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Bubble chamber for Dark Matter experiments
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Particle interaction — energy deposition — phase
transition in superheated liquid — formation of

bubbles

o Acoustic signal recorded by piezoelectric sensors
o  Bubbles are detected by a fast camera

Inherent advantages of bubble chamber in rare event
search
o Impressive background rejection
m  Alphaacoustic discrimination
m  Gamma or electromagnetic (EM) interaction
insensitivity (specific to target liquid and their
thermodynamic threshold)
m  Multiple neutron scattering

Additional advantage in scintillating bubble
chamber

o Noble liquid helps to go down in gamma

insensitivity
o Scintillating light : calorimetry is possible eve |
event V?Z
[



Electron Recoil Discrimination

P [bubbles per gamma interaction]

--- Average sensitivity for 88Y data

--- Sensitivity for 2°7Bi 1.14 keV point

—— PICO C3Fg Model, 25 psia, 100 keV energy depositions
4.2 keV 3’Co limit from 2017 PRL

57Co limits, background subtraction unavailable

88Y |imits, background subtraction unavailable

88Y limits, with background subtraction

207Bj [imit, background subtraction unavailable
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207Bj [imit, with background subtraction
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® Scitz threshold as low as 0.5 keV : evidence of nucleation by NRs

e Nosign of ER nucleation at any thresholds !
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Dark Matter Detection: low mass WIMP sensitivity
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/ SNOLAB detector

Competitive low mass WIMP search
(0.7-7 GeV/C?)

Reaching neutrino floor @ 1GeV
requires ER discrimination at 100 eV

SBC is the only easily scalable
technology that might achieve this

10 kg-yr projection with the

1 ton-yr projection
Sensitive to CEVNS from solar
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Predicted CEVNS sensitivity

at a reactor e 0(0.7) CEvNS events / kg-day

v specirum, (ININ: TMW_at3m))’ @ 1 MW reactor

Cosmogenic Neutrons
Reactor Neutrons

= Nucleation efficiency (Pr(T)) ° High statistics searches for non
standard neutrino interactions

BRss 5% systematic uncertainty

Pr(T)
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Rate above threshold [events/kg/day)

10" Recoil Energy Threshold [keV] !

Setup A

Setup B

Setup B(1.5)
CONNIE (Lindhard)

Beam dump

100 100 10" 100 10 100 10
Mz/(GeV)

Flores L. J. et al., Physics reach of a low threshold scintillating argon bubble chamber in coherent
elastic neutrino-nucleus scattering reactor experiments, Phys. Rev. D 103, 091301 (2021)
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SBC 10 kg LAr detector overview

‘Right-side-up’ geometry with

thermal gradient

10 kg of LAr + Xe (~1000 ppm)
target contained within the fused
silica jar

o Xe acts as a wavelength shifter:
128 nm to 178 nm

Pressure cycle 20-360 psia (~1-25
bara)

S§§ Vacuum jacket: thermodynamic
insulation of the active detector

Sensors:
o S§iPMs around the jar
o0 Piezoelectric acoustic sensors

O 3 camera for stereoscopic

bubble imaging
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Cryocooler

Vacuum Jacket Flange
<«— Vacuum Jacket Body

—— LCF, @ 130K

| LAr+1000 ppm of
Xe @ 130K
—— Fused silica jar
—— SiPM

[ Piezo

—— Pressure Vessel (SS)

— LCF, @ 90K

Pressure Bellows

Vacuum

Piston Shaft

Hydraulic Cylinder




SBC-Fermilab Objectives

® Demonstrate scalability

® Determine the bubble nucleation probability for electron recoils

® Determine nuclear recoil sensitivity

'

Inside the PV : cross sectional view
of the fused silica jars and other
controls

From outside: the vacuum jacket Inside the vacuum jacket : the
pressure vessel (PV)
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Pressure Vessel & Vacuum Jacket
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Inner Assembly : fused silica jars & the bellow system
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Controls
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Fluid control systems
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Bubble Imaging

Camera activity too high for the 10 kg LAr detector
> New design to keep them away from the active liquid
> Nanoguide system and Relay lens system under R&D
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Scintillation

32 Hamamatsu VUV4 Quads to measure the scintillation light
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Acoustics

8 piezo acoustic sensors to monitor the sound of the nucleation process
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Timelines

e SBC-Fermilab

o Assembly and commissioning of 10 kg liquid argon scintillating bubble
chamber

m Present — 2022
O  Science operation
m 2022 —2024
e SBC-SNOLAB
o GW1 approval obtained in Oct 2019
o Construction = SBC-FermilLab + 1 year
o DM search:2023 — 2024
e SBC-CEvNS
O DPreliminary site investigations are underway

o0 Conceptual design of the configuration at the ININ experimental hall
(arXiv:2101.08785)

o Experimental program follows calibration at FermiLab

15
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