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Bubble Chambers -

Why"

| ots of other good ways to detect dark
Matter, what advantages do bubble
chambers offer?

1. Background control inherent In the
detection method

2. Focus can be adjusted with minimal
effort

3. Threshold is controllable

4. Inexpensive(-ish)
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Bubble Chamber
1heory

e At high pressure
the medium IS
stable In the
Iquid state

~ Gibbs potential (arb. units)

HIgh Pressure

Density (arb. units)



Bubble Chamber
1heory

 As the pressure
IS lowered, this
Decomes
metastable, with
a potential
threshold to
OVEercome
before changing
state

~ Gibbs potential (arb. units)

HIgh Pressure

| ow Pressure

Density (arb. units)



Bubble Chamber
1heory

* [he potential
step Is
controllable with
oressure (or
temperature)
poroviding a
variable
threshold

Gibbs potential (arb. units)

High Pressure

| ow Pressure

Density (arb. units)



1he "traditional” bubble chamber

e Superheated target (CaFs, CF3l...)

e Particle interactions nucleate
bubbles

e (Cameras and acoustic sensors
capture signals

e (Chamber recompresses after each
event
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The scintillating bubble chamlber

e Superheated scintillator (Xe, Ar...)

e Particle interactions nucleate
bubbles and cause scintillation

e (Cameras and acoustic sensors
capture signals, photodetectors
collect scintillation light

e Chamber recompresses after each
event




Why would we want to do this”/

e [his is a difficult

thing to do Atomic

motion
e | ower thresholds

are not possible with
a traditional dépOSltlon
chamber in CxFy

®* [he superheated
scintillator allows
this to happen

Transfer

Heat
(Bubbles!)
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Why would we want to do this”/
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e [hisis a difficult . Sty 2 2 e
thing to do

PICO CsFg Model, 25 psia, 100 keV energy depositions
4.2 keV >’Co limit from 2017 PRL

>Co limits, background subtraction unavailable
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%8Y limits, background subtraction unavailable

88Y limits, with background subtraction

e | ower thresholds
are not possible with
a traditional
chamber

207gj limit, background subtraction unavailable
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2078 limit, with background subtraction
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scintillator allows
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P [bubbles per gamma interaction]
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What does this gain us”

L e o oo | @ | owering the
- .. SBC Sensitivity 1 keV to 10 keV threshold opens up
5 significant area in
g1 the low mass
N , search
S 10~43 Se . . ENON1T 201
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How are we doing this’

e Roughly 10kg of Argon

e SiPMs used for scintillation
1+ | detection

-
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e Much of the internal detail modelled
on PICO 500

e “Only” added challenge is to keep it
cold
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How are we doing this’
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e SiPMs used for scintillation
detection
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Bubble Imaging
 Raspberry-Pi Cameras
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Data Collection

Bubble Imaging
3 Raspberry-Pi Cameras + LEDs

Scintillation System
32 FBK SiPMs
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Data Collection

Scintillation System
3 Raspberry-Pi Cameras + LEDs

32 FBK SiPMs
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ngeles

cmas - Gollaboration Plan

2) Build and install

T 2nd detector at SNOLAB
W R Lot for DM search
United States | 02\1) BU”d and
[ Py & commission
o i ‘ detector at
Fermilab
3) Upgrade and
install detector from
1) at a reactor for
hens CEVNS studies
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Fermilab Progres

- Instrumentation wiring iIs complete
- PV Installed in vacuum jacket
- Cold test on surface
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Fermilab Progress
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e During the extensive cryogenic testing required at Fermilab, we did
sneak In some superheating
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e Fverything looks good, and what we expected
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ermilab Progres

Relocated to MINOS tunnel underground space.

---------------
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e Now located in the MINOS tunnel, »
engineering/calibration studies to begin _— e\
in ~month NEXUS | |
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/ MINOS  Gas handling  SBC
Near Detector system
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SNOLAB Proares

e [he inner assembly components built

e A fabricator for the pressure vessel and vacuum
jacket has been identified, the contract is
signedq, iterating final design -

e Wiring & PLC work has begun
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Experiment Status - Shielding

. , o o Water box + Cu shield
o [Extensive effort put into determining shielding

necessary to run u/g

e Both neutron and gamma budget being

finalized, have guided the path forward for
our operations plan

e Shield design through SNOLAB engineering

support
Neutrons Gammas
Single Scatters / y Single Scatters in ROl /y |Single Scatters in ROl / y
Unshield 4009 +/- 771 (Sys.) +/- 41 (Stat.) 3310 +/- 652 (Sys.) +/- 38 (Stat.) (2100
w/ shield S +/- 1 (Sys). +/- 2 (Stat.) 5 +/- 1 (Sys). +/- 2 (Stat.) 10 +/- in progress
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Conclusion

o SBC continues to make progress, faster than in the past
and accelerating all the time

e QOperation of the Fermilab chamber will provide proof of
threshold, the SNOLAB chamber will proceed quickly

e [he next update should continue this positive trend
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Canadian & HQP | eadershi

SCINTILLATING BUBBLE
CHAMBER (SBC)

WBS/Organizational Chart

SBC Scientific

Spokesperson p mmm g Board
Ken Clark

e Canadians hold
many leadership
DOSItIoNS

Project Functional Project Design &
Support Engineering

Project Office Physics Team

Scheduler — Alex Claveau (SNOLAB)
Advisor — Pietro Giampa (TRIUMF)
Coordinator — Alex Claveau (SNOLAB)
Controller — Roxanne Fournier (SNOLAB)

All staff involved in physics
analysis, simulations and other
similar scientific duties

Project Lead/Director — Ken Clark (Queen’s)
Project Manager — Alex Claveau (SNOLAB)

M. Laurin (U de M)
K. Dering (Queen'’s)
R. Hupping (SNOLAB)
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Of particular note,
Canadian HQP
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