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Bubbles chambers: then and now

» 1970s: Neutrino Beam Physics
» 2000-today: Nuclear

Recoil Detectors

» Insensitive to
minimizing ionizing
particles —no
electron recoil
background.

» Sensitive to minimum ionizing particles

PICO-60
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How bubble chambers work
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How bubble chambers work
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Gibbs potential—

How bubble chambers work

Particle Interaction
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Pressure (psia)

Operation and neutron scatter event
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Nucleation probability (per interaction)

Electron recoil rejection (C,F;)
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» Superb ER rejection for >3keV threshold.
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» ER background becomes dominant below 1 keV - need to improve for GeV-scale

WIMP search.
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Probing the threshold frontier

Direct Detection

fom Osi[cm?]
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SBC arXiv:2203.08084
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https://arxiv.org/abs/2203.08084
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LXe bubble chamber

30g demonstration detector at Northwestern
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P [bubbles per gamma interaction]

Gamma insensitivity in LXe

Gamma rejection in LXe much better than
CsFs below 1 keV.
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Gamma insensitivity in LXe

Gamma rejection in LXe much better than
CsFs below 1 keV.

7]

10—9_

-~ Average sensitivity for 88Y data
-~ Sensitivity for 227Bi 1.14 keV point
——— PICO CsFg Model, 25 psia, 100 keV energy depositions
4.2 keV >Co limit from 2017 PRL
57Co limits, background subtraction unavailable

88Y |imits, with background subtraction

)
®
® %Y limits, background subtraction unavailable
[ ]
® 297Bi limit, background subtraction unavailable
0

207Bj limit, with background subtraction

®
_______ g__________!________ S P N
? o te ? 5 tet e
v . %
S A | __ -,____,!___g _____________________________________________________
el e .
0.5 1 2 3 4

Qseitz [keV]

DSU2022 Sydney

We should have known:

“When the chamber was filled with liquid xenon
and run under closely similar conditions
immediately after the ethylene experiments, no
tracks were obtained.”

- from Liquid Xenon Bubble Chamber

J. L. Brown, D. A. Glaser, and M. L. Perl

Phys. Rev. 102, 586 — Published 15 April 1956
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P [bubbles per gamma interaction]

Gamma insensitivity in LXe

Gamma rejection in LXe much better than But nuclear recoils still make bubbles!
CsFs below 1 keV.
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SBC
(Scintillating Bubble Chamber)

by > 10 kg liquid argon bubble
B st 4 chamber for GeV-scale dark
s matter and reactor CEVNS.
L ushensonSon » Under construction now, with
§ LEDs goal of 100 eV nuclear recoil
g o threshold while remaining
I i iooe electron recoil blind.
E gi‘;j::; [ Testiegend > Bubbles dejcected with cameras
o e - Bubble Imaging and acoustics.
ey o v > 0(100) ppm xenon for
: e S %ETEEEEE Detection wavel.en-gth .shifting an.d SiPMs
Pressure Bellows | - Structural for scintillation detection —
Bellows Flange scintillation threshold few keV.
= e i

Vacuum Jacket Legs

6/12/21 Hydraulic Cylinder DSU2022 Sydney 15




» SBC-Fermilab now under
construction for calibrations in
shallow site. Target nuclear threshold
is 100 eV.

» Science operation 2023-25

» Dark matter search with duplicate
detector, SBC-SNOLAB.
» Physics ~2024

» Investigating redeploying SBC-
Fermilab at a nuclear reactor to look
for neutrinos with the CEVYNS
process.

6/12/21

SBC program

Cooling head

Vacuum jacket

Pressure Vessel

Fused silica jars

SiPMs

Jar bellows

Cooling band

Hydraulic cylinder
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Inner vessel

6/12/21 DSU2022 Sydney 17



6/12/21

DSU2022 Sydney

18



Readout
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SiPM performance in LCF,
arxiv:2207.12400 Relay lens system
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Current status

» Pressure vessel empty (no
inner vessel).

» Ready for cooldown tests with
liquid argon.

» Inner vessel will be
transported from Canada to
Fermilab this month.

6/12/21 DSU2022 Sydney 20



» Stable operation

>

» Manageable wall

6/12/21

Thermal model
verification

nucleation rate.

SBC-Fermilab goals

Volume: Temperature (K) Max/Min Volume: Temperature (K)
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» Gamma calibration
» Investigate
electron-recoil
rejection at
O(100 eV) scale
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SBC-Fermilab goals

P [bubbles per gamma interaction]
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SBC-Fermilab goals

Photoneutron \
[ EaYaYavas - . @
Gamma source 9Be 10-100 keV
(e.g. 1**Sb) neutron O(1keV) *°Ar recoil

Thomson scattering \

[ R ae VeV U
Gamma source
(e.g. 1?4Sb) 0(100eV) “°Ar recoil

40Ar neutron capture ‘HIA
» Nuclear recoil P f
calibration . - > @ e
Neutron source thermal
(e.g. 252Cf) Moderator neutron : ~300eV *'Ar recoil
6/12/21
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SBC-SNOLAB sensitivity: 10kg-scale

1073 SuperCDMS SNOLAB SNOWMASS projection 2022
= == SBC Sensitivity 0.1 keV to 10 keV
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Ton-scale sensitivity

» Monolithic liquid detector.
» Potential for large exposure and low
background.

» A1tdevice would probe the solar
neutrino fog.
» Also sensitive to CEVNS physics from
solar vs, SN, pre-SN.
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Backgrounds

» Detector is intrinsically blind to ER, so primary concern is NR backgrounds.

» (a,n) in detector materials (e.g. SiPMs, cameras, connectors, cables, SS pressure vessel)
» Materials screening and design.

» Muon-induced neutrons
» Water and HDPE shielding.

» Nuclear Thomson scattering from U/Th gammas < 0.4 keV .
» High density gamma shielding (e.g. Cu, Pb).

A\

Solar neutrino CEVNS: irreducible

» Scintillation vetos
» Argon scintillation channel used to veto high energy recoils (threshold ~5 keVyg).

» While testing SiPMs, we discovered LCF, hydraulic liquid also scintillates. Will have extra
SiPMs facing LCF, for active veto.

6/12/21 DSU2022 Sydney 26



SBC-CEVNS concept at ININ

Water pool
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Rate above threshold [events/kg/day]

1072

1 MW TRIGA Mark-Ill reactor near Mexico City.
* Borated concrete shields from cosmic rays, water shields from reactor neutrons, lead from reactor

gammas (Thomson scattering).

* Detector could be ready for deployment in 2024+
* Physics measurements: Z’ gauge boson, weak mixing angle, neutrino magnetic moment etc.

L. J. Flores, et. al, Phys. Rev. D 103 (2021)
https://arxiv.org/abs/2101.08785
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Neutrino spectrum, (ININ: 1 MWlh at3m)
------------ Cosmogenic Neutrons

Reactor Neutrons

Nucleation efficiency function (Pr(T))

5% systematic uncertainty

Recoil Energy Threshold [keV]
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https://arxiv.org/abs/2101.08785

Summary

The SBC collaboration is developing liquid argon bubble chambers as a scalable, electron
recoil blind, GeV-scale WIMP and reactor CEVNS detection technique.

A calibration detector with 10kg LAr active mass is currently under construction at Fermilab.
Goal is 100eVnr threshold.

SBC-SNOLAB will conduct a GeV-scale WIMP search. A future 1 t device will have sensitivity
down to the solar neutrino floor.

SBC- CEVNS at a research or power reactor could detect reactor CEVNS and has potential for
precision studies of new physics.

Check out our Snowmass white paper arxiv:2207.12400



Backup slides
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How low in threshold can we go?

Xe bubble chamber was technically 20 .

Ph.D. Thesis: Alexander Neumeier, TUM (2015)

limited to >~0.5keV threshold. ‘ i
' Ar(P )*Ar('S) 1
L 11,54 e ——————
Liquid Ar bubble chambers have | S ;\-r(.‘F; -);Ar('S) f
seen tracks with threshold O(10eV). 1104 E . :
> =~ » : i
We also expect spontaneous 2 { 2 : 5
nucleation from thermal ) 31 § ; 1
. L T o First Continuum, Resonance Emission |
fluctuations at a similar threshold, S ‘2 ; :
but not above 40eV. 2- - : :
. h ; |
— Design goal of SBC is 40eV Seitz - E :
threshold. Dark matter/CEVNS 1 An(E : Ar('S)+Ar('S) i 1
projections based on 100eV,, L . e
threshold. 15 20 25 30 35 40 45 50 55 60
<«—2mer___|nternuclear Distance [A] — 22205
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Seitz Model

» A bubble chamber is filled a superheated fluid in meta-stable state.

» Energy deposition greater than E,, in radius less than r. from particle
interaction will result in expanding bubble (Seitz “Hot-Spike” Model).

» A smaller or more diffuse energy deposit will create a bubble that
immediately collapses.

» Classical Thermodynamics says-

20
Pv — Pl — —
TC
oo
By, =dnr? (o0 — T—
th ™ (0 8T> —+

Surface energy

Latent heat
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Bubble chambers as nuclear recoil
detectors

. 10*, R e e
» Thermodynamic | 2 ol |
; @
parameters are chosen | §1| 0! 65 psig
cre e e I L
for sensitivity to nuclear \ 218Po , e i
recoils but not electron  ~ 10 N : ' '
recoils. %
~—
S
O
=, W}
> Better than 101° S |
rejection of electron N [ e |
recoils (betas, gammas). © o :
“electron .. o |
| g, . CF,[, T=40°C
100 L e T .."- | E Ll T,
10° 10’ 15° 10° 10*
energy (keV)
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Photoneutron Calibrations

% g Neutron calibration sources °Be(y,n), Q=1664keV gives
= i 207Bi-Be, 10 uCi, 142.5 evts/hr 207Bj- 90keV/
o 58Co-Be, 100 uCi, 75.5 evts/hr '
Pressure £ Ll 1245h: 23keV
vessel == = n10°E
& s, € F >8Co: 9keV
iz
| . .
1 | | o | Scattering on Ar gives keV-
| (Ml 2 10 scale recoils.
| | 3
HH | @
| | o r
| | E=
j w 1=
WI]{W}H}TIHHIL aet AN B [T ) T () A TR 17 ot T VG T T T M A R MO |

o

0.5 1 15 2 25 3
Energy threshold (keV)
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Bubble Rate (bubbles/hour)

Thomson Scattering Calibrations
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Event Rate
(events/hour/5 eV)

Event Rate
(events/hour/10 eV)
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Thomson Scattering Calibrations
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40Ar(n,y)

3%Ar(n,y)
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4°Ar Neutron Capture
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CEvVNS - Coherent Elastic Neutrino
Nucleus Scattering

SBC-CEVNS rates for different reactors

> Sensitivity to O(10 keV) with low background is also CETT I A
what’s needed to detect O(10 MeV) neutrinos via SRR EEEE | —1Mw,3m
CEVNS _ RN : | —— SBC energy threshold

» Has been observed at the SNS for pion decay-at- o CETT T— T T
. o - HEH :
rest neutrinos (~50MeV). s Bib

» Reactors provide very high flux for precision studies, g 10E
but 1-10 MeV neutrinos is a challenge. s B

> 100 eV threshold gives sensitivity to CEVNS from g TETTH

o - -
>1.4MeV neutrinos, covering much of the the reactor “REEE
antineutrino spectrum. i | IR
10—1 i I
107 ! 1

10
Recoil Threshold [keV]
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Physics reach: 7’

Z’ (B-L gauge boson)

le w T i £
o i - §’ i Physics reach in 1-year of reactor-on time:
LE < g
0.01 k 4 Setup A (ININ): 10kg, 1MWy, 3m, 2.4% flux uncertainty
R ] Setup B: 100kg, 2GW,y,, 30m, 2.4% flux uncertainty
- 10" ¢ y E Setup B(1.5): 100kg, 2GW,,, 30m, 1.5% flux uncertainty
0™ 4
= For setups B/B(1.5) project O(1000) CEVNS events per day.
10°E ——  Setup A j
Setup B 3
F Setup B(1.5) : L. J. Flores, et. al , Phys. Rev. D 103 (2021)
10 " & CONNIE (Lmdhard)é

https://arxiv.org/abs/2101.08785
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https://arxiv.org/abs/2101.08785
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Physics reach: mixing angle,
magnetic moment

Weak mixing angle

1(GeV)

Physics can be done even with a 10-kg
detector at a research reactor.

Higher statistics and improved precision
at a power reactor.

DSU2022 Sydney
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Neutrino magnetic moment

T
L S' ('S o
| — SetupA E E 1
B Setup B c% 5 i

Setup B(1.5
L p B(L.5) = ,
L o O -
. O O ]
- 90% C.L. §
7\\\\ Ll L] Ll ]
10™ 107" 10”7 10°°

1207 (MB)
L. J. Flores, et. al , Phys. Rev. D 103 (2021)
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