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Established	  measurement	  methods:	  	  
•  alpha	  spectroscopy	  (210Po)	  –	  long	  buildup	  /me,	  radiochemistry	  
•  beta	  coun/ng	  (210Bi)	  –	  large	  background,	  radiochemistry	  
•  gamma	  spectroscopy	  (210Pb)	  –	  large	  background	  
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210Pb	  in	  acrylic	  for	  DEAP-‐3600	  
•  Background	  from	  residual	  radioac/vity	  in	  bulk	  acrylic	  from	  

Uranium	  and	  Thorium	  chains.	  
•  Specified	  limits	  for	  210Pb	  content	  in	  bulk	  acrylic	  [B.	  Cai,	  2011]:	  

~	  4.7x10-‐7	  ppt	  =	  1.33	  mBq/kg	  acrylic	  (=115	  d-‐1kg-‐1)	  

•  Typical	  detec/on	  limits	  (sample	  typically	  <	  5	  g):	  
–  Alpha	  spectrometry	  (210Po):	  0.1	  –	  1	  mBq/sample	  
–  Beta	  coun/ng	  (210Bi):	  ~10	  mBq/sample	  
–  Gamma	  spectrometry	  (210Pb):	  100	  –	  400	  mBq/sample	  

•  Volume	  reduc/on	  of	  acrylic	  sample	  	  
–  done	  by	  vaporiza/on	  and	  incinera/on	  at	  Queen’s	  University	  /	  

SNOLAB	  (C.	  Nantais)	  	  
à	  liquid	  acid	  sample	  matrix	  with	  expected	  103-‐104	  reduc/on	  in	  
volume	  
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210Pb	  determina/on	  by	  
coincidence	  measurement	  

•  For	  low	  detec/on	  limits,	  low	  background	  required:	  
coincidence	  methods	  are	  advantageous,	  however	  total	  
efficiency	  is	  a	  cri/cal	  issue	  

•  210Pb	  β-‐decay:	  emission	  of	  coincident	  (<3ns)	  γ	  at	  low	  energy	  
Eβ,max=	  17	  keV	  (Iβ=0.86)	  
Eγ	  =	  46.5	  keV	  (Iγ=0.04)	  

	  
Techniques:	  
•  Beta:	  Liquid	  scin/lla/on	  coun/ng,	  sample	  immersed	  into	  

liquid	  scin/llator;	  light	  detec/on	  by	  PMT	  
•  Gamma:	  Low-‐energy	  sensi/ve	  HPGe	  detector	  

4	  



Measurement	  setup	  

Sample	  vial	  

Acrylic	  light	  guide	  

HPGe	  detector	  

PMT	  ET	  9302KB	  
(not	  shown)	  

5	  



6	  

26	  cm	  
7	  cm	  

3.2	  cm	  

5.57	  cm	  

5.7	  cm	  
Sample	  vial	  

27	  mm	  x	  61	  mm	  
20	  ml	  volume	  

HPGe	  detector	  
30%	  eff.,	  55	  mm	  
diameter,	  0.5mm	  Be	  
window	  

Acrylic	  light	  guide	  

PMT	  ET	  9302KB	  
3”	  diameter	  
(not	  shown)	  



Expected	  performance	  
•  Efficiencies:	  
– Double	  HPGe:	  28	  %	  at	  46.5	  keV	  peak	  (simple	  es/mate)	  
–  Liquid	  scin/lla/on:	  ~	  30%	  (literature)	  
à	  Combined	  abs.	  efficiency:	  0.3	  %	  

•  Background:	  
– HPGe:	  measured	  ~	  0.015	  cps/keV	  (44-‐48	  keV	  window)	  
–  PMT:	  es/mated	  ~	  	  6	  cps	  
à	  Combined	  (tcoinc=50ns):	  1.8E-‐9	  cps	  (=	  0.000155	  cpd)*	  

•  Expected	  signal:	  
–  0.259	  cpd	  for	  1	  mBq/sample	  

*only	  chance	  coincidences	  …	  
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Samples	  

at	  22	  °C	   at	  ~	  10	  °C	  

•  Calibra/on	  source:	  	   	  210Pb	  (523	  +/-‐	  6	  Bq)	  
•  Background	  sample: 	  HNO3	  
•  Acrylic	  sample:	  	   	   	  HNO3	  +	  remainder	  from	  VapID	  25	  
•  Pure	  scin/llator	   	   	  -‐	  

	   	  +	  liquid	  scin/llator:	  Ul/ma	  Gold	  uLLT	  (PPO	  /	  bis-‐MSB)	  

BG	  	  	  	  	  	  	  	  Acrylic	   BG	  	  	  	  	  	  	  	  Acrylic	  

Liquid	  Scin/llator	  Selec/on	  
•  Sample	  load	  and	  stability	  
•  Quench	  resistance	  
•  Efficiency	  
•  Chemo	  +	  

photoluminiscence	  
	  
à	  Cooling	  required	  
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BG	  	  	  	  	  	  	  	  Acrylic	  

at	  ~	  15	  °C	  
aver	  2	  months	  and	  warm	  

for	  unknown	  /me	  



…	  at	  RHUL	  

PMT	  holder	  +	  light	  guide	  +	  sample	  vial	   Light	  guide	  +	  sample	  vial	  +	  cooler/heat	  pipe	  

PMT	  +	  wrapped	  light	  guide	   PMT	  ET	  9302KB	  (w/o	  base)	  



…	  at	  STFC	  Boulby	  

PMT	  holder	  +	  light	  guide	  +	  1	  HPGe	  

Full	  setup,	  par/ally	  shielded	   	  

Cleveland	  Potash	  Ltd.	  –	  Boulby	  Mine	  
STFC	  Underground	  Laboratory	  
1100	  m	  deep,	  2800	  m	  w.e.	  
Host	  to:	  ZEPLIN	  and	  DRIFT	  DM	  experiments	  



DAQ,	  analogue	  part	  Full	  setup	  

Sample	  placed	  Full	  setup,	  almost	  shielded	  



DAQ	  Setup	  
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HPGe:	  210Pb	  source	   HPGe:	  57Co	  source	  

LED/Pulser	  run	  

LeCroy	  waveSurfer	  Digital	  Oscilloscope	  
	  
Waveform	  acquisi/on	  
•  Max.	  recording	  rate	  10	  Hz	  (4	  channels)	  
•  Trigger	  rate	  (BG):	  0.6	  Hz	  
•  Classical	  troublemakers	  present:	  HF/LF	  

noise,	  microphonics,	  etc.	  
	  
Data	  analysis	  
Based	  on	  ROOT	  analysis	  scripts	  for	  MIT	  
NeutronVeto	  system	  	  

PMT	  1+2	  

Ge	  1+2	  
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42.8	  mV	  (1.2%)	  
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Δt	  between	  PMT1	  and	  Ge1	  
-‐	  Cal	  Source	  -‐	  

Δt	  between	  PMT1	  and	  Ge1	  
-‐	  LED	  pulse	  -‐	  

Δt	  between	  PMT1	  and	  PMT2	  
-‐	  Cal	  Source	  -‐	  

Coinc.	  	  
window:	  80	  ns	  

Pulse	  widths	  PMT1	  
-‐	  Cal	  Source	  -‐	  

large	  spread	  250	  ns	  

15	  



Calibra/on	  results	  (210Pb	  source)	  
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Energy	  cut	  

HPGe	  1	   HPGe	  2	  



Background	  sample	  HNO3	  (Apr/May’13)	  
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234Th	  

210Pb	  

HPGe	  1	   HPGe	  2	  

Full	  cuts	  applied	   Full	  cuts	  applied	  



Background	  UG	  only	  (June’13)	  	  
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Full	  cuts	  applied	   Full	  cuts	  applied	  

HPGe	  1	   HPGe	  2	  



Results	  in	  numbers	  

Calibra/on	  
Applying	  all	  cuts	  on	  energy	  and	  /ming	  (250	  ns	  /me	  window)	  results	  
in	  an	  absolute	  210Pb	  detec/on	  efficiency:	  0.395±0.016%	  	  
	  
Background	  (HNO3	  sample,	  April/May’13)	  
Live	  /me:	  5.9	  d	  
210Pb	  equivalent	  ac/vity:	  356	  mBq	  
	  
Background	  (UG	  sample,	  June’13)	  
Live	  /me:	  10.5	  d	  
210Pb	  equivalent	  ac/vity:	  320	  mBq	  
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Remaining	  ques/ons	  …	  

•  HPGe	  resolu/on	  
•  Compton	  background	  influence	  
•  Coincidence	  peak	  width	  
•  Scin/llator	  /ming	  
•  Sample	  contamina/on	  
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Possible	  improvements	  

•  DAQ:	  dynamic	  range,	  dead	  /me,	  trigger	  
•  Scin/llator	  and	  sample	  chemistry	  
•  Setup:	  sample	  vial,	  light	  transmission,	  PMT	  
•  Cooling	  system	  
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ADDITIONAL	  SLIDES	  
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decays will also be unity (see Fig. 8). If b1 were the only
component of the LS spectrum, then a linear extrapolation
to Y ¼ 0 would be expected (Baerg et al., 1976). However,
the presence of the other components in the LS spectrum,
particularly the strong peak corresponding to b1 and the
conversion electron in coincidence at about 45 keV (most
likely 210Pb decay mode), are expected to lead to a
quadratic extrapolation. This effect is predicted by various
models of the LS spectrum, and is well known from studies
of other b emitters with converted g-rays and/or multiple b
transitions (Baerg, 1981).

The challenge in applying this method to the present
210Pb measurements was that the lower-level discriminator
window on the LS spectrum was limited by detector noise
to roughly 8 keV b energy, which encompassed about 32%
of the b1 spectrum. Thus, the extrapolation to eb1 ¼ 1
covers a range twice as long as the data set. This adds
considerable uncertainty to the functional form of the
extrapolation. The only constraint that was placed on the
quadratic fit in Fig. 7, was that the curve not turn over
before reaching Y ¼ 0, which would be physically im-
possible since the total LS rate cannot decrease as eb1
increases. A linear extrapolation, also shown in Fig. 7, can
be considered an upper limit of the particle emission rate,
and leads to an intercept close to the upper 95.4%
confidence limit of the quadratic fit. A model-independent,
lower limit is determined by using the highest LS efficiency
data point measured, and scaling it slightly for the
measured eb. (The adjustment is small because only 4%
of b1 events occur without a chance to sum with a
conversion electron and only 33% of the total LS rate is

from 210Pb.) The resulting linear intercept does not account
for the subunity efficiencies for the other b transitions and
possibly even the detected a decay events, so it is certainly
an underestimate of the particle-emission rate.
The 210Pb activity was calculated from the massic

particle-emission rate under the assumption of secular
equilibrium for the 210Pb decay series. In this way, the
upper limit from the linear fit and the lower limit from the
scaling of the data for only the 17 keV b1 gave a range of
massic activities of 8.882–9.407 kBq g"1. Taking this range
to be a 100% uncertainty interval for a rectangular
distribution and combining the resultant standard uncer-
tainty with the other (o0.6%) sources of uncertainty, leads
to a massic activity value with expanded uncertainty
(k ¼ 2) of (9.1070.30) kBq g"1.
This massic activity value agrees with that of the LS-

based primary standardization to about 0.7%. Never-
theless, it was not deemed suitable for contributing directly
to the certified value of SRM 4337, due to the unacceptably
large range of extrapolation and the significant (2%)
disagreement between the linear and quadratic fits. More-
over, there is not strong enough justification for using a
quadratic fit over such a large range. Future improvements
in the low energy b efficiency and signal-to-noise ratio
should lead to better estimates for the massic activity.

3. Summary

The 210Pb radioactivity solution standards were certified
and will be disseminated as NIST SRM 4337 with the
following specifications:

ARTICLE IN PRESS

Fig. 8. Typical LS spectrum of a 210Pb source as obtained with the 4ab–g anticoincidence counting system, in terms of the counting rate R (without
background subtraction and arbitrarily normalized) versus spectral channel number N. The spectrum was made by overlaying data taken at three different
amplifier gains, to cover a large energy range in detail. Note the logarithmic horizontal axis, which distorts the apparent spectrum because the energy width
(Ei"Ei+1) of each channel DN is increasingly larger, given by the logarithmic energy difference DN ¼ log (Ei/Ei+1). The lowest energy component of the
spectrum is the 210Pb 17-keV b1 branch from 210Pb, which sits on the tails of the other components and extends down into single-photon and noise peaks.

L. Laureano-Pérez et al. / Applied Radiation and Isotopes 65 (2007) 1368–13801378
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