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Detector Essentials

• Direct dark matter detectors look 
for energy deposited when 
nucleus recoils after collision 

• Signal from coherent elastic 
neutrino-nucleus scattering 
(CEνNS) is identical 

• Same detector can be used for 
both!

ν/𝛘  

Recoil Energy <10s of keV

ν/𝛘  
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Superheated Fluid Detectors
• Small deposit of energy 

overcomes threshold in 
Gibbs potential 

• This then results in 
vaporization - 
production of bubble 

• Note that threshold is 
controllable 
• At most thresholds, 

gammas not an issue
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The Bubble Chamber
• Used for many discoveries 
• World-leading dark matter 

results from PICO 
• Main strength is insensitivity to 

electron recoils in most 
operational cases 

• At low thresholds, gamma 
backgrounds can become 
overwhelming
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Revisit a bit of history
• In 1956, Glaser made a xenon bubble chamber 

• No bubbles in pure xenon even at 1keV threshold 
with gamma source 

• Normal production in 98% xenon + 2% ethylene 
(scintillation completely quenched) 

• Scintillation suppresses bubble nucleation 

• Prototype xenon detector operated by SBC 
collaborators at Northwestern backs this up 
[Phys. Rev. Let. 118, 231301 (2017)]
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LETTERS TO THE EDITOR
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FIG. 1. Tracks of electrons produced by gamma rays from a
100-mC radium beryllium source placed 8 in. from the center of
a bubble chamber 1 in. in diameter filled with liquid ethylene at—1.8'C. The density of the liquid is about 0.5 gjcm'. The dura-
tion of the light flash is 5 msec and the flash occurred 3 msec
after the expansion was initiated.

escaping in optical radiation, we dissolved some ethylene
in the liquid xenon in the hope that it would "quench"
the scintillation eRect by coll.isions of the second kind.
With less than 2% by weight of ethylene, the bubble
chamber became radiation sensitive and produced.
copious tracks of electrons when exposed to a 25-mC
radium beryllium source of gamma rays as shown in
Fig. 2. A large number of pictures have been taken of
this xenon chamber and indicate that the track forma-
tion is reasonably insensitive to the temperature and
to the proportion of ethylene.
As a particle detector the xenon bubble chamber

has properties similar to those of nuclear emulsion. The
density of the liquid is 2.3 g/crn, the radiation length
is 3.1 cm, and the Coulomb scattering constant is about
the same as that of emulsion. Since the accuracy of
scattering measurements increases as I.', if I is the
length of track measured, the xenon bubble chamber
should yield useful scattering measurements because
of the long track lengths possible, even though the
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FIG. 2. Tracks of electrons produced by gamma rays from a
25-mC radium beryllium source placed 8 in. from the center of
the same chamber filled with liquid xenon containing 2% by
weight of ethylene and operated at —19'C. The density of the
liquid is about 2.3 g/cm' and the lighting conditions are the same
as in Fig. 1.

accuracy of determining coordinates of points on. a
track is less by at least a factor ten than for emulsions.
There is no basic limit on the possible size of xenon
bubble chambers for use with pulsed accelerators. It
competes in cost with large emulsion stacks because the
liquid can be used indefinitely for many experiments.
The main advantages of the xenon bubble chamber
are that scanning of the photographs is easy and gamma
rays can be detected efficiently by their production of
Compton electrons at low gamma energies and electron
pairs at high energies. Association of these gamma rays
with their parent events should be easy because of the
very low background of events per picture in bubble
chambers, and the very rapid bubble growth which
allows simultaneity of events to be estimated by
bubble size to less than a millisecond. It therefore
should be possible, using a xenon bubble chamber, to
study directly those decay modes of unstable particles
involving gamma rays and neutral pions, which decay
rapidly in flight into gamma rays, and other nuclear
processes in which gamma rays are emitted. It should
be possible to determine the energies of gamma rays by
multiple scattering measurements of the electron pairs.
We would like to thank Dr. Cyril Dodd and C.

Graves and L. O. Roellig for help in making some of
the early runs. The Linde Air Products Company gener-
ously donated to the University of Michigan the xenon
used in our experiments.
Tote.—After our experiments were completed, we

learned in a telephone conversation with Dr. Keith
Boyer of the Cyclotron Group at the Los Alamos
Scienti6c Laboratory that the high speed and scintilla-
tion efFiciency of xenon gas depends only very slightly
on pressure from a few millimeters of mercury up to 3
atmospheres. A small admixture of a few tenths of a
percent. of gaseous hydrocarbon, however, is found
to practically destroy the scintillation eRects. If the
same mechanism is at work in the scintillation
"quenching" as in the xenon bubble chamber, we might
expect the large scintillation efFiciency of xenon to
extend to the liquid state at —20'C and 20 atmos-
pheres of pressure.
It seems rather remarkable that the same eRect

should be found under such different thermodynamic
conditions. Perhaps it will be possible to adjust the
percentage of hydrocarbon admixture so that the liquid
xenon retains some of its scintillating efficiency and
also produces bubble tracks. Then one might be able
to observe spatial as well as temporal data for each
nuclear process of interest. Thus decay times of par-
ticles, for example, could be associated with their
identity as revealed by their daughter particles, etc.
*This work was supported partly by the National Science

Foundation and the U. S. Atomic Energy Commission.' D. A. Glaser, Proceedings of the Fifth Artnttol Rochester Con
ference on High Energy Physics (Interscience Publishers, Inc. ,
New York, 1955).

2 D. A. Glaser and D. C. Rahm, Phys. Rev. 97, 474 (1955).
3 R. Eisberg (private communication).' D. A. Glaser and L. Q. Roellig (to be published).

Phys. Rev. 102, 586 (1956)



The SBC Detector

• Roughly 10kg of Argon 
• SiPMs used for scintillation 

detection 
• Much of the internal detail 

modelled on PICO 500 
• Only added challenge is to keep it 

cold
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The SBC Detector
Vacuum jacket

Pressure Vessel

Fused silica jars

Cooling head

SiPMs

Jar bellows

Cooling band

Hydraulic cylinder

• Roughly 10kg of Argon 
• SiPMs used for scintillation 

detection 
• Much of the internal detail 

modelled on PICO 500 
• Only added challenge is to keep it 

cold
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UǙǬǬƽƜǍƧܸǙǦǳƽƝƎǍܸƎǩǩƎǓƴƧǒƧǓǳǬ

Canadian Responsibilities
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Internal imaging system

Entire inner assembly

SiPM testing 
and mounting

UǙǬǬƽƜǍƧܸǙǦǳƽƝƎǍܸƎǩǩƎǓƴƧǒƧǓǳǬ



SBC Performance - Dark Matter
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SBC curves assume NR threshold of 100 eV



Progress
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Vacuum jacket

Pressure vessel

Pressure bellows

SiPM testing



Collaboration Plan
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1) Build and 
commission 
detector at 
Fermilab

2) Build and install 
detector at SNOLAB 

for DM search

3) Upgrade and 
install detector from 
1) at a reactor for 
CEνNS studies



Multiple goals
• Having several goals means building several detectors 
• First undergoing construction and commissioning at Fermilab, then to 

be used for CEνNS 
• Second to be built at SNOLAB starting in 2021
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2021 2022 2023

SBC-Fermilab Construction SBC-SNOLAB Construction

SBC-Fermilab Operation SBC-SNOLAB Operation

SBC-CEνNS Redeployment



The collaboration

• Canadian groups at Queen’s, 
University of Alberta, TRIUMF, 
Université de Montréal 

• US groups at Northwestern, 
Fermilab, IUSB, UCSB, Drexel, 
NEIU, PNNL 

• Mexican group at UNAM 

• Collaboration was formed with a 
code of conduct and 
ombudspeople defined from the 
start
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Conclusions

• The SBC collaboration will be investigating 
both CEνNS and dark matter 

• Vibrant group, always looking for 
collaborators 

• Look for us in the future!
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