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Radon	

2	Emission	Spectrum:		
hLps://nist.gov/srd/PDFfiles/jpcrd690.pdf	

• RadioacUve	noble	gas	
• From	the	decay	of	natural	uranium	and	thorium	

Steadily	sourced	and	
everywhere	

• Radon	progeny	can	plate-out	onto	surfaces	 Contaminates	detectors	
and	their	housings	

• 210Pb	daughter	has	a	22	year	half-life	 Exceeds	lifeUme	of	
experiments	

• Decay	chains	emit	α’s,	β’s,	γ’s,	and	recoiling	nuclei	 Limits	dark	maLer	and	
other	rare-event	searches	
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SensiUve	radiopurity	
measurements	required	
(beyond	commercial	availability)	
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Front	Panel	
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Front	Panel	
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Acquired	a	
78	Bq	Pylon	
flow-through	

source	



Ultra-Low-Background	ProporUonal	Counter	

Prototype	(2-2)	 New	Detector	(2R01)	

+  Electroformed	Cu	
+ OperaUon	in	underground	
-  Too	valuable	to	contaminate	

14	Dan	Jardin	

+  Electroformed	Cu	
-  Higher	background	
+ No	big	loss	if	contaminated	

ULBPC	expects	high	radon	detecUon	efficiency	&	near-zero	background	



Uncalibrated	Data	
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Detector	

Preamp	

ALenuator	

DigiUzer	

1665							1822		1921				2010							2115												2250									ß	Bias	(V)	
				0													6								11								16												22																30											ß	ALenuaUon	(dB)	 5.5	MeV,	6.0	MeV,	7.7	MeV	



Post-CalibraUon	
•  All	voltage	biases	on	the	same	scale	
•  Peaks	align	as	expected	
•  ResoluUon	degrades	as	voltage	increases	

Dan	Jardin	 16	

degrading	
resoluUon	



Prototype	Background	
•  Full	ROI:	10	events/day	is	too	high	

o  Result	of	falling	background	shape	and	210Po	peak	
•  Focus	on	cleanest	part	of	spectrum	for	our	tests	
•  214Po	ROI:	4	counts	/	888	hours	≈	0.1	d-1	
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222Rn	
218Po	

214Po	

210Po	peak	indicates	long-lived	
210Pb	contaminaUon	

210Pb	ContaminaUon	



Prototype	ROI	
•  Source	AcUvity	=	1.18	±	0.03	Bq	
•  Full	ROI	Rate	=	1.6	±	.003	Hz	
•  214Po	ROI	Rate	=	0.16	±	0.001	Hz	
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222Rn	
218Po	

214Po	

apparent	efficiency	>	100%		
means	

detec,on	efficiency	is	high	



SensiUvity:	Background	&	Efficiency	
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Small	Chamber	Background	
•  Chamber	etched	clean	
à	expect	low	rate	

•  Emanated	small	
chamber	for	14	days	

•  214Po	ROI:	34	counts	/	163	hr	
= 5	d-1	à	50x	detector	bg	

•  Further	measurements	
required	to	establish	
origin	
o  Chamber	or	panel?	

Dan	Jardin	 20	

222Rn	
218Po	

214Po	



Isolated	Panel	
•  Repeated	previous	
procedure	with	no	
emanaUon	Ume	

•  214Po	ROI:	29	counts	/	237	hr	

= 3	d-1	à	30x	detector	bg	

•  Most	of	the	background	
is	from	panel	not	the	
chamber	
o  Anything	could	be	a	source	
o  How	much	work	will	it	take	to	

idenUfy	and	solve	problem?		

Dan	Jardin	 21	

222Rn	
218Po	

214Po	



Modified	Panel	
•  Excluded	suspicious	
components	
o  Helium	triple	filter	
o  Silica	trap	
o  Small	chamber	

•  214Po	ROI:	1	count	/	184	hr	
= 0.13	d-1	

•  Result	consistent	with	
detector	background							
à	problem	removed!	
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222Rn	
218Po	

214Po	

Panel	background	is	small	



Small	Chamber	Background	(retry)	
•  Emanated	small	
chamber	for	18	days	

•  214Po	ROI:	3	counts	/	160	hr	

= 0.45	d-1	
o  Not	as	high	as	panel	

background	before	
modificaUon	

•  Strange	Uming	for	3	
events	in	ROI	
o  Expect	exponenUal	rate	
o  Evidence	of	radon	carryover	

Dan	Jardin	 23	

210Po	peak	indicates	
long-lived	210Pb	
contaminaUon	

Suggests	Blank	Rate	of	100-200	μBq	



Large	Chamber	Efficiency	
•  Source	AcUvity	=	1.98±0.05	Bq	
•  Full	ROI	Rate	=	1.56±0.001	Hz	
•  214Po	Overall	Efficiency	=	8.08±0.14	%	
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apparent	efficiency	<	100%		
indicates	

transfer/load	efficiency	is	lower,	
believe	we	can	improve	this	

222Rn	
218Po	

214Po	



Large	Chamber	Background	
•  Emanated	large	chamber	for	13	days	
•  214Po	ROI:	1	counts	/	5.7	days	≈	0.18	d-1	

o  Assume	100%	uncertainty	for	upper	bound	
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Blank	Rate	
<100	μBq	

or	
<50	Rn	atoms	in	
equilibrium	

210Po	peak	indicates	
long-lived	210Pb	
contaminaUon	



Large	Chamber	Background	
•  Emanated	large	chamber	for	13	days	
•  214Po	ROI:	1	counts	/	5.7	days	≈	0.18	d-1	

o  Assume	100%	uncertainty	for	upper	bound	
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Blank	Rate	
<100	μBq	

or	
<50	Rn	atoms	in	
equilibrium	

210Po	peak	indicates	
long-lived	210Pb	
contaminaUon	

Comparable	to	the	
best	radon	emanaUon	
systems	in	the	US!	



Room	to	Improve	
•  New	detector	operated	underground	
•  Suggests	opUmal	energy	range	

Dan	Jardin	 27	

Energy	ROI	 Background	 Signal	

1-8	MeV	 1.07±0.27	d-1	 86.8±0.9	mHz	

2-8	MeV	 0.56±0.21	d-1	 72.0±0.8	mHz	

CalibraUon	sample	=	50	mBq	

Background	run	<	10	μBq	



Summary	
•  The	PNNL	Radon	EmanaUon	System	works!	
•  Can	now	do	radon	assays	at	a	compeUUve	
sensiUvity	level	
o  Using	214Po	ROI	in	prototype	operated	above	ground	

•  Either	the	silica	trap	or	the	helium	filter	is	a	
hot	background	source	

•  New	ULBPC	operated	underground	shows	
potenUal	for	further	improvement	

Dan	Jardin	 28	



Backup	Slides	
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Inter-run	Carryover?	
•  InteresUng	result:	small	chamber	background	run	immediately	auer	

high-Rn	efficiency	transfer	shows	strange	Ume	signature	
•  Hypothesis:	caused	by	Rn	diffusing	into	detector	parts	

o  PlasUc	parts	and	o-rings	most	likely	candidates	
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Measuring	Carryover	
Stopped	previous	run,	rinsed	detector	and	loaded	with	P10	blank	for	
background	run.	
Goal	was	to	let	the	diffusion	finish	and	then	watch	the	Rn	decay	away	
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Large	Chamber	Background	
•  Emanated	large	chamber	for	18	days	
•  214Po	ROI:	3	counts	/	5.5	days	≈	0.55	d-1	

o  None	in	first	2.4	days	à	evidence	of	something	else	
o  ConservaUvely	assume	all	3	are	from	chamber	

Dan	Jardin	 33	

Blank	Rate	
100-200	μBq	

or	
50-100	Rn	atoms	
in	equilibrium	

210Po	peak	indicates	
long-lived	210Pb	
contaminaUon	



Future	Plans	
•  OpUmize	assay	

o  Transfer	efficiency	
o  Demonstrate	reproducibility	
o  Automate	the	procedure	

•  AddiUonal	background	measurements	of	each	
chamber	

•  CharacterizaUon	of	detecUon	efficiency	
•  Perform	first	radon	emanaUon	assays	

o  Materials	of	construcUon	for	low-radon	storage	and	shipping	
containers	for	SuperCDMS	detectors	

o  WeLed	components	for	large	liquid	noble	detectors	

34	Dan	Jardin	
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Other	Angles	
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“The	
Brain”	

Back	
Panel	

α-counter	
(separate	experiment)	



Energy	CalibraUon	
1.  Fit	each	peak	with	a	

Gaussian	funcUon	
2.  Plot	center	of	peaks	

against	expected	
energy	
o  Include	241Am	peak	to	

constrain	low	energy	

3.  Linearly	fit	and	extract	
parameters	

Dan	Jardin	 37	

5.5	MeV,	6.0	MeV,	7.7	MeV	

222Rn	
218Po	

241Am	

214Po	



Energy	CalibraUon	
1.  Fit	each	peak	with	a	

Gaussian	funcUon	
2.  Plot	center	of	peaks	

against	expected	energy	
o  Include	241Am	peak	to	

constrain	low	energy	

3.  Linearly	fit	and	extract	
parameters	

4.  Extract	linear	
parameters	and	plot	for	
each	bias	

5.  Describe	fit	parameters	
as	funcUon	of	bias	
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Radon	in	SuperCDMS	
•  Recoil	events	on/near	surface	of	SuperCDMS	
detectors	can	mimic	dark	maLer	signal	

•  Increase	in	210Pb	background	from	radon	
could	be	dominant	and	limit	sensiUvity	for	
low-mass	dark	maLer	

Dan	Jardin	

Surface	β’s	
206Pb	Recoils	
Bulk γ-rays	

CNS	
Neutrons	

Ge	AcUvaUon	
Total	
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Closer	look	at	Rn016	efficiency	
•  Showing	efficiency	as	a	funcUon	of	lower	
energy	cutoff	–	high	end	is	always	8	MeV	
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Closer	look	at	Rn016	efficiency	
•  Showing	efficiency	as	a	funcUon	of	lower	
energy	cutoff	–	high	end	is	always	8	MeV	
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Rn024:	bg	of	new	detector	
•  Above	ground,	uncalibrated	
•  Difference	from	Rn022	is	raw	traces	were	saved	à	2	
high	energy	pulses	were	removed	using	PNNL	ROOT	
tools	
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Rn026:	new	det	bg	rates	undgd	
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Rn029:	new	det	undgd	eff	
•  SelecUng	2-8	MeV	instead	of	1-8	MeV	is	only	a	
small	hit	in	efficiency	
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OOR:	Out	Of	Range	
PSD:	Pulse	Shape	
Discriminator	



Rn033:	lg	chamber	eff	
•  Leu	is	pulse	shape	parameter	

o  Events	above	the	line	were	removed	

•  Right	is	resulUng	spectrum	
o Magenta	events	were	removed,	gray	events	remain	
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ESSE:	Exemplar	Sum	
of	Squared	Error	



Rn034:	lg	chamber	eff	
•  Leu	is	pulse	shape	parameter	

o  Events	above	the	line	were	removed	

•  Right	is	resulUng	spectrum	
o Magenta	events	were	removed,	gray	events	remain	
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ESSE:	Exemplar	Sum	
of	Squared	Error	



Rn035:	sm	chamber	bg	
•  First	Ume	we	saw	evidence	of	hystereUc	background	
•  Leu	is	pulse	shape	parameter	

o  Events	above	the	line	were	removed	
•  Right	is	resulUng	spectrum	

o  Magenta	events	were	removed,	gray	events	remain	
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ESSE:	Exemplar	Sum	
of	Squared	Error	



Rn036:	detector	carryover	
•  Leu	is	pulse	shape	parameter	

o  Events	above	the	line	were	removed	

•  Right	is	resulUng	spectrum	
o Magenta	events	were	removed,	gray	events	remain	

48	Dan	Jardin	

ESSE:	Exemplar	Sum	
of	Squared	Error	


