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1. Concept



Goals

Key items to consider when desighing an experiment to
study Dark Matter & CEVNS neutrinos:

* Good identification of interactions with the nucleus.

* QGreat ability to distinguish nuclear interaction (n, «a, etc.)
from electronic interactions (B, v, etc.).

* Ability to operate the experiment at low energy
thresholds (eV-keV).

* Good position reconstruction for interactions occurring
within the experiment active volume.

* Scalable technique.

ONE IIIIES HII'I' SIMPLY
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Bubble Chamber Technique

Standard Fluid

Nl
. 1
b abn ° £
2 8
4 &
= 2
W=, o '
vapour :
u, MR :
Temperature— Density— :
__,L:!_
oty
Superheated Fluid i |
Fixed P, T
S 1
b WP, [° =
? @ 5
i Superheated
= g
( ] = 6
| Vv )
Fluid
vapour
u (P.T)

Temperature— Density—




Bubble Chamber Technique

Superheated Fluid
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Bubble Chamber Technique

Superheated Fluid
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Scintillating Bubble Chamber

, 231301 (2017), arXiv:1702.08861
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Energy Threshold In LAr
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2. Experiment Design
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SBC At Glance
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SNgLAB

SBC Experiment Design

O(10 kg) LAr contained within two fused silica jars, inner
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SBC Experiment Design

Hydraulic Piston Controls The Inner Jar Position

Biaus Compressing/Decompressing The Target Fluid
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SNgLAB

SBC Experiment Design

R Liquid CF4 Cryogenic Hydraulic Fluid, within a Stainless-Steel
QB_QB Biams Pressure Vessel. HDPE Castle for thermal gradient.
i IR LED
VUV SiPM
“ha : 130 K
LAr |,
90 K
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SBC Experiment Design

m Piezo

°* [RLED
I VUV SiPM

130 K

90 K

The Full Inner Assembly Is Placed Inside a
Stainless-Steel Vacuum Jacket Vessel

WD
w - y
s \‘A

.\.‘ ¥
\

‘H\

Ill ,,*

17



Readout Systems

Bubble Imaging
3 Raspberry-Pi Cameras + LEDs
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Readout Systems
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Bubble Imaging
3 Raspberry-Pi Cameras + LEDs

Scintillation System
32 VUV4 Hamamatsu SiPMs
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Readout Systems

Bubble Imaging
3 Raspberry-Pi Cameras + LEDs
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Scintillation System
32 VUV4 Hamamatsu SiPMs
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3. Physics Program
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Dark Matter & Reactor CEVNS

BRITISH
\ COLUMBIA

%{'”.\
-'4 k \ Y
IG;I'ON;

B
. 2%

4

San Francisco
L]

.
.
.

ALIFORNIA™. g

L0 Angeles . ARIZONA | )

San Diegoo

| TN
a oy

SASKATC

A -,

N -

L4

\

]
i

‘

HEWAN!

44

MA OBA

0
=z

v ¥ o~y F P - 5
 NEWFOUNDLAND
 _AND LABRADOR

optTed

i \

I3k
A\

r~

.

r-

.
\ -

X

|

" MONTANA
{ (]

» \‘

e eeeemaseaninaay

Las Vegas

.
'
)

4

R

ol

o
La-
, ﬁl})ite

-ed

vt

NEW M.EXIC

(o)

\e -
INORTH § = . y
DAKOTA 1 | NB

; s ‘Dx """" i SOUTH I LWISCONSIN
L WS ‘Y ‘ DAKOTA i
REGONE S i DAHO 4 : g

' | WYOMING

NEBRASKA 4
L NRRMIGHE

------ et MUBRESCUR Ottawa__Montreal IR

= N St v MAINESNoVATSCOTIA
A =AW v
Ch' ago 4"'; ~_ NEW YORK A
g - CTRI
L0y OHIOpn  (RENNSSES =2
A *

d States - IND > __ oPhiladelphia

COLORADO |
AP .. N .

WEST. 7+ DENJ
KANSAS SOURI, ¢ & VIRGINIAT =5

b A 7. T NORTH'
PRLANCH = ALECES “-CAROLINA"
e A i SOUT
Dallas Sl S S8/ QR CAROLINA
LR @ AN
TEXAS | gull s RGIA
LOUISIANA &
. ,O x . 3
Houston

A"
¢

{
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Build and commission the first detector

at Fermilab.
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Dark Matter & Reactor CEVNS
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Build and commission the first detector
at Fermilab.

SBC-SNOLAB - Phase 2

Build and install a second detector at SNOLAB

for low-mass dark matter searches.
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Dark Matter & Reactor CEVNS
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SBC-Fermilab - Phase 1

Build and commission the first detector
at Fermilab.

SBC-SNOLAB - Phase 2

Build and install a second detector at SNOLAB
for low-mass dark matter searches.

SBC-CEVNS - Phase 3

Upgrade and install detector from (1) at a
reactor site for CEVNS studies.
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e Projected sensitivity to WIMP-like Dark Matter,

with an energy threshold set at 100 eV, and a

background budget target of 1 event/year.

e Primary background challenge are neutrons

generated in (a,n) reactions in the bulk of the

detector materials. Material screen crucial for the

development of this detector.
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CEVNS Physics Reach

Weak-Mixing Angle

Dark Mediator 2’
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5. Conclusions
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Conclusions

e Introduced scintillating bubble chambers technique, with good potential

for low threshold [O(100 eV)] and optimal ER rejection power [<10°].

e Discussed the SBC design and scientific program with two detectors

optimized, respectively, for Dark Matter (SBC-SNOLAB) and neutrino

(SBC-CEVNS) studies (SBC-CEVNS).

e Presented the projected sensitivity for the Dark Matter search.

Discussed CEVNS studies, for different reactor configurations, with

projected sensitivities for the weak-mixing angle, dark mediator 2’ and

the neutrino magnetic moment.

28



Thank You,
Merci

A



Backup Slides
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HV System

5 kV applied on the Cu plate under the inner jar.

Grounded reflector around the outer jar.
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SiPM Testing @ Queen’s U
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Xe-doping in LAr
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Xe Bubble Chamber at NU

Demonstrated
» Liquid Xenon Bubble Chamber at 900 eV E,,
* Target Mass = 30 grams
* 0.3% Overall Photon Collection Efficiency

: o Acoustic Sign2 — Next Program
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Bubble Chamber Physics

Critical Radius:

Smallest vapor bubble that will spontaneously grow in a superheated
liquid.

*Seitz Threshold:

Minimum amount of energy required to create a vapor bubble with a
critical radius.

‘NR/ER Response:

NR leads to Nucleation, can ER also induce Nucleation?

1.53 keV

47

+ ?rgpb (ho — hu)
47
- ?7“2 (Po — 1)

1.81 keV

-0.15 keV
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Reactors Setup

Setup A:
~8 CEVNS/day @ 100 eV Threshold
0.25 events/day — reactor backgrounds

0.85 events/day — cosmogenic backgrounds
Shielding — 0.3m Pb, 0.25m H,0, 0.5m Polyethene, 0.2m Pb

Results B:
~1570 CEvNS/day 100 eV Threshold
negligible — reactor backgrounds (30m + shielding)

180 events/day — cosmogenic backgrounds
Shielding —3m H,0, 0.5m Polyethene

(Reactor Neutrons, y-n Interactions, y-n Elastic Thomason Scattering, Cosmogenic
Neutrons, y/8 interactions negligible)

SNgLAB

f —

Neutrino spectrum, (ININ: 1 MWth at3m)
Cosmogenic Neutrons
Reactor Neutrons

Nucleation efficiency function (Pr(T))
5% systematic uncertainty

Rate above threshold [events/kg/day]

Recoil Energy Threshold [keV]

Neutrino spectrum, (LV: 2000 MWth at 30 m)
Cosmogenic Neutrons

Nucleation efficiency function (Pr(T))

5% systematic uncertainty

2% systematic uncertainty

Rate above threshold [events/kg/day]

Recoil Energy Threshold [keV]

Pr(T)
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Reactor Setup B

Borated concrete |3 m

Reactor core
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Considered Reactor Setups

Setup LAr Mass Power Distance Anti-v Flux Threshold
[kg] WAL [m] Uncertainty [%] Uncertainty [%]
A 10 1 3 2.4 5.0
B 100 2000 30 2.4 5.0
B(1.5) 100 2000 30 1.5 2.0

~8 CEVNS/day (100 eV Threshold)
10 kg LAr

1 MW, —

100 kg LAr
~1570 CEvNS/day (100 eV Threshold)

100 MWth o

38



SNgLAB

Energy Deposition in LAr

Interactions with the ArT™+ Ar = Arg +e” = Ar** + Ar
nucleus as a whole . .
Low-energy Atom Recoil Cascade ] Ar*™® — Ar® + heat
Pa!'tlcle Interacts Ar* + Ar > A‘I‘; — 24r + hv
with the Argon

—-®

Interactions with cloud
electrons in the atom

____________ Singlet State

Singlet State i
1 : [ Charged Dimer ]
— (| 1) = | 1)) ;
L . v
| 1) [ Free e- —>[ Recombination |
L (114) +] 41) y
| 414) [ Double Exciton Ar** Exciton Ar* }->[ Exciton Dimer ]
Triplet State
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