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Bubble Chambers

● Established DM search technique 
(>10 years) e.g. PICO 500, 60L ...

● Signal: one bubble in a super 
heated liquid

● ERs does not make bubbles
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Scintillating Bubble Chamber (SBC)

Combine the electron recoil 
discrimination of bubble chambers with 
the event-by-event energy resolution of 

scintillation detectors.
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30g LXe SBC Prototype at NU 
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IR-blind PMT



Electron Recoil Discrimination
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Electron Recoil Discrimination
● Liquid nobles Vs 

molecular fluids: No 
molecular bonds → no 
efficient way to locally 
turn ER energy into heat

● Hypothesis: liquid nobles 
can be superheated to 
near the thermodynamic 
limit without encountering 
bubble nucleation by ERs
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If these thresholds can indeed be achieved while maintaining insensitivity to backgrounds, the 
impact on both WIMP and CEvNS detection would be enormous. A 100-eV argon recoil 
detection threshold extends WIMP sensitivity to masses an order of magnitude lower than xenon 
TPCs (LZ), while the scalability and discrimination of the bubble chamber technique enables 
much larger background-free exposures than SuperCDMS-HV. The WIMP sensitivity of a 5-liter 
chamber (the proposed size for this LDRD) with a 1-year exposure and only the coherent 
neutrino scattering background is shown in Fig. 2, along with the reach of a ton-year exposure in 
a PICO-500 scale device. Sub-keV thresholds in argon and xenon also allow detection of CEvNS 
from reactor neutrinos, also shown in Fig. 2. In fact this is the only scalable, discriminating 
nuclear recoil detection technology proposed with the potential for CEvNS detection at a reactor. 

The detector proposed below is capable of running with either an argon or xenon target, with no 
change besides fluid choice and operating temperature. This is important both for WIMP 
searches (argon gives better sensitivity at low WIMP mass, xenon is better at high mass and has 
spin-dependent reach as well) and for CEvNS measurements, where the ratios of cross sections 
on different targets put powerful constraints on the NSI parameter space. For similar reasons, we 
also consider CF4 as a target. While we do not expect the same low threshold performance in CF4 
as in liquid nobles, CF4 does scintillate (weakly) and the fluorine nucleus gives enhanced 
sensitivity both to spin-dependent WIMP scattering and to axial vector NSI. With scintillation 
wavelengths similar to xenon and a vapor pressure between that of argon and xenon, a CF4 target 
is a natural extension to the program described below. 

 
Figure 2: (Left) Sensitivity to spin-independent WIMP coupling of an argon bubble chamber with 100-
eV nuclear recoil detection threshold, showing 5-kg-year and 1-ton-year exposures with only coherent 
neutrino scattering as a background. Figure taken from [12]. (Right) Event rates from CEvNS in xenon 
and argon at the sites of the CONNIE [13] and PROSPECT [14] experiments. 

Research Plan 
Our objective is to design, construct, commission, and calibrate a 5-liter liquid argon bubble 
chamber. In doing so we will (1) demonstrate a scalable technical design for larger scale 
scintillating bubble chambers and (2) test the hypothesis that liquid nobles can be superheated to 
near the thermodynamic limit without encountering bubble nucleation by electron recoils. 
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Predicted CEvNS Sensitivity

 

If these thresholds can indeed be achieved while maintaining insensitivity to backgrounds, the 
impact on both WIMP and CEvNS detection would be enormous. A 100-eV argon recoil 
detection threshold extends WIMP sensitivity to masses an order of magnitude lower than xenon 
TPCs (LZ), while the scalability and discrimination of the bubble chamber technique enables 
much larger background-free exposures than SuperCDMS-HV. The WIMP sensitivity of a 5-liter 
chamber (the proposed size for this LDRD) with a 1-year exposure and only the coherent 
neutrino scattering background is shown in Fig. 2, along with the reach of a ton-year exposure in 
a PICO-500 scale device. Sub-keV thresholds in argon and xenon also allow detection of CEvNS 
from reactor neutrinos, also shown in Fig. 2. In fact this is the only scalable, discriminating 
nuclear recoil detection technology proposed with the potential for CEvNS detection at a reactor. 

The detector proposed below is capable of running with either an argon or xenon target, with no 
change besides fluid choice and operating temperature. This is important both for WIMP 
searches (argon gives better sensitivity at low WIMP mass, xenon is better at high mass and has 
spin-dependent reach as well) and for CEvNS measurements, where the ratios of cross sections 
on different targets put powerful constraints on the NSI parameter space. For similar reasons, we 
also consider CF4 as a target. While we do not expect the same low threshold performance in CF4 
as in liquid nobles, CF4 does scintillate (weakly) and the fluorine nucleus gives enhanced 
sensitivity both to spin-dependent WIMP scattering and to axial vector NSI. With scintillation 
wavelengths similar to xenon and a vapor pressure between that of argon and xenon, a CF4 target 
is a natural extension to the program described below. 

 
Figure 2: (Left) Sensitivity to spin-independent WIMP coupling of an argon bubble chamber with 100-
eV nuclear recoil detection threshold, showing 5-kg-year and 1-ton-year exposures with only coherent 
neutrino scattering as a background. Figure taken from [12]. (Right) Event rates from CEvNS in xenon 
and argon at the sites of the CONNIE [13] and PROSPECT [14] experiments. 

Research Plan 
Our objective is to design, construct, commission, and calibrate a 5-liter liquid argon bubble 
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● O(10) CEvNS 
events / kg-day at a 
reactor
● Pending calibration
● The detector is scalable
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10Kg LAr SBC 
Objectives

● Demonstrate scalability

● Determine the bubble nucleation 
probability for electron recoils

● Determine nuclear recoil 
sensitivity
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Overview and Specifications
● Temperature regions 

● 90K & 130K
● Pressure cycling 

● 20 – 360 psia
● Bubble imagine 

● Stereoscopic 
● 650 nm

● Scintillation detection 
● SiPM
● 175 nm
● Photon starved 
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Jars, Pressure Vessel & Vacuum Jacket
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● Design is complete 
● Pressure vessels now in  

fabrication (at vendor)
● Detector assembly now in 

fabrication (by collaboration)
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Temperature, Pressure & Control
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Evaporators

● P&ID complete, under review
● Control schemes defined for:

● Fill / Empty
● Routine Operation
● Emergency Scenarios
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Bubble Imaging
● Stress testing: cameras 

withstand -100oC to 50oC
● Developing thermal control 

system
● Developing optical model
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Scintillation Light
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UV reflector

SiPM

● Hamamatsu VUV4 SiPMs 
● Stress testing: 20-360psia @ 90K 

●  Survived >10k cycles
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Conclusion
● Motivation

● Combine the ER discrimination of bubble 
chambers with the event-by-event energy 
resolution of scintillation detectors

● Objectives
● Demonstrate scalability
● Bubble nucleation probability of an ER

● Status
● Design is complete
● Hardware being fabricated and procured, 

including vessels 
● GW-0 approval at SNOLAB secured

● Timeline 
● Construction: 2019 - 2020
● Calibration @ Fermilab: 2020
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Nuclear Recoil Event

COFI Workshop                     
     Dahl, 11/29/2018
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Bubble Chamber Thermodynamics: A metastable 
state

Superheated Liquid

Particle Interaction
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