies of N, and Ar compared to Xe
Among the investigated charcoals, Saratech appears to be the most efficient 2>?Rn
reduction material.

Chemical etching of Saratech with HNO; acid reduced the intrinsic radioactivity (>3U) by
about a factor of three.

Etching did not affect the *?Rn adsorption characteristics of Saratech making it a strong
candidate for a trap.

Published in NIM journal: A 903 (2018) 267-276

This work was supported by DOE
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counts per channel

213pg and *'4Po peaks
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Fitted to this analytical
function for alpha
spectra from which the
area of the peak can be
determined.



Arrhenius Law
s
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Describes the rate of chemical reactions

k: rate constant
E,: activation energy (J)
k,: Boltzmann constant (J/K)

T: temperature (K)
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222-Rn average residence time, (min)
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