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What is it?

Bubble chamber
targeting nuclear recoi
interactions with WIMPs

Superheated freon in the target
volume

Bubble detection via cameras,
dytran, piezos, etc.
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Wall Events

Background events
Alphas interacting close to the outer jar

Two types:
o Pool
o Film



SNgLAB

Pool Boiling bubble

/
detachment

Defect acts as nucleation
site for bubble —

Detaches from the trunk at
some critical size

trunk

Typical defect

Tru N k Ccan p u Isate dan d [Wall Boiling, Alexandre Leblanc 2023]
form a stream of bubbles




Film Boiling

-  Bubble encounters film of

vapour near the wall < 7 T

- Develops distinct base
structure

- Forms an unstable
interface as the bubble

grows rapidly

\ / _Trunk
S~ .af

Distinct base
[Wall Boiling, Alexandre Leblanc 2023]
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Acoustic Signal SNGLAB

Piezo 9 Waveform
Run 20240108 1, Event 28

- Tracked by several piezos in |
various locations around the N
detector S

- Recorded as a measure of time g O
and voltage o

- Only a small part of the signal ]
is from the bubble 3
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f-0 space pre—bubble nucleation
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Acoustic Entropy SNGLAB
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- Shannon Entro py quantifies the E\:/olution o:fentropyiforpiezofo (Run 2(3)230209_50, Eventj')
degree to which the frequency T
space is non-uniform
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- Does the entropy evolve
similarly for different event e e S B T
types? ;
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Film Boiling

Entropy [arb. Units]
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Pool Boiling

Entropy [arb. Units]
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S[arb. Units]
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Are these differences consistent over SNotAB
many events?

- Use rate of change in entropy to compare pool versus film
events
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- Taking derivative requires
smoothing

o Gaussian kernel regression
o Bandwidth (h)

Smoothing

Ki(z) o exp( - }(a/h)?)

B Z;ﬂ 1 K(to — t,r'} Sj
Z}l 1 Khn(to — ti)

(o)



Slope Calculation

- Compute derivative, detect the minimum

- Build interval outward from minimum
such that the derivative does not drop
below fractional threshold

- Check to see if interval covers a
significant amount of entropy range, and
time (not just a tiny spike in the curve)

- Calculate average slope from end points
of interval

Entropy
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Optimization

Test a range of values for each
parameter involved in the
calculations of the slope

Assign a score based on the
difference in mean relative to the
standard deviations

Maximize score, and number of
events accepted
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stribution of Entropy Change Rates
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Average Slope of Entropy Drop [S/ms]
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Piezo 11 - Distribution of Entropy Change Rates
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Slope Differences Between Piezos
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Likelihood Function SNat AB

Posterior Probability of Film Events as a Function of Slope
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- Evaluates entropic slope values
to find the probability of the
event being Pool or Film
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- Value for each piezo, can
multiply together to form
overall probability

Posterior Probability of Film Events
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L(z) =
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Results

- PICO will be able to distinguish between the types of wall events
easily and effectively

- Can build large datasets for further analysis without tediously
hand scanning each individual event
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Thank you to the PICO team, and everyone SWB
who supported me throughout the term!

-  Remington Hill
- Dr. lan Lawson

- Dr. Stephen Sekula
- Shane Meister

- Paul Grylls

- Christian Gaudreau
- Ashley Mathewson
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