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Bubble Chambers as Particle
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Background events
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Source of alpha: Radon-222
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Source of alpha: Radon-222

e Alpha particles caninduce
neutrons. ?

e Main source of alphas come from

=
radon-222, a noble gas.

e This isotope of radon comes from _ e He
. R u ﬂlﬂﬂﬂ
uranium-238, a long lived isotope

that is present in all materials. ' --

www.samaterials.com
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Source of alpha: Radon-222

e Radon will adsorb on the surface
on materials.
° e It can then decay, implanting its
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Radon Mitigation

18



Radon Mitigation

VaAVAVAVLV

Etching is not a possibility for PICO-
500.

We need to avoid radon exposure
onh our jars.

A procedure wdads developped to
follow during the assembly to
reduce radon exposure.

Max exposure: <0.9 year

The procedure consists of covering
the jars with tight aluminum bags.
Flow nitrogen through the bag to
push out radon.
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Radon Mitigation

e A bulkhead fitting is used to
flow gas through the bag.

e A simple nitrogen purge is
done for the inside target
volume.

e The inside inner jar is sealed
using our cleaning
apparatus.
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Radon Mitigation

e A bulkhead fitting is used to
flow gas through the bag.

e A simple nitrogen purge is
done for the inside target
volume.

e The inside inner jar is sealed
using our cleaning
apparatus.

e An EVOH bag will be used for
later after heating tower
installation.
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Radon Mitigation
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Radon Mitigation
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Radon Mitigation

Main contributions:

Current estimates put our * Dewar changes
exposure to 12.1 days since we ’ z:;:;; holidays
unboxed the jars 609 days ago. » Resealings after
Still ongoing!! assembly
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PICO-500

Timeline

e Construction well underway.

e Detector systems to be installed later
this year.

e Fluid fill in early 2027.

e Commissioning start in mid-late
2027.
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Credit: Lily Hines, MI/PICO

Conclusion
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Bubble Chambers as Particle
Detectors

e Bubble = Trigger
e Collect the dataq, then recompress
to start a new cycle.




Bubble Chambers as Particle
Detectors

e Bubble = Trigger
e Collect the dataq, then recompress
to start a new cycle.

e Before restarting the cycle, we
wait for the thermodynamic
properties to stabilize.




Position Reconstruction

e Stereoscopic images allows 3D reconstruction
e Spatial resolution of around 1mm

10



PICO-500

Projected Sensitivity
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Position Reconstruction

e Stereoscopic images allows 3D reconstruction
e Spatial resolution of around 1mm
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Particle ID with Acoustics

Example Alpha
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Particle ID with Acoustics

Example Alpha
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Particle ID with Acoustics

Example Alpha

2- What we analyze
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Particle ID with Acoustics

e 12 Piezos sensors at the bottom of the jar measure acoustic signals
e Magnitude of acoustic signal allows for particle discrimination

Raw Signal Acoustic Parameter

0.04 t 100 ¢

5.99 MeV + 6.11 MeV

0.02

0.00

Signal (V)
Count

—0.02

-0.04

—0.06 ¢

—0.02 0.00 0.02 004 006 008 0.10 0

Time since signal start (s) 00 o0 0.5]]]( APljU b =0



Bubble counting with Dytran

e Dytran: Fast pressure transducer. Measures change in pressure

e Dytran signal allows for precise bubble counting

Filtered Dytran
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Why bubble chambers?

Credit: Lily Hines, MI/PICO
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PICO-40L
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Alpha Spectroscopy

Alpha Position Correction AP

o standard cuts
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PICO-40L Projected limits

After approx. 1 year of livetime at 2.8 keV with 2 background events
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Lessons Learned from 40L

Credit: Lily Hines, MI/PICO
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PICO-500

e Size of the detector means
we have to assemble it
underground.

* Many low background
techniques were used.

e Radon emanation assay
analysis is currently
underway for background
characterization.
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Efficiency curves
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Bubble multiplicity
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Energy deposition

Background Nuclear Reaction
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Calculating the AP
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Full Exposure
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60 Limitations

Freon-water-jar interface has a higher rate

Debris accumulation at the bottom of the jar
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Why Bubble Chambers?
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Why Bubble Chambers?
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