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Bubble Chambers as
Particle Detectors
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Background events

Alphas Neutrons Electron recoill

Single bubble Multi-bubbles




Background events
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Why Bubble Chambers?

e Very low sensitivity to electron recoll
e Interchangeable fluid for different
e Large parameter space left to explore
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Why Bubble Chambers?

e Very low sensitivity to electron recoll
e Interchangeable fluid for different

e Large parameter space left to explore
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Full Exposure

[ ',I 1 D ag
| \ 3
10°% | II'-. _,r"r'f’jf/ -
! o 107
— i —
Pressure Vessel E \ P e
2 - e [
B Pty 5
BI0"E g
§ o § .-H:' 41
2 L V1 N\ S\ T el ®
=S I T T ", L 8 PICO-80 C,FF,
(] == o 10 =
E. . x = . Complete Exposure
Bellows 107" 3 -
e % n-
=% 10 F
- 3
= = \
Acoustic Sensors = — =10 -
Water (Buffer) (pi ) Em‘*‘”‘ - = N
iezos ] =
s o a5
I T e, -
Complete Exposure —— o6 L —
.-H}-H | L I T T L 1 I T T i i P 1 i L i i P S
C3F8 (Target) 10 107 107 1 10 107
WIMP mass [GeV/ic] WIMP mass [Ge\ic]

Synthetic quartz

inner vessel Cameras

C. Amole et al. (PICO Collaboration) Phys. Rev. D 100, 022001 (2019)

Propylene Glycol
(hydraulic fluid)

World-leading in WIMP-proton in
¥ 4 A S 2016-2017



60 Limitations

Freon-water-jar interface has a higher rate

Debris accumulation at the bottom of the jar
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PICO-40L

* Right-side up detector
* Remove the buffer fluid
and add a second jar

e Cold region to avoid
bubble nucleation in the
oellows

Warm

Cold




PICO-40L Timeline

2019: Assembly and system tests

May 2020: Commissioning begins with all systems active

September 2020: Commissioning halted due to chiller issues

May 2021: Leak appears internal to detector; disassembly begins
2021-2022: Fix leak, upgrades to address shortcomings of thermal system
2022: Reassembly

2023: Recommissioning and Calibrations

Imminent: Start of physics run




PICO-40L: Position reconstruction

e Stereoscopic images allows 3D reconstruction
e Spatial resolution of around 2 mm with more improvement on the way
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PICO-40L: Bubble counting with Dytran

e Dytran: Fast pressure transducer. Measures change in pressure

e Dytran signal allows for precise bubble counting
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PICO-40L: Particle ID with Acoustics

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

Raw Signal Acoustic Power
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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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PICO-500

Spin-Dependent Region

107 o o
7, a8
— o pIcY
NE 10-39 .% _-_-.-_.‘f"—
.E. . E huﬂ"ﬂ
é 1']—45 :'= y
i -: p1cO-80 CiFs
2 10 ' p1c0S0_
E »
& ""l-. ﬂ'r;ll
E "]-42 H 11&1 l,‘nﬂ“u
i 1 e
= 4 =3 LI
1[] i " gan® of
g v, R ¥
F 104 L e
= '. ;
-E —45 ’.‘4 : 'F'.ﬂn.'
E 1':] 'i'.“* 'C.-'].F".‘;IB -“'.‘.i'
104l R
5 10 50 100 500 1000
Dark Matter Mass [GeV/c?]

14



PICO-500
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Efficiency curves
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