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PICO Bubble Chambers

• Sealed synthetic silica quartz chamber 
filled with a superheated C3F8 

• Particle detection in the form of bubble 
nucleation from ionization or nuclear 
recoils

• Looking for weakly interacting massive 
particles (WIMPs)

• Higher thresholds than older bubble 
chambers
• Longer livetime (~minutes)
• Insensitive to tracks
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PICO Bubble Chambers
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Detector paper on arXiv soon!



PICO Bubble Chambers
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Methods of Detection
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• Record acoustic data of bubbles

• Distinguishes nuclear recoils and alphas

• Acoustic parameter (AP), which represents 
energy of the signal

Acoustics
• Record pressure in active volume

• Excellent discrimination between bulk 
and wall events

Pressure
• Record 41 frames (20 before, 20 

after) event genesis at 100 fps 
across 4 stereoscopic camera

• XYZ spatial reconstruction

Cameras
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Expected Interactions: Alpha decays
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Small acoustic signature

Alphas create a much larger 
bubble initially => record a 
much larger acoustic 
amplitude

The Rn-222 chain is our 
largest source of radioactive 
backgrounds

𝑟𝑐

Next talk on Radon Mitigation in PICO-500

https://indico.global/event/15553/contributions/149116/


Expected Interactions: Nuclear Recoils
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Neutron

Dark matter 
(WIMPS)

Neutrinos
(CEνNS)

< 0.29 multiples per live year
< 0.66 singles per live year

Expect 0.5 per live year 

1 per live year (at 8keV)

WIMPS are indistinguishable 
from single neutrons or 
CEνNS visually and 
acoustically

There are also gammas, 
muons, and other non-
particle mechanisms that 
cause events

No neutrons seen in the 
physics data runs for PICO-
40L

PICO-500

Expected Event Rates



Heterogenous Nucleations
• Heterogenous nucleation: On surface

• Homogenous nucleation: In bulk of fluid

• Heterogeneous nucleation rates have increased since PICO-60
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SiO2

θ

𝑟𝑐

Same energy 
threshold for C3F8 

θ = contact angle
𝑟𝑐= critical radius



Surface Nucleations: Radioactive Backgrounds
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SiO2 C3F8

α

Nuclear 
Recoil

Predicted: < 139 ± 15 events/liveday*
PICO-40L:    277 ± 3 events/liveday*

*On Outer Jar cylindrical surface

• I built a Monte Carlo to calculate probability of 
nucleation due to radioactive decays from the quartz 
into C3F8 

• Simulates energy deposition and tracks 

• I can then find the expected wall rates based off 
measured activity from quartz samples

238U < 37.06 mBq/kg
235Th < 12.77 mBq/kg
210Pb < 360.60 mBq/kg

Background Rates

Po-210



What’s causing this?
• Wall rate is correlated with pressure, and hence energy threshold

• I performed a set of acoustic corrections found no evidence suggesting multiple nucleation 
mechanisms
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We are at a point where experimental testing is needed 

PICO-60 Data PICO-40L Data



COBRA (Chamber for Optical Bubble Rate)
• COBRA will allow us to test different thresholds, active 

liquids, surface materials and coatings and measure 
heterogenous nucleation rates. 

• 25mL C5F12 operated at 70°C and 5 psi (6 keV threshold)

• Hot and cold region for superheat and condensing

• Can be operated from 0-100°C and pressures up to 
150psi
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COBRA Status
• Modeling, procurement, simulations, background event calculations completed

• Data acquisition software operational, nearly done testing 

• Operational next week!
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Conclusion

• PICO-40L is a bubble chamber experiment at SNOLAB with over 72 livedays of data 
collected

• Wall events are our largest background, and I am actively researching 

• With PICO-500 assembly on way, reducing these events is critical to increase livetime 
of the detector

• COBRA will be operational in the coming weeks

• Results will help inform discussions about PICO-500 and steer elements of our run 
plan
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Surface Nucleations: Surface Energy

• Energy required for nucleations is dependent on surface energy

• C3F8 has a low surface tension, hence it fully wets synthetic quartz [1]

𝑓 =
1

4
(2 − 3 cos θ + cos3 θ) [2,3]

Δ𝐺ℎ𝑒𝑡 = 𝑓(θ)Δ𝐺ℎ𝑜𝑚𝑜 [2,3]

[1] Lemal, David M. 2004. Perspective on Fluorocarbon Chemistry. The Journal of Organic Chemistry 69 (1): 1-11. doi:10.1021/jo0302556.
[2] R. Cole, Boiling nucleation, in Advances in heat transfer, vol. 10, pp. 85–166, Elsevier (1974).
[3] Sholl, C. A. and Fletcher, N. H., “Decoration criteria for surface steps,” Acta Metallurgica, vol. 18, no. 10, pp. 1083–1086, Oct. 1970
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θ = Contact Angle
𝐺 = Energy

Wetting

Non-wetting



Seitz Threshold

• Energy deposition greater than the Seitz threshold 
(𝐸𝑡ℎ) in a radius less than critical radius (𝑟𝑐) will 
cause a bubble large enough to overcome surface 
tension (Seitz hot-spike model)

• Insensitive to electrons at our thresholds
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Operating Principle
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Active 
Volume

Active 
Volume

Active 
Volume

Active 
Volume

200 psi 140 psi 80 psi
27.5 psi
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