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Dark Matter Detection

e Many detectors able to see small deposit
of energy

o Detection really comes down to method
of distinguishing background

e Several different ways to approach this
challenge
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Bubble Chambers

e [lled with superheated fluid iIn metastable state

e Sufficient energy deposited causes an
exploding bubble

e |nsufficient or too sparse energy deposits will
not cause nucleation

do
Ew =Wnr? [0 — T—

Surface energy Latent heat
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Chamber Operation
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Background Discrimination

e Gammas and betas are effectively not
detected by the detector as they do not
meet the Etnreshold IN e requirement.

Temperature (C)
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Gamma Rejection

Probability
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Acoustic Discrimination
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PICO Timeline
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Bellows

Acoustic Sensors

Fused Silica Jar

Pressure Vessel
N

To Hydraulic
Cart
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PICO-2L

Water (buffer)

CsFs (target)

i Cameras

Mineral Oil
(hydraulic fluid)

o 2 (2.9kg) active
mass of CaFs

e (Change from CF3l

gives better gamma
rejection, more
active mass for
proton-interaction
search



DI

e [irst run showed
that CsFs worked

and had the

expected gamma

rejection

PICO-21 Run 1
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e [irst run showed
that CsFs worked

and had the
expected gamma

rejection

e But what are those

events?

e (leanliness was
immediately

suspected
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PICO-21 Run 1

“Low AP” events
(ie present as DM)
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PICO-2 Results

o Al |l candidates seer

were wit

seconds of a previou

S expans

Al

iNn 1000
IO

A

e Also noted to cluster near the surface

and the walls

e Some particulate was seen with an

iNndication that it was

quartz

 [used silica replaced the quartz jar

e [Extensive cleaning undertaken

DBD 16, Osaka - Nov 10, 2016 12



PICO-2. Run 2

Plagued by water droplets
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PICO-2. Results

80 - — — 100 -
o e L -t i . e -
run | S o6 8, M‘J PUNRRNRTONEINIEE S - .
601, o © 05 g 80 [ 4orong B 83
° o el b, o 50
O@ Cég Oo “ go’\ . O<8©% e T
40 o o 00 . - .:5?:.’ o 60 % % R
L %
0 60 0RO, o
— 20 390 Oo ) o’ % ’ °° %;Qy — 40%§§O %ﬁ
O L ()
= | 200 05% . E ool %8
— bo o 8, © E9 — %@@OOC?% @é)o
N oO oooo‘ e O%@'C N ?oo%@)
—20 O e o o O(-% cot O Do o © %
° o © o ..-;.':-‘.&5) O % 20 0
0O O o) | © ©0 00
—40F OQ.OO@){Q(}% o —20 Oo%%% o &
0o 7O o © > o o8
60}, pait —A0 L0 0 e
Oz i . T .
32.2 live—-days _g0 W 66.3 live—-days |
-80 ' : '
0) 20 40 60 80 0) 20 40 60 80
R%/R__ (mm) R%/R__ (mm)
jar jar
Neutron expectation: 0.6%%2.04 Neutron expectation: 1.0%02. 7

e Anomalous rate dramatically reduced, now In line
with neutron expectation
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PICO-2. Results
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e Anomalous rate dramatically reduced, now In line
with neutron expectation
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PICO-2l. Results
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Run 1: Phys. Rev. Lett. 114, 231302 (2015)
Run 2: Phys. Rev. D 93, 061101 (2016)
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PICO-60

o Active material; ~ Tomeesn
36.8kg of CaFl

® [hisis where
we really dug
IﬂtO the Pressure Vesse_—"

Bellows

Acoustic Sensors

anomalous
baCkg round o Fused Silica Jar
DBD 16, Osaka - Nov 10, 2016 17

-
- . i
| 3 | f
¥ i
| i i’
e
..

Cooling Coils

Propylene Glycol

| /(hydraulicﬂuid)

Water (buffer)

~ CFsl (target)

- Cameras




PICO-60 Background -

Acoustically
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PICO-60 Background -
Geographically

® [hese events

were preferentially I
located at the
surface

¢ Also some
iINncrease along the
wall
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PICO-60 Background -
Temporally
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PICO-60 Run 1 Results

50p

e Defined a “clean” & 40
egion away from 2 .
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events to produce 8 5
a result g;%
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PICO-60 Run 1 Results

|
w
~

-
o

SD WIMP—proton cross section [cm2]

WIMP mass [GeV/cQ]

S| WIMP-nucleon cross section [cm2]

—i —
cDI C)I

—
O|
N
N

LR | T T T T T

N
N

—

OI
A
(6}

Phys. Rev. D 93, 052014 (2016)

B
W
T — T

WIMP mass [GeV/c?]

e World-leading SD WIMP proton above 25GeV

e Statistical penalty for cutting data calculated via

Monte Carlo
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PICO-60 Assay

 Radioactive particulates were suspected to be part
of the problem after run | ended. Careful assays of
the liquids after the end of the fill revealed
contamination with mostly steel and silica
particulates

* [he radioactivity of the material is not sufficient to
explain the backgrounds observed
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Surface Tension

e Surface tension in a 50nm bubble

~3.5keV 6 >< G

* Merging bubbles release a significant
fraction of that energy

* [he water also lowers the bubble
nucleation threshold, so the released
energy can nucleate bubbles at
PICO operating thresholds of a few
keV

e Solid particulate is a location for the
bubbles to merge

DBD 16, Osaka - Nov 10, 2016 24




PICO-60 Run 2

o After our experience with PICO-2L, pretty
confident we know what the issue IS

e Since we are making changes, let’s do
everything we can with this detector

e Start by switching to CsFs to increase
gamma rejection |

Preliminary

Probability

6 8
Threshold (keV)

107"
R R b
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PICO-60 Run 2

* Add a filtration system to remove
the particulates

e This Is monitored and has achieved
military specitications

particles/litre
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Particle size bin
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PICO-60 Run 2

e (Cleaning was even
more stringent than
Drevious runs

e A special rig was
designed to clean the
jar with heated
surfactant
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PICO-60 Run 2
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* [he number of piezos was increased and
the mounting system upgraded
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PICO-60 Run 2
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PICO—6O Run 2

e [he water tank
temperature control
system also improved §

e Significantly aids in the &
threshold setting

o A filtration system was also
included to remove biological
contaminants

; ,— » .'T\
W
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P|ICO-60 Datal

he first bubble was
seen August 1, 2016

This was without the
water shield, which
was fllled over the
next week

| ack of an active
shield meant muons
Were seen...

P
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...lots of neutron scatters...




PICO-60 Running

e Primarily
calibration runs
for now, with
some other
tests mixed in

DBD 16, Osaka - Nov 10, 2016 34



All Systems gol
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PICO-60 Run 2 Projection

SD WIMP—-proton cross section [cm2]

10 10 10° 10
WIMP mass [GeV/c?]
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The Future

e Many problems seem connected to
water/active fluid interface

__________________

PICO-60 |

i hydraulic £
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The Future

e Many problems seem connected to
water/active fluid interface
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PICO-40L

e | onger lead time items
already under
construction

e | ocation in SNOLAB
secured

o (Currently looking into
improving piezo mounts,
temperature control
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The Further Future

40
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Conclusion

e P|CO has investigated many
backgrounds, developed a detector
sensitive to small energy deposits

e P|CO-60 (currently running) and
PICO-40L (construction early 2017) will
explore a large area of SD parameter
space

e PICO-500 scheduled to operate in 2018
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