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Introduction

Scintillating Bubble Chamber

Scintillation: high energy background
discrimination
Bubble: O(100) €V nuclear recoil (NR)

detection "O

Dark matter via elastic scattering: My . GeV
Neutrino via Coherent elastic neutrino-nucleus

scattering (CEvNS):EV ~ MeV
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Signals in Bubble Chamber

Pressure—

Superheated fluid
NR > energy threshold (Ztr ~ Qseit)
Bubble nucleates

vapour
w P

Temperature—

Advantage
Electron Recoil (ER):

Dominant background
Low nucleation efficiency

Strong gamma rejection

Gibbs potential—»

Density—
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Signals in Bubble Chamber

. Superheated fluid
. NR > energy threshold (Fir = @seitz)
- Bubble nucleates
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. Advantage
- Electron Recoil (ER):

« Dominant background
« Low nucleation efficiency

- Strong gamma rejection v S \ r ;
Seitz‘Threshold (keV) ’

PICO: https://arxiv.org/pdf/1905.12522
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SBC Structure

Sensitive volume -
liquid argon
Heat -> bubble
Scintillation light

~

J
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SBC Structure
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Sensitive volume -
liquid argon
Heat -> bubble
Scintillation light
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Bubble detection
Camera
Acoustic sensor
Pressure
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SBC Structure

Sensitive volume -
liquid argon
Heat -> bubble
Scintillation light

\_
. Bubble detection )
. Camera
Acoustic sensor
Pressure
transducer
\_ J
[- Scintillation detection )
. Silicon
PhotoMultiplier
(SiPM)
Xenon doping
\_ J
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SBC Structure

S )

Sensitive volume -
liquid argon
Heat -> bubble
- Scintillation light
\ J

Bubble detection
Camera
Acoustic sensor
Pressure
transducer

(- Scintillation detection )
. Silicon
PhotoMultiplier
(SiPM)

. Xenon doping
\_

J
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SBC Projects

SBC-LAr10

10kg calibration
chamber

MINOS, Fermilab

SBC-SNOLAB

|dentical detector
SNOLAB

Dark matter search
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SBC-LAr10 First Operation

CPAD 2026

Programmable Logic
Controller (PLC)
Slow Control (5C)

Data Acquisition
(DAQ)

The first run began In
the fall of 2025

UC SANTA BARBARA



We See Bubbles!
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Multi-channel Signals
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Gamma Rejection Analysis

- Bubble chamber el CForxe)

- Strong ER background rejection SBC m v SBC (Ar+CFs4+Xe) 116.7 K

. Depends on the llC]UId Prel|m|nary m v SBC (Ar+CFs+Xe) 119.6 K 107
thermodynamic properties @seits

,,_.
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8 |
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- SBC ER nucleation .
- Driving mechanism "t
- Xe photoabsorption induced T
Performance evaluation v
« Good at 1 keV: 107 per keV T
Future improvement
- Remove CF, hydraulic fluid 10
contamination
« Estimated to reach 10-° per xenon
photoabsorption

Nucleation probability

(per xenon photoabsorption in K shell)
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Seitz threshold [keV]
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Gamma Rejection Analysis

- Bubble chamber el CForxe)
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- Xe photoabsorption induced T
Performance evaluation v
« Good at 1 keV: 107 per keV T
Future improvement
- Remove CF, hydraulic fluid 1
contamination - - o - - £
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photoabsorption
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Gamma Rejection Analysis
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. Bubble chamber S Drexel (CsFg+Xe)
- Strong ER background rejection T o SBC PICO (C5Fs) =
. Depends on the liquid | ® Preliminary® ¥ 3BC(ArtCFatXe) 116.7K 1w o
thermodynamic properties s s | " SBCArHCRarXe 190Ky ¥
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Gamma Rejection Analysis
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- Depends on the liquid Os.
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Gamma Rejection Analysis
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Sensitivity to 252Cf Neutrons o e 0 5 s

Qseitz LkeV]  252¢f source
159 o052 0.67 0.91

SBC Preliminary
1.0 J(

b
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» Produce bubbles via 2°2Cf NR
- Multiplicity rates gives threshold

iInformation
* (Consistent with Monte Carlo

simulation 101 1L T T

I

.10

1 23+ 1 23+ 1 23+
Bubble Multiplicity

Rate [count/min]
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Sensitivity to Cosmic Muon Rutherford Scattering

\ .'; " & '.‘

3-btibble muon 4
Rutfiecford track 7

[ Source Rate Uncertainty

Rutherford Scattering
CORSIKA MC

¢ Data

SBC Preliminary

Rate [events/hour]

0.5 1 15 2 2.5
Seitz Threshold [keV]
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. Cos

MIC mMuons

- Bright events observed by

SiPMs
- Bubble rate

Riitherford scatterina

T
MEAT x40 cm x ——
“ 2 Tkev

Calibrate data:
Rata(Tin) = Rmc(A X Ty) + B

A=1.40+0.31
B =5.11 + 5.38 events/hr
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Sensitivity to Cosmic Muon Rutherford Scattering

. Cosmic muons

K e - Bright events observed by
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SBC-SNOLAB

CPAD 2026

SBC-LAr10: calibration
SBC-SNOLAB:

SNOLAB, 2 km /6,800 ft
underground, Canada
Improved design and better shielding

Formal run searching for WIMPs
- 100 eV energy threshold

ﬁ !--\m/j@’-:"[o

S| WIMP-nucleon cross section [cm2]

L \HERALDS
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NN :
\\~\ ________ A q\
floor (Ar, n=2) 1 ton-yr, 100-eV Ar i}
10% : A
100 101
WIMP Mass [GeV/c?)
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CEvNS Detection via SBC

Borated concrete |3 m

-a:"'_
E 16 m gég“f’ :
Reactor core £ = 2-—'. _‘ “T,
. 100 eV energy threshold allows At
CEvNS detection -
- Reactor at National Institute for 0245 [~
Nuclear Research (ININ) near Mexico '_
City ,--\0‘240-
. Weak mixing angle Z gl ]
- Phys. Rev. D 103, L091301 CE
0.230F
0.225" et e A b b
10 107 10~ 10 10 10 10° 10 10

1(GeV)
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Conclusion

SBC can reach O(100) eV energv threshold NR detection

Dark matter via elastic scattering: My GeV
Neutrino via CEvNS: Ly, . MeV

SBC-LArl10 at Fermilab has completed the first calibration run

Gamma rejection: 107 per keV energy deposited at 1 keV threshold
Bubble multiplicity calibration
Threshold calibration based on cosmic muon Rutherford scattering

Paper on the first results is in preparation!

SBC prospects:

Dark matter search in SNOLAB
CEvNS measurement from reactor
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1o (dimensionless)

10°

10" £

]DU -

100 GeV/c*2 DM elastic scattering:
~ 200 keV NR SBC able to detect it

10! 107 10°
WIMP Mass [GeV/c?]
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https://indico.global/event/6083/contributions/50030/attachments/24952/42709/nufog.pdf

Gradient of discovery limit, n = —(dIn¢/dInN)~! /_\

2 3 4 5 6 7 8 9 10 11

T T T TTTTT T T TTTTT] T T TTTTTT 1 LI

o wek - CEUNS rates in Xenon | Why is there a
neutrino “floor”?

8B Solar neutrinos .

®B solar and atmospheric
neutrinos generate NR spectra
i through CEUNS that look
near-identical to

O(1) GeV and O(100) GeV
mass DM respectively

dR/dE, [ton™! year~! keV ]

m, = 100 GeV

SI DM-nucleon cross section [cm

B T T/ 108
E, [keV)]

-7 Lol [
00T 10°

10! 10?
DM mass [GeV/c?]
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https://indico.global/event/6083/contributions/50030/attachments/24952/42709/nufog.pdf

Exposure [ton-year]
- o 0 10 The neutrino “floor”
m, = 6 GeV

+ Scaling of sensitivity as

ol | experiment’s exposure increases. If
S there are no problematic
i “: \ . backgrounds this should go like
Eﬂn _ E o ~ 1/4/N for N 2 1 background
E OO - events
- 107 3 E
2| f
o i 1 — Experiment can’t claim
§ 10t discovery of a DM model that
A - creates an excess in events

| N i smaller than the expected level

\‘\\ - of systematic background
[ ! ! L : fluctuations

J—

|
J—

|

—

—_
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J—

Number of neutrino events (Billard et al. 2013)
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Neutrino spectrum, (ININ: 1 MWm at3m) !

Cosmogenic Neutrons

— — — Reactor Neutrons
1= [ Nucleation efficiency function (Pr(T))
. 5% systematic uncertainty

The physics reach of the setups described above is in-

vestigated for a one-year exposure. The SM cross-section
for CEvNS, after neglecting the axial contribution, is:

Rate above threshold [events/kg/day]

0.5 '{t
do GZ% o MuyT 2, o 107 &
—_—= My 2 — — F : 2 :
where T is the nuclear recoil energy, FE, the incoming
102

neutrino energy, F(q?) the nuclear form factor, Q, = E b

10" 1
Recoil Energy Threshold [keV]

1‘7 I -I— L" 1 -] % TN L Ll B * w 5] s A
Zg, + Ng, is the weak nuclear charge and My, Z,
N are the nuclear mass, proton, and neutron number

Neutrino spectrum, (LV: 2000 MW, at 30 m)
I asmess Cosmogenic Neutrons

Nucleation efficiency function (Pr(T))

5% systematic uncertainty

2% systematic uncertainty

of the detector material, respectively. The cross-section

uncertainty. The weak mixing angle can be extracted
from the CEvNS differential cross-section through the
SM weak coupling g¥ = 1/2 — 2sin?fy,. A fit using

10.5

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

¥ cosfl, sind, BY o)
Z° —sinf,, cosb, wo /)’

1
Recoil Energy Threshold [keV]
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Figure 3.3: An example of pressure cycling. Expansion begins at the orange dot; the
pressure is reduced until the chamber achieves superheated status, denoted by the red
dot at (Ly,perheated). The bubble chamber stays in the superheated fluid until bubble
formation at ty (green dot). The control system responds immediately and rapidly
compresses the bubble chamber up to 25 bara. The pseudo expansion state starts at
cyan dot to monitor the residual micro-bubble growth and dissipate energy by fast
compression. Then the system is re-compressed to be ready for expansion in the next
pressure cycle.

CPAD 2026

Events

j}(N; / }i\re) — NI

(RTive )N ¢ Fliive

Background 11/7-8 (3.00 bar)

12 -

Exponential Fit
T: 79.6 = 16.8 [s]
=2AInL/n:1.9P

50 100 150 200 250 300
Livetime [s]

UC SANTA BARBARA



e Electron recoil (ER) is a huge background for dark
matter search

e Bubble chamber has inherent advantages for the
ER rejection

o ER cannot deposit enough energy locally -no
bubbles

e Important to evaluate the gamma rejection rate
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LZ: arxiv.org/abs/2211.17120

UC SANTA BARBARA



. . . - 7 10-* ' ' ' ' A Il’l{:'LJ-D.l L'r.i_uM
Gamma Rejection AR o
- ; e : T00-2L Run 2 3
° é B % _—7—_'_—|— —'_'__ : :}'I\:r:tri'r {:T,'i:‘:;i::z
Analysis ; W R AR .
Em_s = 1077 {‘;53.}4% - CYRTE 2013 §
£ é =% s i — CYRTIT. 2014
. . . . 8 =} L BT PICO-G0
e Sitill world leading rejection £ | XL Lo e
é R 2 B # +
under keV than any other 4 Tt
= —
. =4 (.’i‘)
other experiments so far I \ .
0.75 1.00 125 150 175 2.00 225 2.50 275 1 2 3 4 5 fi

O C u rre nt S B C 10-5 seltz threshold [kev] Seitz threshold (keV)

Energies in keV (approximate)
00 136 22.9 313 39.2 46.7keV Energy [ke\.n'm]
28

o PICO 103 SO | S . SN M L B0 2 u % o
3 99.0 g 10°¢ 5\ +Epmn'wlpcl|§:E i_ mi
_~ - ~ 10 _ - 99. # recoil ; E:IJ
o LZ~10°at~5keV . H | e BB e [0 8
o DarkSide 10 at 72 T ke i AL e N L
£ : 8oL S, T, =
kevnr [12] (18 kevee)_ ] Xx+. Angle et al. 2008 ‘ | % &gl:mf “"'»..4‘“;;_ e, oy
100 b | Sore nsen 2008 [ 4 4990 — - . P, ) _10-15
e Cannot proceed to neutron E Dan! 2000 (478 i) e e
I 10712 %*‘?«
4]
[v] 115

calibrations without solving it B TR R T+ “w, 0., F1
Y 1077 g
$1c [photoelectrons or photons] F ; q"ﬁlf‘ﬁ E—‘IO

o Requires 10 gamma 00 T T T 10 1% 00 10 w0
rejection rates

[9] arxiv.org/abs/1905.12522
[10] https://arxiv.org/pdf/2211.10726v3
[11] https://arxiv.org/pdf/2103.12202

SBC ER rejection (top left); PICO ER rejection (top right); LZ
ER leakage (bottom left); DarkSide ER leakage (bottom right)
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Probability per energy deposited (events/keV)
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XeBC gamma rejection: 2 & *Co, no bkgd. subtraction
B - # %Y, no bkgd. subtraction
E 10744 B 98y, bkgd. subtracted
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doping fraction at different initial § electron kinetic energy (/). The dashed black

CPAD 2026

Mean Energy Loss Radius [um)]

Figure 4.19: Thermalization radius (Mean energy loss radium) as a function of CFy

line (ionization spectrum) represents the averaged J electron initial kinetic energy

10°

10~}

1072

0.1%

-9 Eg=1leV
-~ Eg=3eV
-8 Eg=5eV
o Ep=10eV

Ep=15eV

lA"’/o
CF4 Doping Fraction

-&- lonization Spectrum

10%

taking into account the ionization electron energy spectrum [72].

Thermalization: CF, has shorter
thermalization range ; recombine
quickly -> higher local energy
deposition -> higher bubble
production

TRANSLATE simulation by Gray
Putnam

Y thermal radius
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Backgrounds in Scintillation Channel

¢

Off bubble window
On bubble

Rate [counts per 80 ms per log bin]
<) o <] <) o

a??
W) o ++h+

indow (pressureTO +40ms)

m ++*+++

summed Pulse Area [mV - us]

20260209_12/14
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Bright muon events
Wall events by alpha
decay

Rutherford Scattering

do 2mZz.e*c?
dT M, B2T?2

T recoil energy

f: muon velocity
M,,.: argon mass

Z,, . argon charge number
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140 4 Source Rate Uncertainty
____ Rutherford Scattering
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XeBC Calibration

@® Prototype - XeBC
O 20 g of superheated LXe
O Calibrated using 2°2Cf,
88Y-Bi, ?20'Bi-Be

e achieved results to ~1 keV
level as displayed at right:
arXiv:2410.07241v1
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XeBC Calibration

@® Prototype - XeBC
O 20 g of superheated LXe
O Calibrated using 2°2Cf,
88Y-Bi, ?20'Bi-Be

e achieved results to ~1 keV
level as displayed at right:
arXiv:2410.07241v1
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NR Calibration Sources

101
Thomson Calibration Source Spectra > Neutron calibration sources 4.8 MeV — 3OAr+40Ar
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Standard Precision High Precision
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Calibration Robustness
Validation

® 5% uncertainty source strength

® External backgrounds: 500 bubble
events in 100 hours

Uncertainty on the predicted dark
matter rate
O Am-Li: 3.7 %
O Bi-Be: -2 %
Published on JINST:
O DOI: 10.1088/1748-
0221/21/03/P03020
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Neutron Backgrounds

from Geant4 Y __

lj U238 Lower

® Background for Thomson and - "v' | U238 Upper
photo-neutron sources ] |

® Neutron Backgrounds Source:

o] |
O Rock Neutron

Weight (arbitrary units)

B 232Th . .'
B 238U | / \
O Muon-Induced Neutrons oad |1 /||
® 1.368- 1.618 single bubble M
events/hour for MINOS (no ol | VLXK
shield) o 2+ & 5 D D

Energy (MeV)
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