The BetaCage, an Ultrasensitive Screener for Surface Contamination
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Material screening for identifying low-energy electron emitters and alpha-decaying isotopes is now a prerequisite for rare-event searches (e.g., dark-matter
direct detection and neutrinoless double-beta decay) for which surface radiocontamination has become an increasingly important background. The BetaCage,
a gaseous neon time-projection chamber, is a proposed ultra-sensitive (and nondestructive) screener for alpha- and beta-emitting surface contaminants to
which existing screening facilities are insufficiently sensitive. Our sensitivity goals are 0.1 betas (per keV-m2-day) and 0.1 alphas (per m2-day), where the former
will be limited by Compton scattering of external photons in the screening samples and (thanks to tracking) the latter is expected to be signal-limited;
radioassays and simulations indicate backgrounds from detector materials and radon daughters should be subdominant. We report on details of the
background simulations and detector design that provide the discrimination, shielding, and radiopurity necessary to reach our sensitivity goals for a chamber
with a 95x95 cm? sample area positioned below a 40 cm drift region and monitored by crisscrossed anode and cathode planes consisting of 151 wires each.

Detector Design

Beta Sensitivity

Detector model (from the outside in):
= 15-cm thick outer Lead (shielding)
= 5-cm thick, low-activity inner Lead (shielding)
= 1-cm thick OFE Copper (shielding, field shapers)
= 2-mm thick Stainless Steel (feedthrough for signals)
= 750 kg of Acrylic (containment vessel, field shapers)
= 40 kg of Noryl (MWPC frames)
= Ten 50-g Resistors (voltage division for drift field)
= 60x60 cm? Sample area
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Radon Sources (in terms of 222Rn decays/day):

= Emanation = 1000 (continuously sourced)
* Assumes ~90x lower than achieved by DRIFT-l1a [3]

+ Mitigate with carbon trap or careful materials selection
= Neon = 0.5-500 (sourced per fill of detector volume)
« Assumes levels similar to argon measurements in [4]

* Mitigate either with carbon trap or wait weeks to decay
= Environment = 1000 Bq/m? (continuously sourced)

* High external level due to underground location
* For PMMA vessel, mitigate with low-radon purge
* For gas handling system, require leak tightness of:
- ~10 mbar L/s downstream of carbon trap
- ~102 mbar L/s upstream of carbon trap [5

Background Reduction via Reconstruction
Conditions for isolating tracks from sample:
= Data Cut #1:
* <1keVin veto MWPC & >1 keV in trigger MWPC
«>5 keV deposited in drift region (bulk MWPC)
= Data Cut #3:
* Fully contained in fiducial drift region
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Radon Mitigation

Radon Mitigation via Cooled Carbon Tra|
= Relatively small tube: L = 25-cm (length) & ¢ = 2.5-cm (diameter)
= 70 grams of high-quality synthetic carbon [1]:
«p=0.6 g/cm3 (density) & S = 1342 m?/g (surface area)
= For Q = 8 Ipm (circulation flow rate) & T = 170 K (trap temperature):
* ug = 4Q/m 2 = 26 cm/s (superficial velocity through trap)
* k,(5,T) = 1.4x107 cm>/g (dynamic adsorption coefficient) [2]
* Tirap = Tk,pL/(273 K)ug = 56 days (‘punch-through’ time) [2]
« Survival fraction for radon atoms entering the trap:
> eTn/55242 38410
« Considering flush time of 0.6-m? detector volume yields:
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