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Bubble Chambers
• Long history with particle 

physics, and even with 
dark matter 

• Particle interaction causes 
nucleation in superheated 
fluid 

• This grows into a visible 
(and detectable) bubble 

• Chamber can then be 
recompressed and ready 
for the next event
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Theory, 
 Graphically
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High Pressure

μl

• At high pressure 
the medium is 
stable in the 
liquid state
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High Pressure

μl

μv

Low Pressure

• As the pressure 
is lowered, this 
becomes 
metastable, with 
a potential 
threshold to 
overcome 
before changing 
state

Theory, 
 Graphically
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• The potential 
step is 
controllable with 
pressure (or 
temperature) 
providing a 
variable 
threshold

Theory, 
 Graphically



How Do Bubble Chambers Work?
• Detector is made sensitive 

by depressurizing 
chamber 

• Use video for trigger, 
acoustically monitor as 
well 

• A trigger causes 
pressurization to force 
back into liquid state



Why Use Bubble Chambers for DM?

Phys. Rev. D 100, 082006 (2019)

• The variable threshold has 
some advantages, and 
could be useful 

• The real advantage is the 
gamma insensitivity… at 
“higher” thresholds

Note: Calculated for PICO 40L detector, 
horizontal black dashed line is target of 2 

events/year
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So… how do we lower the threshold?

• In a PICO style bubble 
chamber there isn’t a good 
way to do this 

• Obviously leads to the 
significant turn-up at lower 
WIMP masses 

• Changing the target 
material can help…

Phys. Rev. D 100, 022001 (2019)



Back to the past

History of the bubble chamber and related active- and internal-target nuclear tracking 
detectors, F.D. Becchetti, NIMA 784 (2015) 518-523

• When Glaser was 
investigating 
bubble chambers, 
he made some 
interesting finds



Back to the past

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)

• 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 (?)



How will we do this?

12

hydraulic 
Fluid
15oC

“water piston”

C3F8
15oC

ac
tiv

e 
vo

lu
m

e

ac
tiv

e 
vo

lu
m

e

C3F8
15oC

hydraulic 
Fluid
15oC

hydraulic 
fluid
-5oC

H2O
15 oC

fused silica
piston

hydraulic 
Fluid
15oC

hydraulic 
fluid
-5oC

insulation

28 October 2016 61

PICO 40L

hydraulic 
Fluid
15oC

“water piston”

C3F8
15oC

ac
tiv

e 
vo

lu
m

e

ac
tiv

e 
vo

lu
m

e

C3F8
15oC

hydraulic 
Fluid
15oC

hydraulic 
fluid
-5oC

H2O
15 oC

fused silica
piston

hydraulic 
Fluid
15oC

hydraulic 
fluid
-5oC

insulation

28 October 2016 61

SBC

Ar (Xe) 
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How will we do this?

13

• 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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Why do we think this will work?

15

• This has been tried with a 
very small xenon bubble 
chamber at Northwestern 

• Results were successful, 
and backed up what Glaser 
had suspected



Why do we think this will work?

• Actual data from the 
chamber filled with 
LXe 

• Only found upper 
limits as far as 
threshold could be 
pushed

16

M. Bressler, PhD Thesis, 2022



Threshold effects

• Lowering the 
threshold opens up 
significant area in 
the low mass 
search 

• Note this assumes 
only CEνNS 
backgrounds and 
10kg-year live time 

17



Limit Projections
• If you wanted a 

more complicated 
plot, we’ve got you 
covered there too 

• Note the lower 
threshold (100eV) is 
assumed 

• Also shown is a 
“potential” next step

18

arXiv:2203.08084



Further Advantages
• NRs make bubbles with 

coincident scintillation 
• Scintillation detection 

threshold above bubble 
threshold 

• (~1 phd / 5 keVr) 
• Useful as veto of high-energy 

events 
• We’ll come back to this a bit 

later…

PMT

PMT

PMT

PMT

SiPM

SiPM

SiPM

SiPM



Collaboration Plan

20

1) Build and 
commission 
detector at 
Fermilab for 
threshold 
testing

2) Build and install 
detector at SNOLAB 

for DM search

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



Wait… neutrino studies?
• The removal of backgrounds (and the lowered threshold) make this a 

good testbed for neutrino scattering studies



Experiment status
• 6/8 engineering notes 

have passed peer 
review 

• 1/2 safety 
walkthroughs 
complete 

• 11/11 pressure tests 
passed 

• Mechanical and 
Cryogenic 
commissioning next



Experiment status
• Inner assembly 

construction complete 

• Cryogenic seal tests 
currently happening 

• Assembly to be sent 
to Fermilab at 
completion of FNAL 
mechanical and 
cryogenic 
commissioning



Experiment status
• Inner assembly 

construction complete 

• Cryogenic seal tests 
currently happening 

• Assembly to be sent 
to Fermilab at 
completion of FNAL 
mechanical and 
cryogenic 
commissioning



Experiment status
• Inner assembly 

construction complete 

• Cryogenic seal tests 
currently happening 

• Assembly to be sent 
to Fermilab at 
completion of FNAL 
mechanical and 
cryogenic 
commissioning



Projected timeline

• Green shown is projected schedule, orange represents contingency (obviously 
estimated) 

• Primary point is that by May 23 should be ready to install 

• SNOLAB inaccessibility shown in red

Table 1

2022 2023 2024

Jan 22 Feb 22 Mar 22 Apr 22 May 22 Jun 22 Jul 22 Aug 22 Sep 22 Oct 22 Nov 22 Dec 22 Jan 23 Feb 23 Mar 23 Apr 23 May 23 Jun 23 Jul 23 Aug 23 Sep 23 Oct 23 Nov 23 Dec 23 Jan 24 Feb 24 Mar 24 Apr 24 May 24 Jun 24 Jul 24 Aug 24 Sep 24 Oct 24 Nov 24 Dec 24

WBS 1 - PV & VJ

WBS 2 - Inner Assembly

WBS 3 - Fluid Systems

WBS 4 - Cryogenics

WBS 5 - Optical Systems

WBS 6 - Scintillation Systems

WBS 7 - Acoustic Systems

WBS 8 - Shielding & Backgrounds

WBS 9 - Calibration

WBS 10 - Online Computing

WBS 11 - Offline Computing

Assembly

SNOLAB prep

PV (Ship and prepare)

VJ (Ship and prepare)

Internals

Closing up

Operation!

31d



“Bonus” physics!

• SBC uses CF4 as a hydraulic fluid 
• Testing has progressed with 

validating components in liquid 
CF4, including SiPMs 

• At this point, there was a bit of a 
surprise

27



“Bonus” physics!
• Evidence that alphas 

can be seen in the 
hydraulic fluid 

• Redesigned the SiPMs 
to have a few looking 
outward 

• Potential for veto 
information from the 
surrounding fluid

28



Conclusion
• Very cool physics can be done with our detectors 
• Always looking for interested parties!
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• Start with a bubble in a liquid 
• In thermal equilibrium, so Tl = Tb 

• Pb is then roughly the vapour 
pressure at temperature T, and 
Pb>Pl, so the bubble should 
expand… if there were no 
surface tension

Pl, Tl

Pb, Tb

How Do Bubble Chambers Work?
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• Pb is then roughly the vapour 
pressure at temperature T, and 
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expand… if there were no 
surface tension

How Do Bubble Chambers Work?

Pl, Tl

Pb, Tb

Ps



• Include pressure from surface 
tension Ps = 2σ/r 

• This means the bubble will grow 
only if:

33

Pb > Pl + Ps
and

r >
2σ

Pb − Pl

• Which we call the critical radius rc

How Do Bubble Chambers Work?

Pl, Tl

Pb, Tb

Ps



Calculation of Threshold
• So how is the threshold energy calculated?

34

ET = 4πr2
c (σ − T [ dσ

dT ]
μ)

+
4π
3

r3
c ρb(hb − hl)

−
4π
3

r3
c (Pb − Pl)

Surface energy

Bulk energy

Reversible work

• Where 𝜌 is the density and h the specific enthalpy
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ET = 4πr2
c (σ − T [ dσ

dT ]
μ)

+
4π
3

r3
c ρb(hb − hl)

−
4π
3

r3
c (Pb − Pl)

• Where 𝜌 is the density and h the specific enthalpy

Surface energy

Bulk energy

Reversible work

1.53 keV

1.81 keV

0.15 keV

3.19 keV


