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“Mind the gap”

e We have built
dichotomies:

— in our language
— in our technology

Both with good
reason...

...but the two don’t
match.
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E.g., n=2in Ar fog @ 1 GeV requires

Exploring the B CEVNS fog

Requirements:

— Scalability
* 0O(1) ton-year
— Threshold

* ~3 MeV/c recoil
momentum

— Backgrounds

* ER Discrimination
e Fiducialization

1 ton-year exposure
100 eV recoil energy threshold
non-CEVNS bkg < 1 event / ton-year
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No operating tech meets all three requirements!
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Liquid Noble
Bubble Chambers

Obijective:

Quasi-background-free detection
of sub-keV Nuclear Recoils

Signal:

Single bubble with little or no
coincident scintillation

Backgrounds:

ER’s (beta, gamma):
No bubbles

NR’s (fast neutron):
Multiple bubbles
Strong coincident scintillation
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/see arxiv:2207.12400

(SBC Snowmass whitepaper)
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Liquid Noble B

@ A
e
e

v, - :
Bubble Chambers & | L=t -7 | = piezo
~ i e IRLED
Objective: \\mu I VUV SiPM
Quasi-background-free detection \3’{’
of sub-keV Nuclear Recoils CF, | Ar + L 130 K
10ppm Xe
Signal: i ,/‘;S{\
Single bubble with little or no y—-1" gl VY (e )
coincident scintillation B T~
(ER)
. Depends on NR threshold
BaCkgtoundS' and target fluid: T 90 K
ER’s (beta, gamma): | « Freon-based chambers

No bubbles ER-blind @ ~3 keV
* Liguid-noble chambers

NR’s (fast neutron): ER'b””td @ ;1533 e\‘//'
Multiple bubbles (target 100 eV)
Strong coincident scintillation

/see arxiv:2207.12400
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Performance at Low Threshold - ER’s

ER’s in PICO (nucleation suppressed by low dE/dx)

Lack of ER’s in LXe \ ______
e

(nucleation
suppressed by
radiative losses)

P [bubbles per/gamma interaction]

--- Average sensitivity for 88Y data

Sensitivity for 207Bi 1.14 keV point

----- PICO CsFg lonization Model, 25 psia, 100 keV energy depositions
—-— DBC Auger Cascade Model fit, 25 psia, 100% K-shell vacancies

4.2 keV 57Co limit from 2017 PRL
57Co limits, background subtraction unavailable

88y |imits, background subtraction unavailable

207B;j limit, background subtraction unavailable

(]

(]

' ®
J-.. @ ©8Y limits, with background subtraction

®

8

207B;j limit, with background subtraction

0.5

2 3 4 5

Qseitz [keV]
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Performance at Low Threshold - ER’s

No molecular
degrees of freedom

No mechanisms for
local heating by
electrons

No bubbles from
ERs

P [bubbles per/gamma interaction]

ER’s in PICO (nucleation suppressed by low dE/dx)
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“Xenon, being predominantly a
monatomic medium, has no
rotational or vibration atomic
oscillation modes, and as a result, it
is effectively converting the energy
of 0-electrons into light
(scintillation). To convert the energy
of scintillation into localised heat
and enhance the formation of
bubbles, molecular admixtures of
ethylene or propane have been used
in LXe bubble chambers.”

Figure 1.1 Liquid xenon bubble chamber DIANA with 1.5x0.7x

0.7 m® active volume constructed at ITEP in the 1970s. Courtesy of

A.G. Dolgolenko.

Bolozdynya, Alexander I. Emission Detectors. Singapore: World Scientific, 2010.

M. Bressler, Drexel U, PhD Thesis (2022)



Performance at Low Threshold - ER’s
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Homogeneous nucleation
(1 bubble / ton-yr in LAr)
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Performance at Low Threshold

. + 8Y-Be
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SBC-LAr10

* 10kg LAr target

— Xe, CF,, N, also possible in same device
* Designed to operate @ Q =40 eV

e Scintillation detection system:
1 phd /5 keVr (g, = 0.02) (simulated)

* Deploying in MINOS tunnel @ Fermilab
* Objectives:
— Determine max ER-blind superheat in LAr
— Calibrate NR response
e down to 100 eV
e with 10 eV resolution

ASiDet Lab B (Fermilab)

Supported by Fermilab LDRD and Detector R&D <- inner assembly @ Queen’s

(now @ SiDet)



SBC-LArl10 - Engineering Run

Dec 2022 - March 2023, @ SiDet (Fermilab)
 100kg LAr condensed in pressure vessel ; no inner assembly

e Demonstrated:

— Thermal performance: cooling power, base temperature, thermal gradient
— Pressure control: 0.01 bara precision in single-phase (liquid) state
— Slow Controls and automation - pressure cycling!
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—

SBC-LAr10: Inner Assembly

— -

Built and tested @ Queen’s
— Key test: cryogenic
performance of jar seals

Now @ Fermilab
— Installation begins April 11



and much more ...

e Electronics and DAQ

SiPM characterization

SiPM amplifiers and digitizers

Bubble chamber optics and illumination
Image acquisition

Acoustic sensors, amplifiers, and digitizers
Cryogenic QA of all of the above

Trigger logic and Run Control

* Simulations and Backgrounds

Many students working many hours to bring this together!

Scintillation light collection

LCF, Scintillation light yield
measurements

Surface nucleation studies
Backgrounds in MINOS tunnel

histQ

Entries 18601
Mean 2299
Std Dev 1.7
¥2/ ndf 19.13/12
Constant 440.3+8.4

Me: 1.229 +0.008
Sigma 0.3229 +0.0120

1 1
2 3 4 5 6 72 8 9 10
charge (nVs)

A SiPM Performance in
high-pressure LCF, with
full electronics chain



Neutron calibration sources
124Sb-Be, 1 uCi, 154.4 evts/hr
207Bi-Be, 10 uCi, 142.5 evts/hr

r H_L’ 58C0-Be, 100 uCi, 75.5 evts/hr
2» 1‘_‘ L

Calibration Strategies
(for the ER-blind)
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Calibration Strategies

Y
Photon-nucleus Scattering

Mock analysis based on
observed bubble rates with a
suite of three gamma sources

(assumes no nucleation by ER’s)
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On to Dark Matter

SBC-LAr10: SNOLAB

CFl-supported, radiopure clone of
SBC-LAr10

* Major procurements underway

— With lessons learned from
FNAL engineering run

* SNOLAB TDR planned for Fall iy RS e e o
2023 s I o e I
— Rapid progress towards critical L h"iﬁ;ﬁ”
TSSA approvals ; Q
— Multiple shield options under T ue
consideration 3;
35" |
y




Summary

As a field, we don’t (yet) know
how to delve deep at 1 GeV

Liquid Noble Bubble Chambers

— Scale to ton-yr exposures
— Discriminate @ low-threshold

SBC-LArl0 @ Fermilab...

— will tell us how low in threshold
discrimination persists

— will turn on in FY24

SBC-LAr1l0 @ SNOLAB gearing up
for our first DM search
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