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Combine the electron recoil discrimination of bubble chambers +
the and of liquid noble scintillation detectors.

Discovery,
accelerated



2 TRIUMF S
The SBC Overview

Combine the electron recoil discrimination of bubble chambers +
the cvent-by-event energy resolution and low-thresholds of liquid noble scintillation detectors.
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Bubble Chambers:
e Tunable Threshold O(keV).
ER Blindness.

o
e mm-scale Position Resolution.
e Scalable Technology.
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2 TRIUMF S
The SBC Overview .

Combine the electron recoil discrimination of bubble chambers +
the event-by-event energy resolution and low-thresholds of liquid noble scintillation detectors.

Bubble Chambers:
e Tunable Threshold O(keV).
e ERBlindness.
e mm-scale Position Resolution.
[

Scalable Technology.

Scintillating Bubble Chambers:
e Lower Threshold O(40 eV).
e ERBIlindness.
e Retain mm-scale Position Resolution.
e Calorimetry abilities, through
scintillation.
Scalable Technology.
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The SBC Overview §

Combine the electron recoil discrimination of bubble chambers +
the event-by-event energy resolution and low-thresholds of liquid noble scintillation detectors.

Bubble Chambers:

e Tunable Threshold O(keV). 102 — Sene RNty ST -

e ER Blindness. 0% AN

e mm-scale Position Resolution. 104 F Z ‘EE%EE:L ”'i

e Scalable Technology. 10°} 2 moos |18
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Scintillating Bubble Chambers:
e Lower Threshold O(40 eV).
e ER Blindness.
e Retain mm-scale Position Resolution.
e Calorimetry abilities, through
scintillation. (on Baxter Conference on Scence atSURE Mar 14.2017) Mora in PRD 100, 082006 (2019), arXiv:1910.09124

Scalable Technology.
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Perform competitive Low-Mass WIMP : Precision study of reactor CEVNS
search (0.7-7 GeV/c2) | interactions for Argon and Xenon
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The SBC Strategy
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SBC-Fermilab - Phase 1

Build and commission the first detector
at Fermilab.
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SBC-Fermilab - Phase 1

Build and commission the first detector
at Fermilab.

SBC-SNOLAB - Phase 2

Build and install a second detector at
SNOLAB for low-mass dark matter
searches.
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SBC-Fermilab - Phase 1

Build and commission the first detector
at Fermilab.

SBC-SNOLAB - Phase 2

Build and install a second detector at
SNOLAB for low-mass dark matter
searches.

SBC-CEVNS - Phase 3

Upgrade and install detector from (1) at a

reactor site for CEVNS studies
(currently considering Laguna Verde Mexico).
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\ P # 3
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PRL 118, 231301 (2017), arXiv:1702.08861
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e Demonstrated
o Liquid Xenon Bubble Chamber at 500 eV E
o Target Mass = 30 grams
o 0.3% Overall Photon Collection Efficiency

e Next Program
o Liquid Argon Bubble Chamber at 40 eV E,
o Target Mass = 10 kg
o ER Background of 1 Bubble / Ton-Year

(thermal fluctuations)

o 2% Overall Photon Collection Efficiency
(1-photon ~ 5 keVr)
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Vacuum Pressure
Jacket Vessel

e “Right-side-up” geometry with

thermal gradient. = Piezo

* IR LED
e 10 kg of LAr + O(100) ppm Xe target PV
contained within fused-silica Jar. 130
e Pressure cycles 20-360 PSIA. Fused
S > Silica
e Events detected by: Cameras, Jars
Piezos acoustic sensors, 90 K
Si-Photomultipliers (SiPMs).
_| Hydraulic
e SiPMs immersed in hydraulic fluid Piston

(liquid CF,, at 130 K)

Discovery,
accelerated



TRIUMF

“Right-side-up” geometry with
thermal gradient.

10 kg of LAr + O(100) ppm Xe target
contained within fused-silica Jar.

Pressure cycles 20-360 PSIA.

Events detected by: Cameras,
Piezos acoustic sensors,
Si-Photomultipliers (SiPMs).

SiPMs immersed in hydraulic fluid
(liquid CF, at 130 K)

Cooling
Head

Vacuum
Jacket

Pressure
Vessel

Fused
Silica
Jars

SiPMs

Cooling
Band

Jar
Bellows

Hydraulic
Cylinder

M. Laurin, Université de Montréal
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3 High-Speed
Cameras

Speed of 100 fps and
resolution of 1.0 MP

32 Hamamatsu
VUV4 Quad SiPMs

detection of scintillation light
down to ~5 keVnr
interactions
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e Thermal Fluctuations W 2 g § 2
have to be considered at N vl § ik
O(10) eV in threshold. w PN | -

o SBC design target is 1 o N v S
bubble / ton-year at a 15 20 25 30 35 40 45 50 55 60

Discovery,
accelerated



& TRIUMF

e Challenges:
o Maximum rate ~1k bubbles / day
o No energy information below 5
keVr (with current SiPM coverage)

e Advantages:
o Ability to go gamma-blind, using a
photo-neutron source.
o mme-resolution spatial
reconstruction.
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'Be(y,n), Q=1664.5 keV

arXiv:1602.05911
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Pressure Vessel
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Install, commission, operate SBC-Fermilab.

In parallel, build SBC-SNOLAB.

Commission and operate SBC-SNOLAB.
Upgrade and install SBC-CEVNS at reactor site.

SBC-CEVNS
Deployment
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e Scintillating Bubble Chambers provide a scalable, ER
blind, detection technique for low-mass WIMPs.

e Calibration studies of the next LAr (+O(100 ppm) Xe)

Bubble Chamber (SBC-Fermilab) expected by 2021.
o Designed target threshold of 40 eV.
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e The preparation at SNOLAB as started for the second
detector (SBC-SNOLAB), with underground

construction anticipated to start in late-2021.
o First WIMPs results by 2022.
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e Currently investigating possible sites for reactor
CEVNS demonstrator.

e

S| WIMP-nucleon cross section [cmz]

107 £ vfloor

e Gearing up for future tonne-scale SBC-SNOLAB.

1076 :

Discovery,
accelerated

WIMP Mass [GeV/c?]



Backup Slides



& TRIUMF
Key Considerations

Critical Radius:

Smallest vapor bubble that will spontaneously
grow in a superheated liquid.

Seitz Threshold:

Minimum amount of energy required to create
a vapor bubble with a critical radius.

NR/ER Response:

NR leads to Nucleation, can ER also induce
Nucleation?
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+ —ripp (hy — hy)| 1.81keV

=3.19 keV

-0.15 keV
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e 1956 - Glaser finds pure xenon doesn’t work (for tracks).

e 1962 - Stump & Pellett and in 1981 Harigel, Linser and Schenk tried Ar / N2 chamber
prototypes. Pure argon requires O(10 ev) threshold to observe tracks.

e 2016 - First observation of simultaneous bubbles + scintillation in pure xenon (NR’s only).

e 2017 - Xenon chamber pushed to 900 eV thresholds, still no evidence of ER induced
nucleation. 10-kg Argon chamber is proposed to Fermilab LDRD.

e 2018 - SBC collaboration is formed, and the 10-kg Arcon chamber conceptual design is
completed.

e 2019 - 10-kg Argon chamber technical design completed, start of construction.
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Cryomech AL300 Cryocooler
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Text Legend
- Thermal Control

- Bubble Imaging

- Pressure Control

- Target Flwd

- Scintillation Detection
- Acoustic Sensors

- Structural

Cylinder support rods

Vacuum Jacket Legs

Hydraulic Cylinder
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* Silica jars opaque to
128nm Ar scintillation

* 10ppm Xe sufficient to
exchange Ar,* for Xe,*

— 175nm, jars transparent

— Side-effect: lose pulse-
shape discrimination A. Neumeier et al 2015 EPL 109 12001
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