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PICO Bubble Chambers

* Sealed synthetic silica quartz chamber
filled with a superheated C5Fg

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

* Looking for weakly interacting massive
particles (WIMPs)

* Compared to old bubble chambers, we
run at higher thresholds, which allows

longer livetime of order of minutes and
insensitive to tracks




Seitz Threshold
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* Insensitive to electrons at our thresholds
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Operating Principle
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Methods of Detection

/ Acoustics

e Record acoustic data of bubbles

~

* Distinguishes nuclear recoils and
alphas

* Acoustic parameter (AP), which
represents energy of the signal
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e Excellent discrimination between
bulk and wall events
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 Differentiate spatial location with
stereo reconstruction

/ Cameras

* Record 41 frames (20 before, 20
after) event genesis at 100 fps
across 4 camera
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PICO Bubble Chambers

PICO-2L PICO-60 PICO-40L PICO-500

2 Lof Cibg 35 L of CF;l and C;F 35 Lof CiF, 260 L of C;F;
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PICO Bubble Chambers

PICO-2L PICO-60 PICO-40L PICO-500
2 L of C4F, 35 L of CF,l and C,F, 35 L of C,F, 260 L of C4F;
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PICO-40L

* Proof of concept for PICO-500, currently built at SNOLAB

* Hot and cold region to prevent boiling outside the Top it Mage
camera view
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PICO-500

e Larger version of PICO-40L

* Improvements to PICO-500

* More rigorous cleaning and radon
mitigation techniques

* Improved heater design
* VVacuum jacket for temperature stability

e Spring energized PTFE seals
* Low radon permeation
» Operate at larger temperature ranges

* Muon veto system
* Variable gain piezos
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Expected Interactions: Alpha decays

Large acoustic signature

Small acoustic signature
1

. Alphas create a much larger
1€ bubble initially => record a

much larger acoustic
amplitude

The Rn-222 chain is our
largest source of backgrounds




Expected Interactions: Nuclear Recoils

PICO-40L
O

O
Neutron n O
O o

Dark matter X

(WIMPS)

Neutrinos V
(CEVNS)

<1.4 multiples, <0.59 singles
per live year

Expect 0.05 per live year

0.1 per live year

WIMPS are indistinguishable
from single neutrons or
CEVNS visually and
acoustically

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

There’s also gammas,
muons, and other non-
particle mechanism that
cause events




Background Mitigation

* Water tank added for protection against neutrons

* Thermal bath for temperature stability
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* Low background materials
* Synthetic quartz, SS, PTFE, etc

e With sample counting to
calculate expected rates

e Extensive cleaning and radon
mitigation effort
e Achieved a 0.5 um particulate

cczncentration of < 4 particulates
L_

* Working on a technical paper




Background Rejection

» Acoustic Parameter (AP) is calculated from a sum of position-corrected resonant energies
recorded by the piezoelectric sensors

* Allows for excellent discrimination between nuclear recoil and alphas

* Working on an alpha spectroscopy paper
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Current Work on PICO-40L

* Cold region chiller needed repairs
* Water tank drained for a C3Fg valve repair
* Pneumatic line leak repaired

e Currently have 1 live month of data, looking to collect
more data this year!

PICO-40L has an irreducible
background that impacts the detector,
which we believe to be from the Rn222
chain. We are currently working on it,
and do not believe will be present in
PICO-500




Current Work on PICO-500: Pressure Vessel

* The pressure ; 1\
vessel has been , 3 \\

assembled and &M ,' /
welded inside the | ‘\ | ’@%&? "ié’/f%{/////{
water tank in the § Y| %//
Cube Hall Z

* Leak checking and
radon assay are
now completed




Current Work on PICO-500: Inner Vessel

* Near finished with Inner Vessel assembly, to be inserted into the pressure vessel

e Active fluid fill around fall 2026
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Projected Sensitivities

* PICO-500 is expected to place world leading limits in the SD WIMP cross section
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Summary

* PICO-40L informs background model and operation of PICO-500

* A few papers in the works including technical papers for PICO-40L and
particulate/radon mitigation for PICO-500, and an alpha spectroscopy paper

* PICO-500 is near completion, with commissioning at end of the year.

* With results, we expect to set world leading limits on the SD WIMP dark matter
interactions



E LaurentianUniversity
UniversittLaurentienne

j f' 7 \ NORTHWESTERN
I F UNIVERSITY

C. E. Dahl
J. Farine, A. Leblanc, S
J. Basu, M. Das, C. Licciardi, U. Wichoski R. Anderson,
V. Kumar E. Vazquez-Jauregui m

O. Harris

Queens

Pacific‘ North‘west

I. Arnquist, C. M. Jackson,

E. Adams, J. Corbett,
D. Cranshaw, M. Dean, K. Dering, B. Loer
G. Giroux, R. Hill, S. Meister,
A. Mir, A. Noble “Drexel
UNIVERSITY
R. Neilson

(2] UNIVERSITY
7 OF ALBERTA

D. Auty, Z. Doucet, M. Gill, v 3 I A '~ ¥ PennState
C. Krauss, Q. Malin, E. Pattison, " | ; la
PICO 2025 3m ll\t \. % Ex

M. Rangen, W. Woodley
D. Priya, S. Priya, Y. Yan

Collaboration Meeting

Université f”\ SM e . VYsoKE m -
3 UEENI ah
Slelltinel a¢ Fermilab F &1 oot INDIANAUNIVERSITY  Kaviinstitute

M. Laurin, H. Nozard . VPRAZE
’ ; P. S. Cooper, M. Crisler, SOUTH BEND for Cosm cs
A. Robinson, J. Savoie C. Gaudreau, P. Grylls, A So:nenschein B. All, R. Filgas, D. Mamedov, E_Behnke. C. Cribe at The University of Chicago
AN ‘ E. Rukhadze, |. Stek! ' e At A
g l. Levine J. |. Collar, M. Tripathi

|. Lawson, S. Sekula



