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Outline

 Motivation: GeV WIMPs and reactor neutrinos
* The scintillating bubble chamber technique

e Results from a 30-gram xenon prototype
e arXiv:1702.08861 [PRL 118, 231301]

e Current status and next steps: lowering thresholds,
liquid Argon target


https://arxiv.org/abs/1702.08861

What could you do with a liquid-
noble bubble chamber?

* Discriminating
* Only sensitive to nuclear recoils (neutrons, neutrinos, and
WIMPs), ~10%° ER discrimination

 Scintillation channel eliminates bubble-nucleating
backgrounds at other energies (e.g. alpha decays, surface
wetting phenomena)

 Scalable
 Largest bubble chamber to date: 35 m3 (BEBC)
* Ton-scale low-background bubble chamber in works (PICO)

 Low threshold

* Sub-keV recoil energy threshold is moving from “plausible” to
“realistic”



What could you do with an argon bubble

chamber?

1077 — —10"
\?‘%
©
10738, \O\ ;é’ 1072
o N 9 H
E ~ ‘_‘C:?i %}
5,107 R L 1073
- o\ 3|2
O AN Nz
= S 8. 10"
B 10740 cemertd. NS 107
(7] 7 o <
% = |
© 10 1107°
o 4
c .
< 107 SR LN GvaNUSYD-10 H 1076
[&) ~
2 DR i
] B,
o 10~43 '.?‘}C‘Q@S 1077
= N, Sr .
g --"IIIII..‘. ‘.@
an® - hd ()
x 1074 ae"" 2 1078
© . |
()] ...'ll.lu‘i.'_" \
1074 107
arXiv:1707.04591 |
107461 : R oy
0.1 0.5 1 10

Dark Matter Mass [GeV/c?]

Dark Matter-nucleon cross section [pb]

1 ton-year at 1-
keVr threshold
(76 8B neutrino
events expected)



What could you do with an argon bubble
chamber?

CEvNS rate on Argon at existing/proposed reactor sites
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Bubble Chamber Thermodynamics

* What does it take to nucleate a bubble?




Bubble Chamber Thermodynamics

* What does it take to nucleate a bubble?
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Bubble Chamber Discrimination
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Electron recoil sensitivity -
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Nucleation Probability

Nuclear Recoil Sensitivity
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Neutron Calibrations in C;Fg @ E; = 3.2 keV

3.2keV efficiency curve

:—'Carbon Efficiency
+|—Fluorine Efficiency
—Seitz Threshold

4 6 8
Recoil Energy (keV)

10 12

14

Rate (arbitrary units)

—_
o

—
OI

o

-y

He-l

AmBe . OlbserQed I‘:iate‘
___Simulated rate with

best-fit efficiency

eH
e

T

!

I Systematic uncertainty
on neutron flux

2+ 1 2 3
Bubble Multiplicity

4

5 6 7+




I N

NU Xenon Bubble Muon paddle
Chamber #Zl‘ Camera

Vacuum cryostat
——

PMT

|_-65to0-43°C
superheated

uoneuIwN||1 Y|

\ Scintillation &

Piezo

Sapphire window 0 Bubble

|_-105°C
normal

To hydraulic controller




NU Xenon Bubble Chamber

e First Bubbles June 2016 April 2016
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Sample Nuclear Recoil Event

T

-250

-200 -150 -100
Time from DAQ trigger (s)

=50

2 ® 4

T 1

o

L]

| H
AU Timage shown at left

|- -~
2

L]

" LED Gate

|
—_

--"

_---~=100 =50
_-c Time from DAQ trigger (ms)

o
0
o
Iogm[PMT pulse area (au)]

Acoustic amlplitude (au)
o
o

o

0.5
Time from acoustic t0 (ms)

i
\I/o

o
=

N
o

PMT amp (mV)

|
1N

50 100 150 200
Time from PMT trigger (ns)

o
o

11



Acoustic — Scintillation Coincidence

< 1% accidental
coincidence rate in
calibration data

* Slope = speed of
sound in xenon (to
20%)
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Scintillation Spectrum for Bubble Events

E;=8.2-8.6 keV
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Current Status and Next Steps

 Simultaneous bubble nucleation and scintillation
for nuclear recoils demonstrated

* Bubble nucleation by gammas <10° at E;=1.0 keV

* Nuclear threshold analysis ongoing at E;=1.0 keV

* Now calibrating sensitivity to low-energy nuclear recoils
using (y,n) sources

* Reconfiguring the xenon chamber to use liquid Ar
as target fluid

e Ready to scale up soon



