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Overview

● Towards Low-Mass WIMPs

● Introduction to (Scintillating) Bubble Chambers

● The SBC Experiment

● Conclusions
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Towards Low-Mass WIMPs

Requirements for Low-Mass WIMP Detectors:

● Low Threshold:
○ sub-keV NR’s

● Exposure:
○ Scalable to O(100) kg

● Backgrounds:
○ Strong ER/NR Discrimination 

(10E-6 or stronger)
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How Bubble Chambers Work

Standard Fluid

Superheated Fluid

Superheated
Fluid



7

D
is

co
ve

ry
,

ac
ce

le
ra

te
d

How Bubble Chambers Work

Standard Fluid

Particle Interaction, Bubble Nucleating

Superheated
Fluid
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How (Scintillating) Bubble Chambers Work

Standard Fluid

Bubble Nucleating + Scintillation

Superheated
Scintillator



9

D
is

co
ve

ry
,

ac
ce

le
ra

te
d

Key Considerations

● Critical Radius: 
Smallest vapor bubble that will spontaneously 
grow in a superheated liquid.

● Seitz Threshold: 
Minimum amount of energy required to create 
a vapor bubble with a critical radius.

● NR/ER Response: 
NR leads to Nucleation, can ER also induce 
Nucleation?
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Key Considerations

● Critical Radius: 
Smallest vapor bubble that will spontaneously 
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a vapor bubble with a critical radius.
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NR leads to Nucleation, can ER also induce 
Nucleation?          = 3.19 keV
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Key Considerations

● Critical Radius: 
Smallest vapor bubble that will spontaneously 
grow in a superheated liquid.

● Seitz Threshold: 
Minimum amount of energy required to create 
a vapor bubble with a critical radius.

● NR/ER Response: 
NR leads to Nucleation, can ER also induce 
Nucleation?          = 3.19 keV
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ER Discrimination vs Threshold

● NR’s Nucleate Bubbles: 
Superheat = NR single/multiple 
bubbles.

● ER’s don’t Nucleate Bubbles: 
Superheat = dE/dx threshold for ER’s

● No Evidence of Nucleation 
by ER in Xenon: 
900 eV Threshold.
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The Experimental Strategy

Combine the electron recoil discrimination of 
bubble chambers 

+ 

the event-by-event energy resolution and 
low-thresholds of scintillation detectors.
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How Low (In Threshold) Can SBC Go?

● ER’s can lose ~10% 
energy to heat.

○ Consistent with historic 
results from LAr bubble 
chamber, with tracks at 
O(10) eV in threshold.

● Thermal Fluctuations 
have to be considered at 
O(10) eV in threshold. 

○ SBC design target is 1 
bubble / ton-year at a 
threshold of 40 eV (LAr).
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SBC Detector Goals

● Demonstrated
○ Liquid Xenon Bubble Chamber at 900 eV Eth
○ Target Mass = 30 grams
○ 0.3% Overall Photon Collection Efficiency

● Next Program
○ Liquid Argon Bubble Chamber at 40 eV Eth
○ Target Mass = 10 kg
○ ER Background of 1 Bubble / Ton-Year 

(thermal fluctuations)
○ 2% Overall Photon Collection Efficiency 

(1-photon ~ 5 keVr)
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SBC Detector Overview

● Single fluid, “right-side-up” geometry 
with thermal gradient. 

● Target is 10 kg of LAr + 
O(100) ppm Xe. (178 nm).

● Pressure cycles 20-360 PSIA.

● Events detected by: Cameras, 
Piezos acoustic sensors, 
Si-Photomultipliers (SiPMs).

● SiPMs immersed in hydraulic fluid
(CF4 at 130 K)
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Ongoing Construction

Piston
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Ongoing Construction

SBC Outer Vessel 

SBC Pressure VesselPiston
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Ongoing Construction

VUV Hamamatsu SiPMs

Piezo Acoustic Sensors

Camera For Bubbles

SBC Outer Vessel 

SBC Pressure VesselPiston
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SBC Calibration Program

arXiv:1602.05911

● Challenges:
○ Maximum rate ~1k bubbles / day
○ No energy information below 5 

keVr (with current SiPM coverage)

● Advantages:
○ Ability to go gamma-blind, using a 

photo-neutron source.
○ mm-resolution spatial 

reconstruction 
(use multiple scattering)
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SBC Strategy: Building Two Detectors

● Construct two SBC detectors.

● Fermilab (now-2022): 
○ Measure the bubble nucleation 

probability for ER’s.
○ Determina nuclear recoil sensitivity.

● SNOLAB (2021-2023): 
○ Low-Mass Search

 
● SBC-CEvNS (2022-2024):

○ Reactor CEvNS demonstrator.
○ Use Fermilab chamber.
○ Investigating reactor sites (Mexico)
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Conclusions
● Scintillating Bubbles Chambers provide a scalable, ER blind, 

detection technique for low-mass WIMPs (with sub-keVnr 
thresholds).

● Calibration studies of the next LAr (+100 ppm Xe) Bubble 
Chamber (Fermilab) expected by 2021/2022.

○ Designed target threshold of 40 eV.

● The preparation at SNOLAB as started, with the second 
Bubble Chamber expected to be commissioned 
underground in 2021.

○ First WIMPs results by 2022.

● Investigating possible sites for reactor CEvNS demonstrator.

● Gearing up for future tonne-scale SBC-SNOLAB.
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Scintillating Bubble Chamber History

● 1956 - Glaser finds pure xenon doesn’t work (for tracks).

● 1962 - Stump & Pellett and in 1981 Harigel, Linser and Schenk tried Ar / N2 chamber 
prototypes. Pure argon requires O(10 ev) threshold to observe tracks.

● 2016 - First observation of simultaneous bubbles + scintillation in pure xenon (NR’s only).

● 2017 - Xenon chamber pushed to 900 eV thresholds, still no evidence of ER induced 
nucleation. 10-kg Argon chamber is proposed to Fermilab LDRD.

● 2018 - SBC collaboration is formed, and the 10-kg Arcon chamber conceptual design is 
completed.
 

● 2019 - 10-kg Argon chamber technical design completed, start of construction. 
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The SBC Detector
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NR Single/Multiple Bubble Nucleation
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LAr + Xe Doping 
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Acoustic-Scintillation Coincidence
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