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Introduction

The Scintillating Bubble Chamber Collaboration (SBC) is developing a liquid-
noble detector ideal for GeV-mass WIMP searches and coherent elastic
neutrino-nucleus scattering (CEVNS) detection. The detector is now being
commissioned at Fermilab and consists of a 10-kg bubble chamber using lig-
uid argon (LAr) with the potential to reach and maintain sub-keV energy
thresholds. This detector will combine the event-by-event energy resolution
of a liquid noble scintillation detector with the world-leading electron-recoil
discrimination capability of the bubble chamber.

*
) Feedthroughs A
W Piezo Cryocooler
* 850nm LED c
) amera
1 VUV SiPM Thermosyphon viewports
I TS Evaporator condensers
HDPE castle
130 K SiPM panels .
Fused silica vessel G
Thermosyphon o
& LAr volume =)
evaporators ™
Bellows Pressure vessel
90 K )
Cryogenic valve Vacuum jacket
Hydraulic Cylinder
4

Schematic (left) and annotated solid model (right) of the SBC-LAr Detector.

GEANT4 Model

The use of Monte Carlo simulations represents a valuable tool in the design
and construction of the detector. The detector model is constantly being
developed and updated, as part of the detector construction process. The
model developed in this work, provides important information about the in-
ternal backgrounds generated by its different components.

HI/I\III\I\

H HH |\ I|!|||HV|WHH|\|\|\ Ll

ﬂ||| ||||| MIII|||||||||||||| l L

(a) Test of the SBC-LAr “inner assembly” comprising the inner and outer
fused silica vessels. (b) The partially-assembled HDPE “castle”. (c) and (d)
represents sections of the GEANT4 model equivalent to (a) and (b), respec-
tively.

Detector Backgrounds

The SBC Collaboration has plans to use the detector to measure reactor
neutrinos via CEVNS after finishing the commission and calibration of the
chamber. The study of the background in the detector can be separated into
two categories: internal and external backgrounds. The first ones come from
the (o,n) and spontaneous fission reactions in the detector's components and
can only be reduced by selecting low radioactive materials. After careful ma-
terial selection, the internal backgrounds are under control, and less than one
event per day is expected in the detector. External background come from
cosmogenic muons and neutrons. Muons create neutrons via (11,n) reactions

in the materials of the detector and shielding.

Physics Reach

Reactor s neutrino detection via CEVNS presents a challenge because of the
very low NR energy (sub keV range). The external backgrounds typically
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eclipsed the signal; these backgrounds are mainly generated by neutrons, y-
rays, and muons. Reactor neutrinos also provide an excellent opportunity
to study CEVNS, and their observation is still an experimental competition

within several detector technologies.

The study presented here considers three experimental configurations.

Setup LAr Power Distance V. flux un-  Threshold un-
mass  (MW) (m)  certainty (%) certainty (%)
(ke)
A 10 1 3 2.4 5
B 100 2000 30 2.4 5
B(1.5) 100 2000 30 1.5 ,

Relevant parameters assumed for the setups considered in this work.

Neutrino spectrum, (ININ: 1 MW _ at 3 m)
Y N ETTTITTITTEE Cosmogenic Neutrons
e e Reactor Neutrons
= 1= — Nucleation efficiency function (Pr(T))
8 — 5% systematic uncertainty
“‘6} -
{ —
ﬂ —
c
S L
=
2, L
-D —
° —0.5 ;
5 —1 (a
@ 107
< L
© _
=
Q PR
Qo
o L
P —
m -
o
102 —
L L | | I 0
107" 1
Recoil Energy Threshold [keV]
Neutrino spectrum, (LV: 2000 MW _at 30 m) !
B Cosmogenic Neutrons
Nucleation efficiency function (Pr(T))
= 5% systematic uncertainty
2% systematic uncertainty
10

L
Pr(T)

Rate above threshold [events/kg/day]

--------------------------------
---------------------

Recoil Energy Threshold [keV]

Expected neutrino signal and neutron background rates above threshold for
setups A (top) and B (bottom).

The physics reach of the setups described above is analyzed for a one-year ex-
posure. The Standard Model (SM) cross-section employed for CEVNS, after
neglecting the axial contribution, is:

where Q,, = Zg]\o/ - Ngn and my, Z, N are the nuclear mass, proton, and

neutron number of the detector material.
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RGE running of the weak mixing angle in the MS renormalization scheme, as
a function of the energy scale L.
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Exclusion limits at 95% C.L. in the g"-My plane.
Under the assumption that the detector only measures the SM signal and us-

ing a x? function, a fit is performed, and the value of the weak mixing angle

at low energies is extracted with its corresponding uncertainty.

Among the extensions of the Standard Model, extra U(1)’ gauge symmetries
are very popular, sometimes motivated by GUT's in the case of heavy Z'.
In this analysis, a gauged B — L symmetry is studied, namely that the extra

gauge boson couples to quarks and leptons.

The measure of v via CEVNS in reactors allows analysis of unitarity violation
(UV) in the neutrino mixing matrix. In the case of heavy sterile neutrinos,
constraints are set in the non-unitarity parameters through the neutral cur-
rent. Adding extra heavy fermions provokes the non-unitarity of the 3 x 3
light neutrino mixing matrix. In this case, the generalized charged current

weak interaction mixing matrix is written as

X117 0 0
N=N"V.u s NY =l ay 0|, (1)
X31 (X32 (X33

The parameters 7, &27, and 37 are estimated with a x? function identifying
the optimal values of the parameters for setups A, B, and B(1.5).
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(Left) Sensitivity of the diagonal parameter o¢q7 for setups A (red), B (blue),
and B(1.5) (black). The sensitivity from oscillation data is also presented
(blue shaded region). (Right) Sensitivity of the non-diagonal parameter o;;.
The projections for setups A, B, and B(1.5) are compared with upper limits

from global oscillation fits (blue shaded region).

Many experiments with great success have confirmed the three neutrino os-
cillations model. Despite this, various experimental results could extend the
current three flavor model, assuming the existence of at least one additional
sterile neutrino. CEVNS offers a window to search for sterile neutrinos allow-
ing to set constraints in different scenarios. A 3 4+ 1 neutrino hypothesis is

explored in this work, and sensitivity limits are established.
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Expected 95% C.L. exclusion region from sterile neutrino searches. The ex-
pected limits from Setups A, B and, B(1.5) are compared with other experi-

ments.

Conclusions

Studying backgrounds using simulations in GEANT4 is fundamental for design-
ing and constructing the LAr scintillating bubble chamber. This novel bubble
chamber technique has excellent discrimination for backgrounds generated by
electromagnetic radiation. The SBC collaboration is now commissioning the
detectors to study the NR and ER response (the goal is to reach a minimum
threshold of 100 eV). The sensitivity of this detector for different physics cases,
such as electroweak precision tests, new scalar mediators, unitarity violation,
and sterile neutrino search, can be very competitive by controlling the sys-
tematic uncertainties in the anti-neutrino flux from the reactor and reducing

environmental backgrounds.

References

[1] E. Alfonso-Pita et al., “Snowmass 2021 Scintillating Bubble Chambers: Liquid-noble
Bubble Chambers for Dark Matter and CEVNS Detection,” in 2022 Snowmass Summer
Study, 7 2022.

[2] P. Giampa, “The Scintillating Bubble Chamber (SBC) Experiment for Dark Matter and
Reactor CEVNS,"” PoS, vol. ICHEP2020, p. 632, 2021.

[3] J. Allison et al., “Recent developments in Geant4,” Nucl. Instrum. Meth. A, vol. 835,
pp. 186-225, 2016.

[4] L. J. Flores, E. Peinado, and S. Collaboration, “Physics reach of a low threshold

scintillating argon bubble chamber in coherent elastic neutrino-nucleus scattering
reactor experiments,” Phys. Rev. D, vol. 103, p. L091301, May 2021.

[5] E. Alfonso-Pita, L. J. Flores, E. Peinado, and E. Vazquez-Jauregui, “New physics
searches in a low threshold scintillating argon bubble chamber measuring coherent
elastic neutrino-nucleus scattering in reactors,” Phys. Rev. D, vol. 105, no. 11,

p. 113005, 2022.

RICAP 2022, 6'" to 9'" of September



