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άaƛƴŘ ǘƘŜ ƎŀǇέ

Snowmass CF Report

ά5abLέ άDнέ
 ά[ƛƎƘǘ 5aέ  άIŜŀǾȅ 5aέ
 ά{ŜŀǊŎƘ ²ƛŘŜέ ά5ŜƭǾŜ 5ŜŜǇέ

1 GeV
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 ά[ƛƎƘǘ 5aέ  άIŜŀǾȅ 5aέ
 ά{ŜŀǊŎƘ ²ƛŘŜέ ά5ŜƭǾŜ 5ŜŜǇέ

1 GeV

Quasi-background-
free Nuclear Recoil 
(NR) searches in 
multi-ton targets
Å Detector 

features:
ï Scalability
ï Background 

discrimination

Threshold for
S1+S2 searches
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άaƛƴŘ ǘƘŜ ƎŀǇέ

Snowmass CF Report

ά5abLέ άDнέ
 ά[ƛƎƘǘ 5aέ  άIŜŀǾȅ 5aέ
 ά{ŜŀǊŎƘ ²ƛŘŜέ ά5ŜƭǾŜ 5ŜŜǇέ

1 GeV

Quasi-background-
free Nuclear-Recoil 
(NR) searches in 
multi-ton targets
Å Detector 

features:
ï Scalability
ï Background 

discrimination

Background-
limited
Nuclear- and 
Electron-Recoil 
(ER) searches in 
kg-scale targets
Å Detector 

features:
ï Low 

threshold 
(eV to meV)

Limited by ER 
backgrounds
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Snowmass CF Report

ά5abLέ άDнέ
 ά[ƛƎƘǘ 5aέ  άIŜŀǾȅ 5aέ
 ά{ŜŀǊŎƘ ²ƛŘŜέ ά5ŜƭǾŜ 5ŜŜǇέ

1 GeV

Quasi-background-
free Nuclear-Recoil 
(NR) searches in 
multi-ton targets
Å Detector 

features:
ï Scalability
ï Background 

discrimination

Background-
limited
Nuclear- and 
Electron-Recoil 
(ER) searches in 
kg-scale targets
Å Detector 

features:
ï Low 

threshold 
(eV to meV)

?
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ά9ȄǇƭƻǊƛƴƎ ǘƘŜ 8B CEvNS ŦƻƎέ

Snowmass CF Report

Å Scalability
ï O(1) ton-year 

exposure

Å Low background
ï ER 

discrimination
ï Fiducialization

Å Low Threshold
ï ~3 MeV/c 

momentum
ï e.g.:

O(100) eV 
argon recoils

Detector Requirements

No existing technique meets these requirements
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Liquid Noble
Bubble Chambers

see arxiv:ннлтΦмнплл
(SBC Snowmass whitepaper)

Objective:
Quasi-background-free detection 
of sub-keV Nuclear Recoils

Signal:
Single bubble with little or no 
coincident scintillation

Backgrounds:
9wΩǎ όōŜǘŀΣ ƎŀƳƳŀύΥ
No bubbles

bwΩǎ όŦŀǎǘ ƴŜǳǘǊƻƴύΥ
Multiple bubbles
Strong coincident scintillation
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see arxiv:ннлтΦмнплл
(SBC Snowmass whitepaper)

Objective:
Quasi-background-free detection 
of sub-keV Nuclear Recoils

Signal:
Single bubble with little or no 
coincident scintillation

Backgrounds:
9wΩǎ όōŜǘŀΣ ƎŀƳƳŀύΥ
No bubbles

bwΩǎ όŦŀǎǘ ƴŜǳǘǊƻƴύΥ
Multiple bubbles
Strong coincident scintillation

Depends on NR threshold 
and target fluid:
ÅFreon-based chambers

ER-blind @ ~3 keV
ÅLiquid-noble chambers

ER-blind @ < 500 eV,
          (target 100 eV)
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Why Bubble Chambers?
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ÅBy choosing superheat parameters appropriately (temperature and 
pressure), bubble chambers are blind to electronic recoils (10-10 or 
better)

ÅBubble formation requires two things:
ÅEnough energy
ÅEnough energy density ς length scale must be comparable to 

critical bubble size

Electron recoil deposition is too diffuse!



Why Liquid Noble Bubble Chambers?
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άXenon, being predominantly a 
monatomic medium, has no 
rotational or vibration atomic 
oscillation modes, and as a result, it 
is effectively converting the energy 
of d-electrons into light 
(scintillation). To convert the energy 
of scintillation into localised heat 
and enhance the formation of 
bubbles, molecular admixtures of 
ethylene or propane have been used 
in LXe ōǳōōƭŜ ŎƘŀƳōŜǊǎΦέ

Bolozdynya, Alexander I.Emission Detectors. Singapore:World Scientific,2010.
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Why Liquid Noble Bubble Chambers?
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30-gram xenon prototype

No observed onset of ER events down to 500 eV!

2410.07241v2
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Why Liquid Noble Bubble Chambers?

No molecular 
degrees of freedom

No mechanisms for 
local heating by 

electrons

No bubbles from ERs

2410.07241v2

No observed onset of ER events down to 500 eV!
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Performance at low threshold ςERs

?

Existing data limited by pressure capability of prototype

0.04

Homogeneous nucleation
(1 bubble / ton-yr in LAr)

2410.07241v2
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October"15,"2012" Russell"Neilson"

ÅBubble chambers are threshold detectors
ïWe know we saw a bubble, but not the energy that created it

ïSensitivity to dark matter depends crucially on the threshold

ÅThreshold calculation from Seitz, Phys of Fluids 1, 2 (1958)

ÅAssumes step function above threshold
ïCalibration required!
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Performance at low threshold ς NRs



Å Neutron Scattering
ïC3F8 @  3 keV:

ENRthreshold Ғ мΦр × Qseitz

[Ali et al. Phys Rev D 106, 122003, 
(2022)]

ïXe @ 1.5 keV:
ENRthreshold Ғ мΦо × Qseitz

ÅMD Simulations
ïL-J Fluid @ 3,000 e

(Ar @ 40 eV):
ENRthreshold Ғ мΦр × Qseitz

[Denzel, Diemand, Angélil. Phys Rev 
E 93, 013301 (2016)]
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2410.07241v2

Performance at low threshold ς NRs



LIDINE 2017 2024
SBC-LAr10
(Fermilab LDRD 2018-003,
with support from
DOE-HEP Det R&D,
NSF Particle-Astro, and CFI)

Å Designed for 40 eV operation
(stat mech stability limit)

Å Primary target:  LAr
(Xe, CF4, N2 also possible)

Å Design scalable to 1-ton
(can do physics at 10-kg)

Å To be calibrated at
O(10)-eV resolution

Scin%lla%ng	Bubble	
Chambers	for	
WIMPs	and	

Reactor	CEvNS	

Eric	Dahl	
Northwestern	University	

Fermilab	
	

Novel	Instrumenta%on	for	
Fundamental	Physics,	Nov	2018	

ς65	to	ς50	°C	
superheated	

ς105	°C	
normal	

Mirrors	

To	hydraulic	controller	

PMT	

Camera	

LXe	

IR
	illu

m
in

a@
o
n
	

Vacuum	Cryostat	

Piezo	
Scin@lla@on	&	
Bubble		

Muon	paddle	

ς65	to	ς50	°C	
superheated	

ς105	°C	
normal	

Mirrors	

To	hydraulic	controller	

PMT	

Camera	

LXe	

IR
	illu

m
in

a@
o
n
	

Vacuum	Cryostat	

Piezo	
Scin@lla@on	&	
Bubble		

Muon	paddle	

Piezo	
IR	LED	
VUV	SiPM	

Ar	+		
10ppm	Xe	

CF4	
130	K	

90	K	

n,c

(NR)

g

(ER)

Piezo
IR LED
VUV SiPM

33



H
e
ct

o
r 

H
a
w

le
y-H

e
rr

e
ra

v
ǳ
Ŝ
Ŝ
ƴ
Ω
ǎ
 
t
Ƙ
Φ
5
Φ
 
{
ǘ
ǳ
Ř
Ŝ
ƴ
ǘ

34



R
ya

n
 Z

h
a

n
g

 (
U

C
S

B
 P

h
D

 s
tu

d
e

n
t)

a
n

d
 B

e
n

 B
ro

e
rm

a
n ό
v
ǳ
Ŝ
Ŝ
ƴ
Ω
ǎ
 
Ǉ
ƻ
ǎ
ǘ
Ř
ƻ
Ŏ
ύ

35



CF4 Fill/Drain Standpipe
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SBC-LAr10: August 2024
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The mirror ŎǊŀŎƪΩŘ ŦǊƻƳ ǎƛŘŜ ǘƻ ǎƛŘŜΧ

40

Å Detector was assembled inside 
the pressure vessel before 
transportation UG

Å Leak observed UG in August 
2024

Å Concluded long planned 
cryogenic review in November

ï Leak much worse after cool 
down

Å Disassembly in clean room 
ǎƘƻǊǘƭȅ ǘƘŜǊŜŀŦǘŜǊΧ



We have another mirror!

41

Å Many causes were considered and ruled out, 
including
ï Thermal contraction

ïMiscalculated torque on flange

ïBreakage during transport

Å Our conclusion: 
ï Movement of the inner jar (sliding on the PTFE 

pad) ς off-concentricity

ï With thermal contraction - steel came into contact 
with quartz

Å Second pair of jars now installed
ï Concentricity restraints incorporated into design

Å Reconnecting instrumentation, closing up again 
hopefully in April
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Liquid Noble
Bubble Chambers

see E. Alfonso-Pita,
Universe 9, 346 (2023)

Objectives for SBC-LAr10 
in MINOS:

ÅDemonstrate operation 
of physics-scale liquid-noble 
bubble chamber

ÅDetermine maximum 
superheat for ER-blind 
operation

ÅCalibrate Threshold
for NR detection, @ 100 eV, 
with 10 eV resolution
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Calibration Strategies
(for the ER-blind)

Photo-neutron Sources
( > 500 eV recoils)
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Thermal neutron Capture
(~400 eV recoils)

Photon-nucleus Scattering
( < 300 eV recoils)
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SBC Strategy:  Build two detectors

ÅWhat superheat can be 
achieved in LAr while 
keeping ER discrimination?

ÅWhat is the calibrated NR 
threshold at that 
superheat?

@Fermilab (2018 ς 2026) @SNOLAB (2019 ς 2028)
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SBC-LAr10: SNOLAB
CFI-supported, radiopure clone 
of SBC-LAr10

ÅPV Fabrication in final 
stage
ïWith lessons learned 

from FNAL engineering 
run

ÅShield design being 
updated

On to Dark Matter
PICO-40L

CUTE, SuperCDMS
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Summary
Dark matter might live here

and if it doesΧ

Χthis will be the tool to find it.
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Backup
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Thermal neutron capture
     40Ar(n,g)      41Ar

Å6 MeV gamma cascade
ïVisible in SBC-LAr10 

via scintillation
ïAlso useful for DUNE!

Å41Ar nuclear recoil (~300 
eV)
ïVisible in SBC-LAr10

via bubble nucleation
Recoil Energy [eV]

41Ar 37Ar

Calibration Strategies
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Calibration Strategies

Photon-nucleus Scattering
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Mock analysis based on 
simulated bubble rates with a 
suite of three gamma sources

όŀǎǎǳƳŜǎ ƴƻ ƴǳŎƭŜŀǘƛƻƴ ōȅ 9wΩǎύ 
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SiPM (Hamamatsu VUV4) Performance

1PE

2PE

3PE

SiPM /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ Ϫ vǳŜŜƴΩǎ
(Hawley-Herrera et al, arXiv:2405.18403)

In high-pressure, cryogenic LCF4 @ NU
(Sheng + de SaintCroix)
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Scintillation:  Doping

ÅSilica jars opaque to 
128nm Ar scintillation

Å10ppm Xe sufficient to 
exchange Ar2* for Xe2*
ï175nm, jars transparent

ïExpect 1 photon 
detected for ~5-keV NR A. Neumeieret al 2015 EPL 109 12001 
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^ Simulated Image
    (MA Khatri, Northwestern )

<- Real Image
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Lab B, Fermilab Silicon Detector Facility
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Vacuum Jacket

Pressure Vessel
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Closed-loop LN2 
Thermosiphons 
deliver cooling 
where we need it

Design/Inspiratio
n Credit:  LUX, LZ
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