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The PICO Experiment

Bubble chamber technology using superheated fluids

Holds the active fluid at a desired thermodynamic threshold

A tiny amount of  energy deposition will cause boiling (a bubble!) 

Dark matter particles(WIMPS) could be that trigger

Adjust the thermodynamic threshold to probe different areas of  the WIMP mass-cross 

section parameter space
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Bubble Formation

The necessary energy to deposit for bubble formation is given by the Seitz threshold
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https://arxiv.org/pdf/1905.12522.pdf  
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Bubble Formation

Ὁ ὗ must be deposited within a length scale of  ὶͯ5-10 nanometers 
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Bubble Chamber Dark Matter Search
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Bubble Chamber Dark Matter Search
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Liquid State Superheated Liquid State



Triggers: pressure, optical

Data Saving: 

PT 

Piezos

Cameras  

Dytrans

C. Moore

PICO Detectors
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Bubble

Instrumentation

Recompression

Acoustic Signal
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WIMP -like events ðphysics analysis

Single bubble

C. Moore

PICO Detectors
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WIMP -like events ðphysicsanalysis

Single bubble

Position reconstructed in the bulk of  

the fluid

C. Moore

PICO Detectors
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WIMP -like events ðphysics analysis
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Nucleate while detector is expanded
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WIMP -like events ðphysics analysis

Single bubble

Position reconstructed in the bulk of  

the fluid

Nucleate while detector is expanded

Pressure is very close the desired set 

point

C. Moore

PICO Detectors
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WIMP -like events ðphysics analysis

Single bubble

Position reconstructed in the bulk of  

the fluid

Nucleate while detector is expanded

Pressure is very close the desired set 

point

Acoustic power (AP) discrimination

C. Moore

PICO Detectors
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Scale up for PICO-500

PICO 40L
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~26ft

~12ft



Scale up for PICO-500

PICO 40L

16

~26ft

~12ft

Degassing Tank

Hydraulic Cart

Pressure Vessel



Bigger Pressure Vessel

40L 500
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Big Jars!
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Advantages

Insensitive to electron recoils (depending on 

active fluid)

Alpha rejection using acoustics

Ability to change active fluid 

Use different nucleus targets

Current target: Fluorine (SD WIMP-proton)

Variable thresholds

Disadvantages

Limited interaction energy information

Large deadtime between events

PICO Detectors
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LOTS of  cycles every day

Large deadtime

Not all triggers provide 

good physics data

Want to improve 

efficiency 
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Compression Cycle (40L monitoring)

L to R

Expanded state

Bubble forms

Fast compression

Slow compression

Expansion

Back to Expanded state
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Compression Cycle (ὅὊ
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Compression Cycle (ὅὊ

24

Pressure

Time (s)

200psig

~170psig

20psia

~30psia

Idle

Taking data



Expansion 1
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Spontaneous flow until 10psi > expansion set 

point

Top of  inner jar to top of  degas tank ~16.7psid



Expansion 2
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Compression 1 (fast)
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Compression 2 (slow)
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Big components 

Pressure Vessel 

Fast pressure accumulators (x4)

Hydraulic Control Cart

Pumps

Low pressure accumulator (x1)

Degassing Tank

PICO-500 Hydraulic Control System
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