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Physics with bubble chambers

1970s: Neutrino Beam Physics

• Sensitive to MIPs

• Particle tracks visible

• Threshold << 1 keV

•Multi-ton chambers,
multiple fluids

2000-today: Nuclear Recoil
Detectors

•Dark matter searches with
fluorocarbon bubble chambers

• Electron recoil blind

•Nuclear recoil threshold ∼ 3keV

• Scalable at modest cost
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PICO bubble chambers

• Target material:
superheated CF3I,
C3F8, C4F10

spin-dependent/independent

Could make a
dark matter bubble
chamber with any liquid!

• Particles interacting
evaporate a small
amount of material:
bubble nucleation

• Four Cameras record bubbles

• Eight piezo-electric acoustic
sensors detect sound

•Recompression after
each event
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Bubble chambers: Physics

• In a superheated fluid, energy deposition greater than Eth in a radius
less than rc will result in a bubble large enough to overcome surface
tension (Seitz ”Hot-Spike” Model)

• Low E or dE/dx result in smaller bubbles that immediately collapse

•Classical Thermodynamics:
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Bubble nucleation

Dependence of bubble
nucleation on the total

deposited energy and dE/dx

•Region of bubble nucleation at 15
psig

• Backgrounds:
electrons, 218Po, 222Rn

• Signal processes of
Iodine, Fluorine and Carbon
nuclear recoils

insensitive to
electrons and gammas

6



Bubble chambers: signal

•Alpha decays:
Nuclear recoil and
40 µm alpha track
1 bubble

•Neutrons:
Nuclear recoils
mean free path ∼20 cm
3:1 multiple-single ratio
in PICO-60

•Neutrinos or WIMPs:
Nuclear recoil
mean free path > 1010 cm
1 bubble
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Bubble chambers: Acoustics

•Alphas are ∼ 4 times louder than nuclear recoil bubbles

•> 99.4% discrimination against alpha events demonstrated

•Discovered by the PICASSO collaboration
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Why bubble chambers?

• Zero background

• Large target mass

• Low energy threshold (a few keV, and down to eV for some fluids)

•Multiple target nuclei
test expected cross section dependences on
atomic number and nuclear spin
(Fluorine, Iodine, Chlorine, Xenon, Argon, Bromine, Hydrogen...)

•Measure nuclear recoil energies (by varying threshold)

•No measure of nuclear recoil direction.
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EFT and SI vs SD

Capability to instrument a
wide range of target nuclei
with sensitivity to diverse
WIMP-nucleon couplings.
Unknown how WIMPs

couple to matter

• Fluorine: Best sensitivity to
spin dependent interactions.

• Iodine, Bromine, Xenon, Argon:
High A targets to exploit A2

dependence of spin-independent
cross section.

•Hydrogen: Enhanced sensitivity
to low mass particles.
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Meet the family: PICO bubble chambers

•COUPP4: a 2l CF3I chamber run at SNOLAB in 2010 and 2012

•COUPP60: up to 40l CF3I chamber run at SNOLAB 2013-14

• PICO-2L: a 2l C3F8 chamber run at SNOLAB 2013-14 and 2015-16

• PICO-60: up to 45l C3F8 chamber run at SNOLAB 2016-17

• PICO40L: currently under commissioning (fall 2022)

• PICO-500: future ton-scale experiment 2023-2024
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PICO chambers are located at SNOLAB

SNOLAB

deepest and cleanest
large-space international
facility in the world

• 2 km underground
near Sudbury, Ontario

•Ultra-low radioactivity
background environment
Class 2000

• Physics programme focused
on neutrino physics
and direct dark matter
searches

Home of the SNO experiment
2015 Nobel prize in Physics
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COUPP60 and PICO-60
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COUPP60 and PICO-60
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PICO latest WIMP SD and SI limits

Phys. Rev. Lett. 114, 231302 (2015)

Phys. Rev. D 93, 061101 (R) (2016)
(Editor’s choice)

Phys. Rev. D 93, 052014 (2016)

Phys. Rev. Lett. 118, 251301 (2017) (Editor’s suggestion)

Phys. Rev. D 100, 022001 (2019) 

PICO-60 CF3I (thick red), PICO-2L (thick purple), 
PICASSO (green band), SIMPLE (orange), XENON1T 

(gray), PandaX-II (cyan), IceCube (dashed and 
dotted pink), and SuperK (dashed and dotted black) 

PICO-2L (thick purple), DarkSide-50 low-mass 
(gray), XENON1T (green), LUX (yellow), PandaX-II 
(cyan), CDMSlite (black), and CRESST-II (magenta) 
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NREFT approach in PICO
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Anapole moment
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Anapole moment in PICO: results
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Electric and magnetic moments
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Electric and magnetic moments in PICO: results
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Millicharged DM
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Millicharged DM in PICO: results
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PICO40L:“Right side up” (RSU)

• Engineering:
demonstrate background reduction
and technology improvements for
PICO-500
- Focus on (neutron) background
reduction
- Confirm “RSU” design used in
prototype chambers

• Science:
acquire one-year background-free
exposure
- Order of magnitude improvement
on PICO-60 limits
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PICO-40L and PICO-500

Commissioning new detector PICO-500 coming soon
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This is PICO...
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Final remarks

• PICO bubble chambers are producing world leading
direct detection limits using flourine targets

• PICO-60 C3F8: a factor 17 improvement on
SD WIMP-proton constraints

•Results on photon-mediated dark-matter–nucleus interactions

• Backgrounds under control:
bubble chamber technology is ready to be scaled-up to ton-scale

• PICO-40L RSU chamber coming online this fall,
commissioning is underway

• PICO-500 design and construction is very advanced

Stay tuned for new results from PICO!
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