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Overview of Bubble Chambers
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Bubble Chambers

Incoherent elastic nuclear
recoil via the weak force

Detects a
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Bubble Chambers
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Bubble Chambers
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The PICO Collaboration
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Detection Channels

Cameras
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Detection Channels

Piezoelectric Sensors
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Detection Channels

Pressure Sensors
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Water (buffer)

CsFg (target)

Mineral Oil
(hydraulic fluid)

PICO-2L

2 L of C,F,
2013—2016

PICO-60
35 L of CF,l and C,F,
2016—2017

PICO Bubble Chambers

Right-Side-up (RSU)

PICO-40L
35 L of C;Fg
2019—Present

PICO-500
260 L of C;Fg
Proj. 2027



Right-Side-up Design

Upside Down Right-Side-up (RSU)
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Right-Side-up Design
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PICO-40L Update



PICO-40L Status

 PICO-40L took physics data for about 4 months in 2023-2024, accumulating up to 72 livedays of data.

» We have been troubleshooting issues which have kept us from running very much since then.
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PICO-40L Status

» PICO-40L took physics data for about 4 months in 2023-2024, accumulating up to 72 livedays of data.
» We have been troubleshooting issues which have kept us from running very much since then.

« As of July 2026, we have started running again. Focussing on engineering runs to understand detector response
under different conditions to better characterise performance.

 Currently experiencing issues with the chiller unit used to set the temperature in the cold region of the detector.
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Alpha Spectroscopy

« We have been able to resolve the alpha peaks from the 238U decay chain in our PICO-40L acoustic data, allowing

us to do alpha spectroscopy. Paper in preparation at the moment.
Emily Adams
Queen'’s (Ph.D. student)
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PICO-40L Detector Paper

* As the first major implementation of the RSU design, we have written a technical paper describing the design of
the PICO-40L detector, its subsystems, and its performance, which will appear on arXiv this week.
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PICO-500 Update



PICO-500

At 260 L, this is the largest synthetic quartz vessel ever made.

PICO-40L RSU design acts as a proof-of-concept for PICO-500.

Design and operation informed by the successes, difficulties of PICO-40L.

* Improvements in PICO-500:

* New cleaning and radon mitigation techniques

* New muon veto system

Improved heater design

Vacuum jacket to help keep temperatures stable in the cold region.

Degassing tank removes air from mineral oil and reduces dead time.

» Spring-energised PTFE seal prevents radon permeation and allows
for colder temperatures.

W. Woodley

Next, larger generation of the PICO bubble chamber programme. s olls =TT T |
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PICO-500

Next, larger generation of the PICO bubble chamber programme.

At 260 L, this is the largest synthetic quartz vessel ever made.
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PICO-500

Next, larger generation of the PICO bubble chamber programme. . BB =

At 260 L, this is the largest synthetic quartz vessel ever made.

PICO-40L RSU design acts as a proof-of-concept for PICO-500.

Design and operation informed by the successes, difficulties of PICO-40L.

Q Quinn Malin Jeremy Savoie
. Alberta (Ph.D. student) &V A/ Montréal (Ph.D. candidate)
* Improvements in PICO-500: : |

* New cleaning and radon mitigation techniques

* New muon veto system

Improved heater design

Vacuum jacket to help keep temperatures stable in the cold region.

Degassing tank removes air from mineral oil and reduces dead time.

» Spring-energised PTFE seal prevents radon permeation and allows
for colder temperatures.
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PICO-500

Next, larger generation of the PICO bubble chamber programme. w eh i =,

At 260 L, this is the largest synthetic quartz vessel ever made.

PICO-40L RSU design acts as a proof-of-concept for PICO-500.

Design and operation informed by the successes, difficulties of PICO-40L.

Q Quinn Malin Jeremy Savoie
. Alberta (Ph.D. student) . Montréal (Ph.D. candidate)
* Improvements in PICO-500: ’ .

* New cleaning and radon mitigation techniques Remington Hill
| |
* New muon veto system Queen'’s (Ph.D. candidate)

Improved heater design ~
Vacuum jacket to help keep temperatures stable in the cold region. '
Degassing tank removes air from mineral oil and reduces dead time.
» Spring-energised PTFE seal prevents radon permeation and allows
for colder temperatures.
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PICO-500 Status

» The pressure vessel has been welded and leak-checked. Now in place inside the water tank in the Cube Hall.

,\ Remington Hill
Queen’s (Ph.D. candidate)
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PICO-500 Status

» The inner jar, outer jar, and bellows have been cleaned and put together.
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PICO-500 Status and Upcoming Work

 Currently installing heating and cooling components as well as temperature sensors.

« After the PMP, will prepare heating components inside the pressure vessel, and do all plumbing and wiring.
 Expect to install the jars inside the pressure vessel by end of 2026 and start commissioning mid-2027.

AN
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Projected Sensitivities

* Plan to run PICO-500 at a threshold of 8.2 keV for three years.
* PICO-500 is expected to set world-leading limits in the spin-dependent parameter space.
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Reflections on PICO



Challenges with PICO-40L

o R L R R

Chiller Chiller Chiller Chiller First Chiller Chiller Chiller Chiller Chiller
Issues Fixed! Issues Fixed! Physics Run Issues Fixed! Issues Fixed! Issues

* New detector designs (RSU) bring new challenges.
» Temperature control is hard.
* Chiller issues have kept us from taking data for a long time.

 But the vacuum jacket in PICO-500 should help with this.
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* New detector designs (RSU) bring new challenges.

» Temperature control is hard.

* Chiller issues have kept us from taking data for a long time.
 But the vacuum jacket in PICO-500 should help with this.
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The Impact of PICO
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The Impact of PICO

Piezo Design
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The Impact of PICO

Within Astroparticle Physics

LTC6912

—

G,

FILTER OUT F— A
THS4561
Gy
RE PN ——
] OUT- <
SPI gain control =

—G,=0-64

M. Agostini et al (2025)
https://inspirehep.net/literature/2913789
* Pre-amplifier for acoustic
positioning system for P-ONE
ended up informing design of
PICO piezoelectric sensors.

/ Michael Rangen
Alberta (Electronics tech.)

Piezo Design
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The Impact of PICO
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* Pre-amplifier for acoustic
positioning system for P-ONE
ended up informing design of
PICO piezoelectric sensors.
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E Alberta (Electronics tech.)

Piezo Design
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Outside Astroparticle Physics
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» Some interest in our bubble
tracking optical software for
medical imaging.

 PICO DAQ set-up could carry
over to projects like physics of
curling research, for example.

42
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Training the Next Generation

» A small collaboration means everyone works a bit on everything and develops diverse skills.

Hardware Software
Experimental
Astroparticle

Physics
Data .
Analysis Leadership
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Training the Next Generation

A small collaboration also provides ample opportunity for HQPs to take on leadership roles.

PICO-40L Detector Manager
Jeremy Savoie

Analysis Coordinator
William Woodley

EDI Committee Chair
Remington Hill

Ombudsperson
Mackenzie Dean

Young Member Representative
Rajan Anderson Dornan
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Training the Next Generation

» A small collaboration also provides ample opportunity for HQPs to take on leadership roles.
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Jeremy Savoie EDI .
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i i . Youn
Analysis Coordinator Climate g
William Woodley Members
Survey
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EDI Committee Chair
Remington Hill EDI Committee
Ombudsperson . EDI
Mackenzie Dean Onboarding
Budget
Young Member Representative External
Rajan Anderson Dornan Advisors
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Looking Ahead

* There is still considerable WIMP parameter

107%°
space left to search.

-37
* Low neutrino floor for C;F; allows PICO to probe 0

the SD parameter space more deeply than many
other experiments.
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» PICO also has the potential to search the low-
mass region by using hydrogen-loaded target
fluids such as C,H,F,.
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« Bubble chambers are a mature technology,

offering low backgrounds for low cost. 1042
* PICO-40L validates large-scale implementations 107%
of the RSU design that will be used for PICO-

500. 1074

SD WIMP-Proton Cross-Section, GSD (cm?)

101 102 10°
WIMP Mass, m, (GeVc~?)
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Summary

PICO-40L is ready to take new data! Meanwhile, many interesting analyses are in progress at the moment.

PICO-500 assembly is progressing well and will be completed early next year.

PICO-500 is expected to set world-leading limits on SD WIMP dark matter interactions.

Fantastic opportunities for learning, developing skills, and sharing knowledge.

W. Woodley 50



Summary

PICO-40L is ready to take new data! Meanwhile, many interesting analyses are in progress at the moment.

PICO-500 assembly is progressing well and will be completed early next year.

PICO-500 is expected to set world-leading limits on SD WIMP dark matter interactions.

Fantastic opportunities for learning, developing skills, and sharing knowledge.

Thank You
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