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Why Bubble Chambers?

Spin-dependent & Low mass

Ability to change target fluid
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Why Bubble Chambers?

Impressive Background Rejection

Gamma
Interaction
Insensitivity

Multiple Neutron 
Scattering

Acoustic Alpha 
Discrimination
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Neutrons - X ■ ■ ■ ■

Particulates - unidentified X ■ solved -

γ/β solved - - - ■ ■
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Particulates
● Metal oxide and silica particulates

► Trapped then dislodged from freon/water
interface

COUPP-60
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● Mitigation

►Cleaning in PICO-2L run 2, PICO-60 C3F8

►Eliminate water in PICO-40L RSU

Particulates
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PICO-60 C
3
F

8

PICO-60 Run 2
0 candidate events in 1167 kg-day
3.29 keV Seitz threshold
PRL 251301 (2017)

PICO-60 Complete exposure
3 candidate events in 1404 kg-day
2.45 keV Seitz threshold
Accepted to PRD, arXiv 1902.04031
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γ & β Rejection

● New analysis of ER sensitivity
►Bubble formed by either semi-adiabatic expansion 

or Auger cascades of high-Z contaminants
►arXiv: 1905.12522
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γ & β Rejection

● New analysis of ER sensitivity
►We can lower NR threshold without additional 

sensitivity to ER

PICO-40L projection

16.4 tonne-day @ 2.8 keV

PICO-60
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PICO-40L

IV Assembled on surface and shipped
Late 2018
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PICO-40L

Base Flange assembled
IV installed
February
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PICO-40L

Insulation & instrumentation installed
PV in place
April
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PICO-40L
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PICO-40L

● Filled with mineral oil
● Hunting for leaks

● Fill with C3F8 and commissioning this summer

● Plan to run for 1 year 
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PICO-500

● CFI funds received
● Inner Vessel Jars out for bid
►Vendors identified
►Limited to ~300L active

volume

● Pressure vessel
►Plan to weld and pressure 

certify UG
►Plan to open for bids this fall
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PICO-500

● Lessons learnt from PICO-40L assembly
►Provide more room for cold volume components
►Seismically isolate whole pressure vessel

● Lessons we may learn w/ PICO-40L operation
►Relax pressure system requirements
►Refine piezo design

● Background mitigation considerations
►Maximize PV size
►Limit radon daughter deposition / emanation
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PICO-500 projections

● Similar and 
complementary reach 
to G2 experiments

● Lower neutrino floor 
than for LXe

● Projection using

► 0.5 live-year at 3.2 keV Seitz

► 1 live-year at 10 keV Seitz

► 250 L fiducial volume

► 0.75 singles/year background, mostly 
from muon spallation
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Development

● Replacement of silica glass
►1L Acrylic test chamber under construction
►R&D on metal / plastic chambers

● Hydrogenated targets
►Proton recoils seen

in C2H2F4.
▻ F. Tardif MSc thesis, UdeM 2018

● Scintillating Bubble Chamber
►Separate collaboration using liquid Xe, Ar, Ne
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Status

● US groups
►Concentrating on R&D and analyses
►PICO is not a G2 project and is receiving minimal 

US support for PICO-40 / PICO-500
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A note on Computing

● Historically hosted at Fermilab
● Migration to Compute Canada for PICO-40L
►Some hiccups, notably a loss of data after initial 

migration restored from Fermilab backup

● Modest computing requirements
►Low latency storage for event displays
►Configurable environment to work with existing scripts: 

Matlab, Perl, Python 2 and/or 3, crontab ...
►Current usage (allocation): 23 (70) TB / 5 (30) cores
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Status

● We understand our detection method well.
● We are strongly focused on completing our 

funded mandate of PICO-40L and PICO-500.
● Bubble chambers can uniquely probe below the 

Xe neutrino floor in spin-dependent couplings.
● Various options beyond PICO-500:
►Hydrogenated targets
►Replace silica vessel
►Scintillating Bubble Chamber



Extra slides
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Canadian Impact
● Publications in last year
►PICO-60 complete exposure, accepted to PRD
►Supernova sensitivity (U of A authors)
►627 total citations on 5 PICO limits since PICO-2L in 2015.

● Non-DM analyses for upcoming year
►Neutron calibration of C3F8

►SNOLAB radiation environment

►C2H2F4 evaluation

►Molecular dynamics simulation of bubble acoustics (U of A authors)

● Wider audience
►Featured on Radio-Canada Découverte
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How it works

Radiation induced boiling of superheated fluid.

Pg

Pl Rc

Pg−P l=
2σ
Rc

Q=
4π
3
r c
3
ρb(hb−h l)+4 π rc

2(σ−T
d σ

dT )
Surface FormationLatent Heat

Bubble Chamber operation cycle

Boiling Point
(33.5° C, 90 psia)
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How it works

Fast Pressure Transducer

Acoustic Transducers

100fps stereo images

Pressure and Temp monitoring
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How it works

Alphas are ~4 times louder than nuclear recoil bubbles.

>99.4% discrimination against alpha events 
demonstrated.
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Neutron Sensitivity

● Ongoing evaluation & mitigation of neutron 
backgrounds.  e.g.
►Custom fabricated piezoelectric tranducers
►Maximizing pressure vessel size to move sources 

away
►Minimize radon daughter deposition

Prototype COUPP-4 2L & 60 Run 2 PICO-40L PICO-500

α-decay X solved - - - -

Neutrons - X ■ ■ ■ ■

Particulates - unidentified X ■ solved -

γ/β solved - - - ■ ■

ν/μ - - - - - ■
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