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Revisit a bit of history

• In 1956, Glaser made a xenon 
bubble chamber 

• No bubbles in pure xenon even 
at 1keV threshold with gamma 
source 

• Normal production in 98% xenon 
+ 2% ethylene (scintillation 
completely quenched) 

• Scintillation suppresses bubble 
nucleation (?)
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LETTERS TO THE EDITOR
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FIG. 1. Tracks of electrons produced by gamma rays from a
100-mC radium beryllium source placed 8 in. from the center of
a bubble chamber 1 in. in diameter filled with liquid ethylene at—1.8'C. The density of the liquid is about 0.5 gjcm'. The dura-
tion of the light flash is 5 msec and the flash occurred 3 msec
after the expansion was initiated.

escaping in optical radiation, we dissolved some ethylene
in the liquid xenon in the hope that it would "quench"
the scintillation eRect by coll.isions of the second kind.
With less than 2% by weight of ethylene, the bubble
chamber became radiation sensitive and produced.
copious tracks of electrons when exposed to a 25-mC
radium beryllium source of gamma rays as shown in
Fig. 2. A large number of pictures have been taken of
this xenon chamber and indicate that the track forma-
tion is reasonably insensitive to the temperature and
to the proportion of ethylene.
As a particle detector the xenon bubble chamber

has properties similar to those of nuclear emulsion. The
density of the liquid is 2.3 g/crn, the radiation length
is 3.1 cm, and the Coulomb scattering constant is about
the same as that of emulsion. Since the accuracy of
scattering measurements increases as I.', if I is the
length of track measured, the xenon bubble chamber
should yield useful scattering measurements because
of the long track lengths possible, even though the
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FIG. 2. Tracks of electrons produced by gamma rays from a
25-mC radium beryllium source placed 8 in. from the center of
the same chamber filled with liquid xenon containing 2% by
weight of ethylene and operated at —19'C. The density of the
liquid is about 2.3 g/cm' and the lighting conditions are the same
as in Fig. 1.

accuracy of determining coordinates of points on. a
track is less by at least a factor ten than for emulsions.
There is no basic limit on the possible size of xenon
bubble chambers for use with pulsed accelerators. It
competes in cost with large emulsion stacks because the
liquid can be used indefinitely for many experiments.
The main advantages of the xenon bubble chamber
are that scanning of the photographs is easy and gamma
rays can be detected efficiently by their production of
Compton electrons at low gamma energies and electron
pairs at high energies. Association of these gamma rays
with their parent events should be easy because of the
very low background of events per picture in bubble
chambers, and the very rapid bubble growth which
allows simultaneity of events to be estimated by
bubble size to less than a millisecond. It therefore
should be possible, using a xenon bubble chamber, to
study directly those decay modes of unstable particles
involving gamma rays and neutral pions, which decay
rapidly in flight into gamma rays, and other nuclear
processes in which gamma rays are emitted. It should
be possible to determine the energies of gamma rays by
multiple scattering measurements of the electron pairs.
We would like to thank Dr. Cyril Dodd and C.

Graves and L. O. Roellig for help in making some of
the early runs. The Linde Air Products Company gener-
ously donated to the University of Michigan the xenon
used in our experiments.
Tote.—After our experiments were completed, we

learned in a telephone conversation with Dr. Keith
Boyer of the Cyclotron Group at the Los Alamos
Scienti6c Laboratory that the high speed and scintilla-
tion efFiciency of xenon gas depends only very slightly
on pressure from a few millimeters of mercury up to 3
atmospheres. A small admixture of a few tenths of a
percent. of gaseous hydrocarbon, however, is found
to practically destroy the scintillation eRects. If the
same mechanism is at work in the scintillation
"quenching" as in the xenon bubble chamber, we might
expect the large scintillation efFiciency of xenon to
extend to the liquid state at —20'C and 20 atmos-
pheres of pressure.
It seems rather remarkable that the same eRect

should be found under such different thermodynamic
conditions. Perhaps it will be possible to adjust the
percentage of hydrocarbon admixture so that the liquid
xenon retains some of its scintillating efficiency and
also produces bubble tracks. Then one might be able
to observe spatial as well as temporal data for each
nuclear process of interest. Thus decay times of par-
ticles, for example, could be associated with their
identity as revealed by their daughter particles, etc.
*This work was supported partly by the National Science

Foundation and the U. S. Atomic Energy Commission.' D. A. Glaser, Proceedings of the Fifth Artnttol Rochester Con
ference on High Energy Physics (Interscience Publishers, Inc. ,
New York, 1955).

2 D. A. Glaser and D. C. Rahm, Phys. Rev. 97, 474 (1955).
3 R. Eisberg (private communication).' D. A. Glaser and L. Q. Roellig (to be published).

Phys. Rev. 102, 586 (1956)



The “traditional” bubble chamber
• Superheated target 

(C3F8, CF3I…) 

• Particle interactions 
nucleate bubbles 

• Cameras and acoustic 
sensors capture 
signals 

• Chamber 
recompresses after 
each event 
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The “Scintillating” bubble chamber
• Superheated scintillator 

(Xe, Ar…) 

• Particle interactions 
nucleate bubbles and 
cause scintillation 

• Cameras and acoustic 
sensors capture signals, 
photodetectors collect 
scintillation light 

• Chamber recompresses 
after each event 
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• Extra information for background 
rejection compared to PICO 

• Improve on 1010 gamma rejection 
• Better rejection than usual xenon 

detectors 
• Good position reconstruction from 

cameras
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Potential Benefits



Electron recoil sensitivity
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Electron recoil sensitivity 
in C3F8 and CF3I from 
various PICO calibration 
and dark-matter chambers



Northwestern Chamber

• Operated at 4keV 
threshold  

• Camera ported 
through sapphire 
window 

• Mirrors allow two 
angles on the bubble
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An event
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Timing

• Look at the time 
difference between 
scintillation and 
acoustics 

• Derive the speed of 
sound in xenon (to 
~20%)
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The SBC Detector

• Roughly 10kg of 
Argon 

• SiPMs used for 
detection 

• Much of the 
internal detail 
modelled on 
PICO 500
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The SBC Detector

• Roughly 10kg 
of Argon 

• SiPMs used 
for detection 

• Much of the 
internal detail 
modelled on 
PICO 500
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Vacuum jacket body
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Space containing physics experiment and liquid CF
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 at 90 K 

(-300 F)
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Piston shaft
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The SBC Detector

• Roughly 10kg 
of Argon 

• SiPMs used 
for detection 

• Much of the 
internal detail 
modelled on 
PICO 500
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The SBC Detector
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• Roughly 10kg 
of Argon 

• SiPMs used 
for detection 

• Much of the 
internal detail 
modelled on 
PICO 500



The SBC Detector
• Focus now is 

design
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Pressure vessel and vacuum 
jacket bid spec is finished, will 

go out shortly



The SBC Detector
• Focus now is 

design
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Inner and outer jar have been 
designed and we are talking 

to manufacturers



The SBC Detector
• Focus now is 

design
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One key component is the 
quartz-to-metal seals.  The 

technology has been 
identified and engineers are 

being consulted.



The SBC Detector
• Focus now is 

design and 
construction
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Cryogenic heads already 
constructed (Queen’s 

purchased, machined at 
UofA)



Physics Goals
• Building two detectors for two different 

physics goals 
• One for installation at SNOLAB 

• Look into low background 
response and feasibility for dark 
matter search 

• One for installation at ORNL (?) 
• Look to further study coherent 

neutrino scattering 
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Physics Goals
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Task Breakdown
Task definition has happened, progress on all fronts 
•WBS 1.1 Cryostat and Pressure Vessel (Fermilab / Dahl) 

•WBS 1.2 Inner Assembly (Queen's / Clark) 

•WBS 1.3 Fluid Systems (Alberta / Piro) 

•WBS 1.4 Cryogenics (Fermilab / Lippincott) 

•WBS 1.5 Optics and Imaging (Northwestern / Dahl) 

•WBS 1.6 Scintillation Detection (TRIUMF / Giampa) 

•WBS 1.7 Acoustic Detection (IUSB / Levine) 

•WBS 1.8 Shield Systems (UNAM / Vazquez Jauregui) 

•WBS 1.9 Calibration (Drexel / Neilson) 

•WBS 1.10 Online Computing (Northwestern / Dahl) 

•WBS 1.11 Offline Computing (TBD)
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Schedule
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Completed
Work started
WBS v Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19 Jul-19 Aug-19 Sep-19 Oct-19 Nov-19 Dec-19 Jan-20
MS Double-jar leak check

PV/OV Out for bids PO out PV/OV arrive
Rocco -> Piston solution identified Begin drafting bid package Bid package review
Russ-> Piston interface spec Hangar interface spec Seals Bid package review Hangar tie-rod spec Piston shaft specs Safety Documentation
Bill -> Piston penetrations OV flange layout PV inner wall attachment points Bid package review

OV shell layout, legs, ports

IV (Jars)
Seals fixed Dimensional contraints fixed Jar clamp FEA Jar material assay Jar procurement

Alberta Machining (all enough for 2x chambers) Condenser Heater block Evaporators Titanium rings Bellows supports PTFE, HDPE PV parts

FNAL Facilities
Identify space, Tech for surface assembly Occupy Space Identify space UG

Fluids
Fill/Empty / E-recovery plans w/ simplified P&ID TS P&ID Warm hydraulic P&ID Pneumatic P&ID Complete P&ID Fluids Layout

Cryo
Order cryomech
Start condenser fab Start Evap Fab Start TS panel fab Cryo ready to install on OV

Complete COMSOL Start thermal strap fab
Spec heater/RTD mounts

Cameras
Design camera back flange PO -- camera feedthrough Test cameras cold by now
1-mm transmission test 1-mm transmission w/ fluorinert

SiPMs
Test setup @ NU P-cycle VUV-4 and IR LED Cold test UV LEDs Identify SiPMs by now Buy SiPMS

Test setup @ Queens VUV-4 vs FBK (IR+175) Electronics tests Identify SiPM electronics chain by now Buy SiPM bases, digitizer, DC supplies, amps

Acoustics
First sensors -> NU

P-cycle @ NU

Sensors Test pressure tansducer Test bellows postion sensor

Calibrations
Have full G4 model by now Have calibration plan by now



Timeline

• Technical design happening now, to be 
complete by the middle of 2019 

• Assembly and commissioning at 
Fermilab continues into 2020 

• Assembly of second detector may 
happen elsewhere 

• Installation at the earliest early 2021
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Conclusion

• This is an exciting experiment that has 
several applications 

• A group of strong, young physicists has 
been formed to push this forward 

• Installation at SNOLAB is the priority of 
all groups
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Questions to be answered

• Can this style detector be operated for a 
DM search? 

• Can the ~1keV threshold be reached in 
xenon? 

• What’s the nuclear recoil efficiency at 
that threshold? 

• What is the low threshold behaviour?
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