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•  We	have	built	
dichotomies:	
–  in	our	language	
–  in	our	technology	
	
Both	with	good	
reason…	
…but	the	two	don’t	
match.	

“Mind	the	gap”	
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	“DMNI” 	“G2”	
	“Light	DM” 		“Heavy	DM”	

	“Search	Wide” 	“Delve	Deep”	

Threshold	for	
S1+S2	searches	

1	GeV	

?	



•  Requirements:	
–  Scalability	

•  O(1)	ton-year	
–  Threshold	

•  ~3	MeV/c	recoil	
momentum	

–  Backgrounds	
•  ER	Discrimina2on	
•  Fiducializa2on	

Exploring	the	8B	CEvNS	fog	
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E.g.,	n=2	in	Ar	fog	@	1	GeV	requires	
§  1	ton-year	exposure	
§  100	eV	recoil	energy	threshold	
§  non-CEvNS	bkg	<	1	event	/	ton-year	

Background-limited,	
ioniza2on-only	NR	searches	

	
	

No	opera(ng	tech	meets	all	three	requirements!	
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30-gram	xenon	prototype	
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Depends	on	NR	threshold	
and	target	fluid:	
•  Freon-based	chambers	
ER-blind	@	~3	keV	

•  Liquid-noble	chambers	
ER-blind	@	<	500	eV,	
										(target	100	eV)	



Performance	at	Low	Threshold	–	ER’s	
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(nuclea2on	by							Auger	cascades)	

ER’s	in	PICO	(nuclea;on	suppressed	by	low	dE/dx)	

Lack	of	ER’s	in	LXe	
	
(nuclea;on	
suppressed	by	
radia;ve	losses)	
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ERs	
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No	bubbles	

“Xenon,	being	predominantly	a	
monatomic	medium,	has	no	
rota2onal	or	vibra2on	atomic	
oscilla2on	modes,	and	as	a	result,	it	
is	effec2vely	conver2ng	the	energy	
of	δ-electrons	into	light	
(scin2lla2on).	To	convert	the	energy	
of	scin2lla2on	into	localised	heat	
and	enhance	the	forma2on	of	
bubbles,	molecular	admixtures	of	
ethylene	or	propane	have	been	used	
in	LXe	bubble	chambers.”	

Bolozdynya,	Alexander	I.	Emission	Detectors.	Singapore:	World	Scien2fic,	2010.	
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Exis;ng	data	limited	by	pressure	capability	of	prototype	

0.04	

Homogeneous	nuclea;on	
(1	bubble	/	ton-yr	in	LAr)	



Performance	at	Low	Threshold	–	NR’s	
•  Neutron	ScaXering	

–  C3F8	@		3	keV:	
ENRthreshold	≈	1.5	×	Qseitz	
	[Ali	et	al.	Phys	Rev	D	106,	122003,	
(2022)]	
	

–  Xe	@	1.5	keV:	
ENRthreshold	≈	1.5	×	Qseitz	
	

•  MD	Simula2ons	
–  L-J	Fluid	@	3,000	ε	

(Ar	@	40	eV):	
ENRthreshold	≈	1.5	×	Qseitz	
	[Denzel,	Diemand,	Angélil.	Phys	Rev	
E	93,	013301	(2016)]	

4.8	keV	NR	
endpoint	

(Xe	NR	analysis	by	D.	Durnford)	

QSeitz	=	1.48	keV	



SBC-LAr10	
More inner assembly

- Test fit of the SiPM panels into the HDPE 
castle

- Still missing some screws
- Clocking not correct at the moment

IV

- Reassembled: Jars, bellows, teflon 
spacers, spring-energized PTFE seal  

- Thinking about spacing measurements
- Working on more detailed assembly 

document

^SiDet	Lab	B	(Fermilab)	

<-	inner	assembly	@	Queen’s	
(now	@	SiDet)	

At	a	glance:	
•  10kg	LAr	target	

–  Xe,	CF4,	N2	also	possible	in	same	device	
•  Designed	to	operate	@	Q	=	40	eV	
•  Scin2lla2on	detec2on	system:	

1	phd	/	5	keVr	(g1	≈	0.02)	(simulated)	
	

•  Deploying	in	MINOS	tunnel	@	Fermilab	
•  Objec2ves:	

–  Determine	max	ER-blind	superheat	in	LAr	
–  Calibrate	NR	response	

•  down	to	100	eV	
•  with	10	eV	resolu2on	

	
Supported	by	Fermilab	LDRD	and	Detector	R&D	



SBC-LAr10	–	Engineering	Run	
Dec	2022	–	March	2023,	@	SiDet	(Fermilab)	
•  100kg	LAr	condensed	in	pressure	vessel	;	no	inner	assembly	
•  Demonstrated:	

–  Thermal	performance:	cooling	power,	base	temperature,	thermal	gradient	
–  Pressure	control:	0.01	bara	precision	in	single-phase	(liquid)	state	
–  Slow	Controls	and	automa2on	–	pressure	cycling!	
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SBC-LAr10:		Inner	Assembly	
IV

- Reassembled: Jars, bellows, teflon 
spacers, spring-energized PTFE seal  

- Thinking about spacing measurements
- Working on more detailed assembly 

document

•  Built	and	tested	@	Queen’s	
–  Key	test:		cryogenic	

performance	of	jar	seals	
•  Now	@	Fermilab	
–  Installa2on	begins	April	11	



and	much	more	…	

^	SiPM	Performance	in	
high-pressure	LCF4	with	

full	electronics	chain	

Hamamatsu	VU
V4	

•  Electronics	and	DAQ	
–  SiPM	characteriza2on	
–  SiPM	amplifiers	and	digi2zers	
–  Bubble	chamber	op2cs	and	illumina2on	
–  Image	acquisi2on	
–  Acous2c	sensors,	amplifiers,	and	digi2zers	
–  Cryogenic	QA	of	all	of	the	above	
–  Trigger	logic	and	Run	Control	

•  Simula2ons	and	Backgrounds	
–  Scin2lla2on	light	collec2on	
–  LCF4	Scin2lla2on	light	yield	

measurements	
–  Surface	nuclea2on	studies	
–  Backgrounds	in	MINOS	tunnel	

Many	students	working	many	hours	to	bring	this	together!	



Calibra2on	Strategies	
(for	the	ER-blind)	

Photo-neutron	Sources	
(	>	500	eV	recoils)	

γ

9Be	 Pl
ot
	c
re
di
t:	
	E
.	A

lfo
ns
o	

Thermal	neutron	Capture	
(200	–	500	eV	recoils)	

Photon-nucleus	ScaXering	
(	<	300	eV	recoils)	

γ

D.
	D
ur
nf
or
d,
	M

Sc
	T
he

sis
	

hX
p:
//
hd

l.h
an
dl
e.
ne

t/
19

74
/2
48

78
	

Pl
ot
	c
re
di
t:	
	N
.	L
am

b	



Calibra2on	Strategies	

Photon-nucleus	ScaXering	
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Mock	analysis	based	on	
observed	bubble	rates	with	a	
suite	of	three	gamma	sources	
	
(assumes	no	nuclea2on	by	ER’s)		



SBC-LAr10:	SNOLAB	
CFI-supported,	radiopure	clone	of	
SBC-LAr10	

•  Major	procurements	underway	
–  With	lessons	learned	from	

FNAL	engineering	run	
	

•  SNOLAB	TDR	planned	for	Fall	
2023	
–  Rapid	progress	towards	cri2cal	

TSSA	approvals	
–  Mul2ple	shield	op2ons	under	

considera2on	

On	to	Dark	MaXer	 PICO-40L	

CUTE,	SuperCDMS	



•  As	a	field,	we	don’t	(yet)	know	
how	to	delve	deep	at	1	GeV	

•  Liquid	Noble	Bubble	Chambers	
–  Scale	to	ton-yr	exposures	
–  Discriminate	@	low-threshold	

•  SBC-LAr10	@	Fermilab…	
–  will	tell	us	how	low	in	threshold	

discrimina2on	persists	
–  will	turn	on	in	FY24	

•  SBC-LAr10	@	SNOLAB	gearing	up	
for	our	first	DM	search	

Summary	


