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Basics of PICO

e [he PICO collaboration operates bubble
chambers for the detection of dark
matter

e [arget material is a superheated liquid —
the metastable state means a small
deposit of energy can cause a phase
transition v o
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PlCO Detectors

e Required:
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o A tank for the target

o A way to tell that an event has
happened

o A way to recompress the target
after an event

ittle more to it than this, but we can
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Why use a Bubble Chamber?

® [here are some unigque aspects of the
bubble chamber that make it attractive

e Discrimination is one big one
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Acoustic Discrimination
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The Distant Past: PICO-2|

Bellows Water (buffer)

o 2L (2.9kg) active mass of

Acoustic Sensors CsFs (target) CsaFs

Fused Silica Jar

e (Change from CF3l gives
oetter gamma rejection,
more active mass for

Mineral Oil oroton-interaction search
(hydraulic fluid)

Pressure Vessel
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PICO-2 Results
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Run 1: Phys. Rev. Lett. 114, 231302 (2015)
Run 2: Phys. Rev. D 93, 061101 (2016)




The Past: PICO-60

e Active material:
36.8kg of CaFl

e Completed one
run with CaFl,
moved on to a
second run with a
few modifications
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To Hydraulic Cart

Bellows

Acoustic Sensors

Pressure Vesse_—"

Fused Silica Jar

Cooling Coils

L Propylene Glycol

l l /(hydraulic fluid)

Water (buffer)

~ CFsl (target)

- Cameras
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PICO-60 CsFs

e Double the number of
cameras (from 2 to 4)

e Doubles the active
mass viewed

INncrease the rate to
340 frames per
second

Started taking data
August 2016, ended
July 2017
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Phys. Rev. Lett. 118, 251301 (2017)

 World leading SD WIMP proton sensitivity for large range
of WIMP masses




PICO-60 [ owered Threshold

e Stable operation
was achieved at
lower thresholds

e Analysis took
slightly longer
than
expected...
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PICO-60 Full Exposure Results
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The Present
PICO-60

hydra_ullc gl—lzo
. Fluid 15 oC i
i 15°C HT o !

“‘water fiston”
hydraulic
' Fluid CsFs
15°C 15°C

<«—active volume——
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e Many problems seem connected to
water/active fluid interface
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The Present

__________________ =

PICO-60 [ | PIcO-40L

hydrapllc gHZO
. 15°C Hig o

Remove this /E//P“Water\fiSton” i :::::::: SETTEE CREEEE _:::::::::::::::::::
interface, contact : i ; fused silica

—

CaFe hydra}JIic
150G Fluid
15°C

<«—active volume—————

: . piston
between active fluid
H-O

hydraulic hydraulic !

Fluid CsFs H hydraulic | fluid
15°C 15°C | fluid -5°C
-5°C :

<«— active volume——

: i | I ! :
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e Many problems seem connected to
water/active fluid interface
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PICO-40L

To Hydraulic Cart' Cooling Coils

— —— Propylene Glycol
| /(hydraulic fluid)

Water (buffer)

N (target) I
/fCa

Bellows

Superheated (15C)

Acoustic Sensors

Pressure Vessel_—" meras

Normal (-25C)

Fused Silica Jar
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PICO-40L

e Deployed at same |location as
P|CO-60

e TJarget ~40L CaFs

e Synthetic fused silica piston
removes water interface

Superheated (15C)

Normal (-25C)

e | arger stainless steel pressure
vessel minimizes backgrounds

c~ 17 Queens
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TR P|CO-40L

components at SNOLA

few months

Data taking for ~a year
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o Currently commissioning
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e Completion in July 2019

e Commissioning to extend for a
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PICO-40L Sensitivity
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e One year of running with
“traditional” threshold of
3.2 keV
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e \We now think that lower
thresholds can be
explored with PICO 40L,
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The Future: PICO 500

e Designed to Increase sensitivity by an
order of magnitude

e Could run CsFs and/or CFsl or other
targets
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The Future: PICO 500
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1he Further Future

IR LED

130K

PTFE (VUV
~ Reflector /
IR Diffuser)

90K
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|dentifying a quartz jar
manufacturer for PICO 500
was a challenge (although
eventually successful)

New technologies for different
materials are being
investigated

A detector using a scintillating
target is also being
constructed (see poster by
Hector Hawley Herrera)
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How does PICO work"?

e Start with a bubble in a liquid
e |n thermal equiliorium, so T/ = Tp

e Also In chemical equilibrium, so
= Hb

e Pyis then roughly the vapour

oressure at temperature T, and
PL,>P), so the bubble should
expand... If there were no
surface tension
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Calculation of Threshold

e SO how is the threshold energy

calculated?
N do
Er=dnrz{ o—T|— Surface energy
H
dr
+?rc p,(hy, — hy) Bulk energy
dr .
—?"c (P, — P) Reversible work

e \Where p Is the density and h the specific

enthalpy
o~ 26 Queens
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Calculation of Threshold

e SO how is the threshold energy
calculated?

Er = 42 (—T[%]) 1.53 keV/

Ly —h) 1.8 keV
—%@(Pb - P) 0.15 keV
3.19 keV
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Chamber Operation

Detector is made
sensitive by
depressurizing
chamber

Use video for trigger,
acoustically monitor
as well

A trigger causes
pressurization to
force back into liquid
state
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