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Quasibackgroundfree detection
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Signal:

Single bubble with little or no g
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Backgrounds: 90 K
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m Piezo

o IRLED

Obijective: | VUVSIPM

Quasibackgroundfree detection

of subkeVNuclear Recoils

130K

Signal:

Single bubble with little or no g

coincident scintillation (ER) -s

. Depends on NR threshold

Backgrounvds. o n 4 target ft 90 K
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Why Bubble Chambers?

A By choosing superheat parameters appropriately (temperature and
pressure), bubble chambers are blind to electronic recoils{@6
better)

A Bubble formation requires two things:
A Enough energy
A Enough energy densitylength scale must be comparable to
critical bubble size

Electron recoll deposition is too diffuse!
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Why Liguid NobleBubble Chambers?

axXenor being predominantly a
monatomic mediumhas no
rotational or vibration atomic
oscillation modesand as a result, it
Is effectivelyconverting the energy
of d-electrons into light
(scintillation) To convert the energy
of scintillation intolocalisedheat
and enhance the formation of
bubbles, molecular admixtures of
ethylene or propane have been use® /. e .

N Lxeo dZO O t S O K I Y O S ll\lL!IR lq)l’tquul xenon bubble chamber DIANA with 1.5x0.7x

0.7 m" active volume constructed at ITEP in the 1970s. Courtesy of
A.G. Dolgolenko.

BolozdynyaAlexander IEmission DetectorsSingaporeWorld Scientific2010.




Why Liguid NobleBubble Chambers?
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Why Liguid NobleBubble Chambers?

No molecular
degrees of freedom

No mechanisms for
local heating by
electrons

No bubbles from ERs

P [bubble from K-shell photoabsorption]
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2410.07241v2

57Co, no bkgd. subtraction
88y, no bkgd. subtraction
88y, bkgd. subtracted
207Bj, no bkgd. subtraction
207gj, bkgd. subtracted
37Co, 2017

PICO Auger Cascade Model
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Performance at low thresholdeRs
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Performance at low thresholdNRs

A Bubble chambers are threshold detectors

I We know we saw a bubble, but not the energy that created it
I Sensitivity to dark matter depends crucially on the threshold

A Threshold calculation from Seitz, Phys of Fluids 1, 2 (1958)

Eth, —

A Assumes step function above threshold

I Calibration required!
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Performance at low thresholdNRs

A Neutron Scattering 09- 2410.07241vP
I GR@ 3ke\V 0.7+
ENRthreshoIdF IV Qs@tz 0.5
EAIi et al. PhysRevD 106 122003, 03
2022)] |
i Xe @ 1.5keV: & [P
E\IRthreShoIdF IVK QSQ’E) = %09,
A MD Simulations °7]
i L-J Fluid @ 3,000
(Ar @ 409\/): 0.3~
ENRthreshoIdF vk Qs@tz 0.1- B
. Qseitz = 2.06 keV
D | Di d Angélil PhysRe ! | | | |
|[E ngoelg:;gT?5016?]ge | Y — ° . Rzecoil Engrgy [ke‘j] g °
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SBGLAr10 B B 7
(FermilabLDRD 201803, (Ri%\ [ “" | Piezo
with support from * IRLED
DOEHEPDetR&D, I VUVSIPM
NSF Particldstrg and CFI) 130K
A Designed for 4@V operation

(stat mechstability limit) S | N
A Primary target: LAr (ER)

(Xe CR, N, also possible)
A Design scalable to-tbn K

(can do physics at 1K)
A To be calibrated at

O(10)eVresolution
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mm Piezo

| RLED CE Fill/Drain Standpipe

0K
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Readout

Bubble Imaging Scintillation System
3 Raspberry-Pi Cameras + LEDs VUV4 Hamamatsu SiPMs

SR s
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The mirrorONJ ® NBK

A Detector was assembled inside ¥
the pressure vessel before
transportation UG

A Leak observed UG in August
2024

A Concluded long planned N
cryogenic review in November |
I Leak much worse after cool
down
A Disassembly in clean room
aK2ZNIfeée 0§KSNBL
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We have another mirror! E N

A Many causes were considered and ruled out,
including
I Thermal contraction
I Miscalculated torque on flange
I Breakage during transport
A Our conclusion:

I Movement of the inner jar (sliding on the PTFE
pad)c off-concentricity

T With thermal contraction steel came into contact
with quartz

A Second pair of jars now installed
I Concentricity restraints incorporated into design
A Reconnecting instrumentation, closing up ag
hopefully in April
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Liquid Noble
@ Bubble Chamber%‘“’%\

Obijectives for SBCAr10

In MINOS:

A Demonstrate operation
of physicsscale liquidnoble _
bubble chamber : E@JF;)’

A Determine maximum
superheatfor ERblind
operation

A Calibrate Threshold

22 H

for NR detection, @ 106V

with 10eVresolution "

~_ @

7

m Piezo
e IRLED
1 VUVSIPM

130K

90 K

see E. Alfons®ita,
niverse9, 346 (2023



Calibration Strategles

(for the ERblind)
Photo-neutron Sources | g
(>500eVrecolils) B R SO o
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Thermal neutron Capture *° W'WMW. g
(~4OO eV reCOiIS) 10 260 400 600 800 1000 1200

e

. z

Photonnucleus Scattering * %

( < 300eVrecoils) | a

43 S0 100 150 200 250 300 350
Energy (e



SBC Strategy: Build two detector:
@Fermilab(2018¢ 2026)  : @SNOLAB (2012028

o
&
SNads
~iedng
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achieved iInLArwhile
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On to Dark Matter
SBCLAr10: SNOLAB

CHsupported,radiopureclone
of SBCELAr10

A PV Fabrication in final
stage
T With lessons learned

from FNAL engineering
run

A Shield design being
updated
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WIMP Mass [GeV/c?]

this will be the tool to find it.
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TFE safety pad

Quartz jar
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S18S Jaoedg
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Calibration Strategies

Thermal neutron capture
40Ar(n,0) — “Ar

A 6 MeV gamma cascade

T Visible in SBLCArl10
viascintillation

T Also useful for DUNE!

A “1Ar nuclear recoil~4300

eVv)
T Visible in SBCAr10

viabubble nucleation
49
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Calibration Strategies

104 1245p, 20 uCi

“Co, 50 uCi
W Photonnucleus Scattering
1020 Ty, o

50 100 150 200 250 300 350
Energy (eV)

Mock analysis based on | ki e

Events/hrikeV
—
]

simulated bubble rates witha  ¢*
suite of three gamma sources &
0l addzySa y2z2 ydzOf

Anﬁ.l.)(s.is: N. Lamb

40 50 60 70 80 90 100 110 120

S0 Energy (eV)



Counts

SIPM(Hamamatsu VUV4) Performance

SIPM KI NI OGSNAT I A2y Inhighpaese @dgenic LCE NU
(HawleyHerrera et alarXiv2405.18403  (Sheng + d&aintCroix

histQ
Aspe = 35739+32 [arb.] : histQ
4 Entries 18601
107 450 1PE Mean 2.299
Std Dev 1.7
- »? / ndf 19.13/12
3 350 Constant 440.3+8.4
107 Mean 1.229 +0.008
300 Sigma 0.3229 +0.0120
8000 40000
5 250
102 4
200
150
101 i
[ Unfiltered 100
[ Filtered 50
100_ —— Fit llllllllllllllllllll -
: : : |- , % 1 2 3 4 5 6 7 8 9 10
0 50000 100000 150000 200000 250000
Integrated ADC counts [arb.] 51 charge (nVs)




Scintillation: Doping

A Silica jars opaque to

128nmAr scintillation

A 10ppmXesufficient to
exchange Af for Xe*

120

I Expect 1 photon

detected for~5-keV NR A.Neumeieret al 2015EPL10912001
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mm Piezo
* |R LED
I VUV SiPM

130K

90
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mm Piezo
* |R LED
I VUV SIPM

130K

0K
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mm Piezo
* |R LED
I VUV SIPM







mm Piezo
* |R LED
I VUV SiPM

A Simulated Image
(MAKhatri Northwestern )

<- Real Image




mm Piezo
* |R LED
I VUV SIPM

130K

0K
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m Piezo
* |R LED
I VUV SiPM

130K

90 K

ressure Vessel

Vacu um5 9Jacket




mm Piezo
* |R LED
I VUV SIPM

130K

Closedloop LN
Thermosiphons
deliver cooling
where we need it

0K

Design/Inspiratio
n Credit: LUX, LZ
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