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Bubble Chambers

e | ong history with particle
ohysics, and even with
dark matter

e Particle interaction causes

nucleation In superheated
fluio

® [his grows into a visible
(and detectable) bubble

/

e Chamber can then be

recompressed and ready
for the next event
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1heory,
Graphically

e At high pressure
the medium Is
stable in the
Iquid state
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1heory,
Graphically

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

~ Gibbs potential (arb. units)
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1heory,
Graphically
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Experiment Overview
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Why do we think this will work"?

Jume from acoustic onset [ms]

50 0 s 100
Time from PMT trigger [ns]
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e [his has been tried with a
very small xenon bubble
chamber at Northwestern

¢ Results were successful,
and backed up what we
thought would happen
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Why push this threshold?

077/ e SuperCDMS SNOLAB SNOWMASS projection 2022
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Limit Projections e _ 
Gradient of Xe discovery limit, n = —(dlnc/d1n MT) ™
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How will we do this?

e Roughly 10kg of argon

e SIPMs used for scintillation
detection

e Much of the Internal detall
modelled on PICO 500

e “Only” added challenge is to
keep It cold

ﬁ
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How will we do this?

e Roughly 10kg of argon

e SIPMs used for scintillation
detection

e Much of the Internal detall
modelled on PICO 500

e “Only” added challenge is to
keep It cold

Feedthroughs
Cryocooler
Camera
Thermosyphon viewports
condensers
HDPE castle

SiPM panels

Fused silica vessel

Thermosyphon
YP & LAr volume

evaporators

Bellows Pressure vessel
Cryogenic valve Vacuum jacket

Hydraulic Cylinder
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.. Collaboration Plan

2) Build and install
detector at SNOLAB

1) Build and

for DM search
COmMmMISSION
detector at
Fermilalb for
threshold . 3) Upgrade and

testing

Mexico

iINstall detector from
1) at a reactor for
neutrino studies

Guatemala
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Detector Readout Systems

Bubble Imaging
3 Raspberry-Pi Cameras + LEDs




Detector Readout Systems

Bubble Imaging Scintillation System
3 Raspberry-Pi Cameras + LEDs 32 VUV4 Hamamatsu SiPMs
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Detector Readout Systems

Bubble Imaging Scintillation System
3 Raspberry-Pi Cameras + LEDs 32 VUV4 Hamamatsu SiPMs
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Developments

Lots of positive developments

e e have spent the past six months investigating
and reducing risks

e Will go through these individually, as this is important -
f
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e Jested at Fermilab

e Passed all required tests
[0 operate

e Flled PV with argon,
cooled using
thermosyphons
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Tests at Operational Temperatures
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e (Great concern about our
spring-energized PTFE

Quter jar seal
J seals

here at quartz/

glass interface e Jested at Queen’s both

warm and cold to leak level
~107 | mbar/s He

e Also constituted a complete
construction of the Inner
detector

Another one
here for the
inner jar

@



Custom Seal Test

P d (!\,_;
“o ’p "A
;’ 'gL-

e (Sreat concern about our
spring-energized PTFE
seals

e Jested at Queen’s both
warm and cold to leak level
~107 | mbar/s He

e Also constituted a complete
construction of the Inner
detector




UNIVERSITY

ueens

le—-6

Channel 1
' ' ' "Channel 3 ' '
—
' ' ' "Channel 5 '
' ' ' "Channel 7 '
' ' ' "Channel9 '
0 1 2 3 4 5 6
Time (ns)

I
T
T
T

SBC-Fermilab SiIPMs

o o~ <t © [v'e} .
© ] ) LD | | ] :
c c c c ) c —
c c c c c [}
© © © © © e
= = = = = =
(@) (@) () () (@)
)
|
S

+2.11e3

S 2 S g 8 3 8 g8 8 8 g8 88 &8 8 3
© oo = 4 a4 o o © © © S ® © =2 A  ©

R R SV R N O+ o N 4 =4 9 N 0~N 0N
(Dav) apnyijdwy (Dav) apnyijdwy (Dav) apnydwy (Dav) apnydwy (Dav) apnidwy

the DAQ system and test it out with the

=
D
O
o
@
O
®
&
D
=
D
=
LB
®©
D
-
—
r
O
T
LL]
)
Z

R

g
ARV3H dOIB S
P 24 yze. -
. :\AESOOQWEZQ;
- N
TOP

..:3
QNOWNVH B

<

Experiment Status - SIPM DAQ) ...

Wi HAMMOND T
R ONIINLOVANNY WY MO DR —T |
t_sﬂ \mn\ - ONIEENOWNKH b %:ﬂmw,\d. L MA \

e OND E SN

. m HAMNCTTURING - : -



EXperiment status
' lll’“

-

M
> - " e Fermilab chamber

assembpled and ready
to be Installed

ll

o Small issue with the
elevator to get
underground...

o All fixed now, should
go down “soon”




EXperiment status

e Both inner assemblies
constructed

e Fermilab version
cleaned, transported,
Installed,
commissioned

e SNOLAB version ready
to be cleaned and
transported
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EXperiment status

e Both inner assemblies
constructed

e Fermilab version
cleaned, transported,
iINnstalled,
commissioned

e SNOLAB version ready
to be cleaned and
transported
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Experiment Status - Shielding

HDPE top beams ——» -..

Water boxes

e Extensive effort put into determining
shielding necessary to run

Copper gamma shield

12 ft
SBC

e New ideas being presented which
take advantage of interplay between
threshold and gamma background




Conclusion

o SBC is a great future experiment

e [he conclusion of the Fermilab tests will push
more focus onto the SNOLAB chamber

o \We'll be taking data soon!
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