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▸ There is lots of evidence for dark matter (DM)
▸ Early and late cosmology (CMB, LSS)
▸ Clusters of galaxies
▸ Galactic rotation curves

▸ No idea about its composition at the particle level

Dark matter evidence
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Dark matter : the famous candidate

• Constraints from astrophysics and searches for new particles:

- CDM (Cold Dark Matter) :
à Not relativistic

- Non-baryonic

- Massive & stable particle

- Neutral particles

- Very weakly interacting

- Not Standard particle model

à New physics!

Favorite candidate is Weakly Interacting Massive Particles (WIMP).
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Candidates for Dark Matter

Figure adapted from arXiv:1707.04591

Light WIMPs
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Direct Detection :
Elastic scattering on nuclei

→  Look for the recoil of
the target nucleus.

• Very low recoil energy

• Wimp interacts with nucleus
à Nuclear Recoils
à Detectable via different channels

Target
Nucleus

Recoil

Energy ER
(1-100 keV)

c

c
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(XENON1T, LZ, PANDAX, DEAP-3600,                                           
PICO, EDELWEISS …)

DAMA-LIBRA

DEAP

XENON1T EDELWEISS

PICO

How to detect directly WIMP ?



Just to give you an idea !!

Target 
Nucleus

Recoil

c

c
1mm

The recoil created by the WIMP is
comparable to a grain of salt that
touches the ground with a force
divided by 100 billions.

Very low energy to detect !!
--> Hyper sensitive detectors !!

Direct Detection :
Elastic scattering on nuclei
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Direct Detection Experiment

Scintillating Bubble chamber &
Cryogenic bolometers

DAMA-LIBRA

XENON1T

Scintillating Bubble Chamber
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Figure adapted from arxiv:2104.07634

Threshold & atomic mass

Detector 
size 

& 
exposure

Landscape of Dark Matter

Neutrino floor
CEvNS
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• Ultimately: solar, atmospheric and supernovae neutrinos

The coherent neutrinos scattering (CE!NS) will be the limiting irreducible 
background creating a “neutrino floor” for all DM experiments.

CE"NS can produce nuclear recoil and they cannot be shield

• Strategy :

à Directionality channel or add it in current technology
à Dedicated CE!NS calibration using nuclear reactor

Ultimate background

Image credit: Symmetry magazine J. Billard et al. PRD 89, 2014
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What do we need for Direct Detection???

CHALLENGES FOR DIRECT DARK MATTER SEARCHES

Enemies : muon-induced neutrons, gammas, neutrons,             
intrinsic betas decays, alpha background, neutrinos !
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The SBC Collaboration
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Bubble Chamber 

SBC: Scintillating Bubble Chamber

• Active liquid:  
• 10 kg total of Liquid Argon doped with Xenon 
• Xenon acts as a wavelength-shifter (178nm)

• Detector:
• Superheated liquid within a pressure controlled 

vessel cooled at 130° Kelvin (-143.15ºC)

• Read-out: 
• Piezo-electric sensors/ pressure control unit. 
• Cameras à excellent position reconstruction.
• Silicon Photomultipliers: SiPMs
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Detector principle

Liquid

Gas

Solid

LiquidVapor
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• Bubble chambers are filled with superheated fluid:

à Meta-stable state.

• Regulated by temperature and pressure: 

à Each condition of temperature and pressure 
correspond to an energy threshold.

à This is the Seitz energy threshold

• Bubble chambers are threshold detectors

Bubble chamber principle

à Should not be liquid at this pressure and temperature

à Heat spike model

à Energy deposited > Energy threshold PICO 2L Detector
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Why Bubble Chamber?

CF3I

C3F8 But no energy information!!
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Scintillating Bubble chamber

Mixing technologies: 
Bubble chamber (PICO)  +  Scintillation (DEAP, DarkSide-20k)

Combine the Electron Recoil discrimination of bubble chambers 
and the event-by-event energy resolution.

Scintillating Bubble Chamber SBC

Scin%lla%ng	Bubble	
Chambers	for	
WIMPs	and	

Reactor	CEvNS	
Eric	Dahl	

Northwestern	University	
Fermilab	

	
Novel	Instrumenta%on	for	

Fundamental	Physics,	Nov	2018	
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à See talk C. Moore à See talk Friday by S. Manecki



M-C.Piro 17

Scintillating Bubble chamber history

• 1956 – Glaser finds:
– No bubbles in pure xenon

even at ~1 keV threshold
(with gamma source)

– Normal bubble nucleation in 
98% xenon + 2% ethylene
(scintillation completely 
quenched)

• 1962 (Stump, Pellett),
1981 (Harigel, Linser, Schenk)
– Tracks seen in pure argon, but 

only at extreme (O (10) eV) 
energy threshold.

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)

Liquid-noble Bubble chambers didn’t seem to work…

Scintillation suppresses Bubble nucleation!
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Xenon Bubble Chamber 

Proof of principle:
• 30g Xenon Bubble Chamber

Acoustic Signal

Scintillation Signal

PR
L 118, 231301 (2017), arXiv:1702.08861

Bubble position (camera)
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• Seitz thresholds as low as 0.5 keV
• Evidence of nucleation by Nuclear Recoils below 5 keV
• No sign of Electron Recoils nucleation at any threshold

Scintillation suppresses Bubble nucleation!

Xenon Bubble Chamber 



M-C.Piro 20

New Detector: The SBC

The SBC Strategy
• Two detectors to be built for low-mass dark matter and CEvNS
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Status and Timeline

● SBC at

● Assembly and commissioning: Present → 2023
● Science operation: 2023 → 2024

● SBC at 

● Construction = SBC-Fermilab + 1 year
● DM search: 2024 & 2025

● SBC-CEvNS

● Experimental program follows calibration at FNAL
● Site investigations are underway → Laguna Verde
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The detector

O(10 kg) LAr contained within two fused silica jars, inner and outer jars.
• Hydraulic piston controls the inner jar position
• Piezoelectric sensor and SiPM
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The detector

O(10 kg) LAr contained within two fused silica jars, inner and outer jars.

• It’s happening now!
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o The current camera produce too much radioactivity.

o Design of the relay lens system and  a  dedicated  test bench has been built 
to test the optimal distance between lenses, the quality and resolution of the 
image in argon temperature.

New camera system for SBC (UofA)

Optic chamber

Image chamber
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SBC Experimental Design

• The full inner assembly:
placed inside a stainless-steel vacuum jacket vessel
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New Detector: The SBC

The Physics Reach
• Two detectors to be built for low-mass dark matter and CEvNS
• Energy threshold 100 eV
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o Critical to know the response of bubble chambers to nuclear recoils 
to interpret the dark matter results.

o Known that the Seitz model underestimates the response threshold 
(PICASSO, COUPP, SIMPLE, PICO, SBC).

o Parametric fit is usually used on neutron calibration data

Nucleation efficiency studies

PICO-2L
C3F8

C. Amole et al. Phys. Rev. Lett. 114, 231302 (2015)
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o New results obtained and published!

o A global fit of the simulations to the data performed to calculate the 
nuclear recoil bubble nucleation efficiency for PICO experiment

PICO-60
C3F8

D. Durnford and M.-C. Piro, JINST 17 C01030 (2022)

Phys. Rev. D 106, 122003, arXiv: 2205.05771

Nucleation efficiency studies at UofA
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o Currently applying this method to the Xe SBC detector with Xenon

o Will be applied also for the SBC detector

o However it is clear that there is a need to improve the theory of the 
bubble formation and growth in superheated liquids to understand 
the nucleation efficiency! 

Nucleation efficiency and Bubble growth

Preliminary PreliminaryPreliminary
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Summary

o Liquid argon bubble chambers
o Scalable, electron recoil blind, 
o GeV-scale WIMP 
o Reactor CEvNS detection 

technique. 

o 10kg LAr active mass is currently 
under construction at Fermilab. 

o Goal is 100 eVnr threshold. 

o A GeV-scale WIMP search will be 
conducted at SNOLAB. 

o A future 1 ton-scale detector will 
have sensitivity down to the solar 
neutrino floor: à SBC-CEvNS
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What is essential is invisible to the eye …
for particle physicists is Dark matter!

@Le petit prince

Thank you!


