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Motivation

• CDMS limiting background is betas from surface contamination
• Requirement for SuperCDMS SNOLAB (~100kg Ge) is ~ 2x10-5 cm-2 keV-1 day-1

• Challenges with traditional counting 
• Energy thresholds

• Backscattering

• Long integration time to achieve high sensitivity with small counting areas

• Some isotopes probed only by beta emission
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TABLE 1. Detection schemes for all long-lived beta-emitting or electron-capture isotopes. ICP-MS (inductively-coupled-
plasma mass spectroscopy) is listed both with its commonly achieved sensitivity of 1 ppb, and with a better sensitivity of
1 ppt, which has been achieved for some isotopes. Of particular note are the isotopes that cannot be screened in any manner
except by their emission of beta electrons, and those that can be detected only by their beta emission or by ICP-MS with
sensitivity between 1 ppb and 1 ppt. A crucial candidate, 210Pb, can be detected only by its emission of α’s or betas.

Method Applicable Isotopes

ICP-MS (1 ppb) 40K 48Ca 50V 87Rb 92Nb 98Tc 113Cd 115In 123Te 138La 176Lu 182Hf 232Th 235U 238U 236Np 250Cm

ICP-MS 10Be 36Cl 60Fe 79Se 93Zr 94Nb 97Tc 99Tc 107Pd 126Sn
(1 ppt) 129I 135Cs 137La 154Eu 158Tb 166mHo 208Bi 208Po 209Po 252Es

γ 40K 50V 60Fe 60Co 93Zr 92Nb 94Nb 93Mo 98Tc 99Tc 101Rh 101mRh 102mRh 109Cd 121mSn
(HPGe) 126Sn 125Sb 129I 134Cs 137Cs 133Ba 138La 145Pm 146Pm 150Eu 152Eu 154Eu 155Eu 157Tb

158Tb 166mHo 173Lu 174Lu 176Lu 172Hf 179Ta 207Bi 208Bi 232Th 235U 238U 236Np 241Pu

α 210Pb 208Po 209Po 228Ra 227Ac 232Th 235U 238U 236Np 241Pu 250Cm 252Es

β /ppt MS 10Be 36Cl 79Se 97Tc 107Pd 135Cs 137La 154Eu 209Po

β only 3H 14C 32Si 63Ni 90Sr 106Ru 113mCd 147Pm 151Sm 171Tm 194Os 204Tl

region drifts the ionization to the top of the chamber, where a second open (“bulk”) MWPC collects it. Proportional
avalanching in each MWPC provides gain. Crossed grids in both MWPCs provide x–y position determination. The
time profile of charge collection in the bulk MWPC determines the spatial profile of the track in the z dimension.

The design minimizes backgrounds due to the chamber itself and provides excellent rejection of residual and
unavoidable backgrounds. By design, the only surface of the detector near the sample is that of the wires, whose
area is only a few percent of the sample surface area. Events whose tracks do not originate at the sample or do not
terminate inside the drift region will be vetoed using the full 3D information. A third, “veto” MWPC below the sample
vetoes throughgoing events. With appropriate construction materials, the limiting background for betas is ejection of
electrons from the sample surface by Compton-scattering photons, which can be minimized by external shielding.
Alphas should have negligible backgrounds thanks to their uniquely short, dense, straight, high-energy tracks.

The chamber gas and pressure is neon at STP based on desired stopping power, feasibility of purification, drift
properties (drift speed, diffusion, electron attachment length), and avalanche gain. Neon’s stopping power is large
enough that a 30-cm-high drift region will contain more than 90% of 150-keV betas, so the full spectrum of electrons
from likely low-energy emitters such as 14C and 210Pb will be contained in the chamber. Likewise, even a 10-MeV
alpha particle will be contained in a 20-cm-high drift region. Yet the stopping power is low enough that the trigger
MWPC can be thick enough (1 cm) to make assembly straightforward, and the gamma background is sufficiently low
in a shield of moderate cost and size. Operation at STP minimizes vacuum system challenges. Neon has no long-
lived naturally occuring unstable isotopes, so purification by chemical means is sufficient (in contrast to argon, whose
naturally occuring unstable isotope (39Ar) would be problematic).

The energy resolution of the BetaCage will be worse than that of Si(Li) or B-implanted HPGe detectors or the
conventional Si barrier detector technology. However, for beta emission spectra, which typically have no sharp features,
energy resolution is not critical. The advantage of better sensitivity is more important. Similarly, for alpha screening,
the better sensitivity compensates for the loss of diagnostic information.

This BetaCage will also be useful for isotope dating, such as with 14C. It is already a common practice to convert
organic material for 14C analysis to CO2. Such a gas could be used as the detector medium in the BetaCage if the
electron attachment length is long enough; it is expected in the range 30–60 cm. Should electron attachment, or the
relatively low avalanche gain in CO2, become problematic, converting the carbon source to CH4 used as quench gas
in a 90% neon, 10% CH4 mixture, would work with a proportional loss in rate. For the background level expected, a
sensitivity to 10−17 is possible if CO2 is used, 10−16 if C can be introduced only in the quench gas. With an aggressive
effort on the cleanliness of the shield and detector, a sensitivity of 10 times better is possible, potentially more sensitive
even than accelerator mass spectrometry and less expensive.

Similarly, to perform dating with tritium, the material may also be converted into the 10% CH4 quench gas. With
the moderate shielding proposed here, the BetaCage could reach levels of 3H/H = 3×10−19 in a single day’s counting,
greatly improving the available sensitivity. Such sensitivities are of interest to pollution control agencies: the amount
of tritium provides information about general water quality because it measures downward migration of contaminants.
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BetaCage

• Time Projection Chamber
• Neon + Methane (quench)

• Trigger, Veto MWPCs for rejection of through-going electrons

• 40cm drift region (optimized for <200 keV electrons)

• Position information to define fiducial volume and reject self-background

• 1m2 counting area
• Rapid turnaround for measuring samples
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BetaCage

• Ultraclean materials
• Counted plastics for support structure, chamber

• Stainless Steel sense wires

• Assembly in glovebox, in radon suppressed cleanroom

• Underground + Shielding
• Minimize external gamma background to ~1 dru Ge equivalent
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Backgrounds and Sensitivity

• Primary background from gammas (~3x10-5 cm-2 keV-1 day-1)
• Interact in gas, resulting in electron triggers

• Interact in sample, resulting in electron triggers

• Wire, 14C backgrounds (<10-6 cm-2 keV-1 day-1)
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Prototype development

• Proof of principle
• 50cm x 50cm x 20cm (14C beta endpoint 156 keV contained)

• Designed without careful attention to radiopurity

• Use cheaper & better characterized P-10 (90% Argon + 10% Methane)

• Goals
• Learn to construct MWPCs

• Study functionality with radioactive sources

• Determine position resolution and rejection capability

• Measure drift properties of Neon
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Prototype status

• EM simulations & overall design
• Wire properties (diameter, pitch, spacing)

• Field cage and drift times

• Gain 104-105
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Prototype status

• Gas handling

• HV supply, filtering

• Basic DAQ
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MWPC Construction

• Layered wire planes
• Wire attachment with solder, epoxy, silver paint

• Stresses in plastic hard to relieve

• Mechanical tolerance required by gain variation 
constraints couldn’t be met.
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MWPC Construction

• “Block” MWPC
• Single MWPC assembled from 4 “blocks”

• Wire attachment with precision crimped feedthrus

• Annealing and machining cycles allow 50 micron 
precision in wire positioning

10

  

Outer side of bar

Copper tube diameter: 0.060IN
Hole diameter in noryl bar: 0.180IN 

  

Inner side of bar

Center hole diameter: 0.008IN
Noryl bar hole diameter:0.120IN

2 possible designs: Brass flush with 
frame piece or sticking out (shown
above)

  

Feedthru, length of brass piece from 
inner end: 0.220IN (see Lou's drawings)
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Updated design
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Current Status and Future Plans

• Waiting in queue at Alberta machine shop to begin MWPC fabrication

• Full system simulation with tracks, pulse signal and noise being 
implemented

• Transition to multi-channel MIDAS DAQ

• Anticipate full characterization run with sources in Winter 2010-2011

• Begin capital purchases for BetaCage fab in Spring 2011
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BetaCage Sensitivity
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Cleanroom at Syracuse
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