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Searching for dark matter at 
SNOLAB



Slide 3/18

PANIC 2014
Aug 25, 2014

PICASSO & COUPP at SNOLAB

PICASSO COUPP

Geyser Detector 
R&D

PICO-2L
with C

3
F

8

Last data May '14

COUPP-4kg
with CF

3
I

PRD 86, 052001 
(2012) 

COUPP-60 first run
Last data May '14

PICO-250L

COUPP-60 
upgrades

PICASSO-32
Last data Dec '13
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Why Bubble Chambers?

They're Scalable
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Why Bubble Chambers?

Impressive Background Rejection

Gamma
Interaction
Insensitivity

Multiple Neutron 
Scattering

Acoustic Alpha 
Discrimination

Preliminary
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Why Bubble Chambers?

Spin-dependent & Low mass

Ability to change target fluid
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How it works

Radiation induced boiling of superheated fluid.

Pg

Pl Rc

Pg−P l=
2σ

Rc

Q=
4π

3
r c

3ρb(hb−h l)+4 π rc
2(σ−T

d σ

dT )
Surface FormationLatent Heat

Bubble Chamber operation cycle

Boiling Point
(33.5° C, 90 psia)
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How it works

Fast Pressure Transducer

Acoustic Transducers

100fps stereo images

Pressure and Temp monitoring
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How it works

Alphas are ~4 times louder than nuclear recoil 
bubbles.

>99.4% discrimination against alpha events 
demonstrated.
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PICASSO
● Superheated Droplet 

Detector

► Each droplet 
individually 
triggered

● Background Limited 
by alpha activity in 
gel matrix.

Stainless steel frame

Acrylic container 
    ø14  × 40 cm

200 µm droplets 
       of C4F10

9 piezo-sensors

4.5 liters
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COUPP-4kg at SNOLAB

● First run deep 
underground.

● Demonstrated 99.4% 
alpha discrimination

● Backgrounds

► (,n) neutrons from components

► Time-clustered events.
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COUPP-60

● Operational success:

► 10x more massive

▻ (35 kg of CF3I)

► > 80% live fraction

► No multiple bubble events 
from neutrons

► Acoustic discrimination 
confirmed in large chamber

► > 3000 kg-days DM search 
data collected.
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COUPP-60
● Time-clustered background:

► Correlated with temperature ramp

► Spacially clustered around outside 
of active volume.

► Anomalous acoustic power

Recoil- like 
background

Acoustic Power Parameter

Calibration neutrons

Alpha background
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COUPP-60 upgrade

● Suspect background from 
dust.

● Next steps:

► Assay target fluid for 
particulates.

► Installation of in-situ fluid 
filtration system.

► Elimination of sources of 
particulate

A
lpha T

rack

40 m

10 m dust particle
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PICO-2L

● >300 kg-days exposure.

● Run completed in May.

● Acoustic calorimetry.

● C3F8 filled:

► Lower threshold

► Spin-dependent sensitivity

► Chemically inert

7.7 MeV 
from 214Po

5.5 & 6 MeV a 
from 222Rn & 218Po
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PICO-250L Proposal

● 250L of C
3
F

8
 or CF

3
I target fluid

● Engineering of components underway 
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Sensitivity Projections
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Neutron scattering
● New libraries for MCNP and Geant4 created with R-matrix 

calculated angular scattering distributions in the Resolved 
Resonance Region

► PRC 89, 032801 (2014)
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● Measure elastic scatters of a 12 GeV - beam

► Event-by-event recoil energy measurement.

► Preferentially scatters on iodine.

Efficiency calibrations

PRD 88, 021101 
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Efficiency calibrations

PRD 88, 021101 
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CF3I C/F Efficiency

Normalized background subtracted count rate
for Y/Be neutrons on CF3I bubble chambers
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C3F8 Efficiency

Preliminary

Expectation and Fit from Y/Be neutrons on C3F8


