
The PICO Dark Matter 
Search Program

Ken Clark 
Queen’s University



UCLA DM 2018

Bubble Chamber Principles

2

• Lower pressure to reach a metastable state 

• Energy deposition nucleates a bubble
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Chamber Operation

• A trigger causes 
pressurization to 
force back into 
liquid state 

• Trigger is visual but 
acoustic 
information is kept 
for discrimination
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Background Discrimination
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• Gammas and betas are effectively not 
detected by the detector as they do not 
meet the Ethreshold in rc requirement.
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Gamma Rejection
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10-10 ~ 3 keV

10-10 ~ 11 keV
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Acoustic Discrimination
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Daughter heavy nucleus 
(~100 keV)

Helium nucleus 
(~5 MeV)

~40 μm

~50 nm

Observable bubble ~mm

• Alphas deposit their energy 
over tens of microns 

• Nuclear recoils deposit theirs 
over tens of nanometers
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The PICO Program
PICO is the result of a merger between the 
PICASSO and COUPP collaborations 

• PICO-2L C3F8 (2014-2017)                           
C.Amole et al., Phys. Rev. Lett. 114, 231302 (2015)              
C.Amole et al., Phys. Rev. D 93, 061101 (2016) 

• PICO-60 CF3I (2013)                                     
C.Amole et al., Phys. Rev. D 93, 052014 (2016) 

• PICO-60 C3F8 (2016-2017)                  
C.Amole et al., Phys. Rev. Lett. 118, 251301 (2017) 

• PICO-40L C3F8 (2018-2019) 

• PICO-500 (future)
7
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PICO-60

• Active material: 
52kg of C3F8 

• Water used as a 
buffer fluid to 
apply pressure for 
recompression
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employ different targets [7–14]. Located in the SNOLAB
underground laboratory [15] at an approximate depth of
6000 meters water equivalent, the PICO-60 bubble cham-
ber is the largest bubble chamber to search for dark matter
to date. We report results from the first run of PICO-60,
with a dark matter exposure of 3415 kg days taken at
SNOLAB between June 2013 and May 2014.

II. EXPERIMENTAL METHOD

The PICO-60 bubble chamber consists of a 30-cm-
diameter by 1-m-long synthetic fused silica bell jar sealed
to a flexible stainless-steel bellows and immersed in
hydraulic fluid, all contained within a stainless-steel pres-
sure vessel. The pressure vessel is 60 cm in diameter and
167 cm tall. The hydraulic fluid in PICO-60 is propylene
glycol, and the pressure in the system is controlled by an
external hydraulic cart via a 3.8-cm-inner-diameter
hydraulic hose. The stainless-steel bellows balances the
pressure between the hydraulic volume and the bubble
chamber fluid. For this run, the chamber was filled with
36.8! 0.2 kg of CF3I (18.4 l with density 2.05 kg=l at
22 °C and atmospheric pressure). A buffer layer of ultrapure
water sits on top of the CF3I to isolate the active fluid from
contact with stainless-steel surfaces. A schematic of the
detector is shown in Fig. 1.
Parts per million of free iodine molecules in CF3I are

known to absorb visible light. To prevent any discoloration,
the buffer water contains 5 mmol=l of sodium sulfite,
which reacts at the water/CF3I interface with any iodine
in the organic phase to form colorless iodide (I−) that is
then extracted into the aqueous phase. This reaction is
known in chemistry as the iodine clock reaction, and it
efficiently removes any traces of free iodine from the CF3I.
No discoloration of the fluids was observed during the run.
The pressure vessel is located in a 2.9-m-diameter by

3.7-m-tall water tank in the Ladder Labs area of SNOLAB
[15]. The water tank provides shielding from external

sources of radiation as well as temperature control. The
water bath temperature is regulated by the combination of
circulation through an external heater and a second heating
wire located inside the tank for fine control. The water tank,
pressure vessel, hydraulic fluid, and bubble chamber are all
in thermal contact. The temperature is monitored by eight
resistive temperature detectors (RTDs) in the water bath
and four RTDs in the pressure vessel, bracketing the bubble
chamber volume.
Transducers monitoring the pressure are connected to the

inner volume, the pressure vessel, and the hydraulic cart.
An additional fast ac-coupled pressure transducer monitors
the pressure rise in the chamber during bubble growth [16].
Gross pressure control is accomplished using a piston with
a 1∶4 area ratio connected to a pressure-regulated air
reservoir. A stepper motor controlling a hydraulic pump
provides fine pressure control.
Two 1088 × 1700 CMOS cameras are used to photo-

graph the chamber at a stereo angle of 60° at a rate of 50
frames per second. A set of LEDs mounted next to the
cameras flash at the same rate as the camera shutter, and a
sheet of retroreflector mounted inside the pressure vessel
behind the jar reflects the LED light back to the cameras,
effectively backlighting the chamber. The stereo images
from the cameras are used to identify bubbles and recon-
struct their spatial coordinates within the chamber. Figure 2
shows images of a seven-bubble event produced during a
neutron calibration run.
Thirteen piezoelectric acoustic transducers were syn-

thesized from low radioactivity, lead-zirconate-titanate-
based ceramics in an ultrahigh purity environment to
prevent any contamination during mixing, calcination,
and sintering. The transducers are epoxied to the exterior

FIG. 1. A schematic of the PICO-60 bubble chamber.

FIG. 2. Images of a multiple scattering neutron event from the
two PICO-60 cameras. Reflection of the LED rings used for
illumination are clearly visible on the front and back of the jar.
The two vertical strings of acoustic sensors are visible running up
the sides of the jar.

C. AMOLE et al. PHYSICAL REVIEW D 93, 052014 (2016)

052014-2
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PICO-60 Results
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Phys. Rev. Lett. 118, 251301 (2017)

• 30 live-days at 3.3 keV 
• Additional data acquired, but background limited
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PICO-60 Lowered Threshold
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• Stable operation 
was achieved at 
lower thresholds 

• Analysis 
proceeding, 
publication will 
follow soon



UCLA DM 2018

The Future
• Many problems seem connected to 

water/active fluid interface
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PICO-60 PICO-40L

Remove this 
interface, contact 

between active fluid 
H2O
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PICO-40L
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employ different targets [7–14]. Located in the SNOLAB
underground laboratory [15] at an approximate depth of
6000 meters water equivalent, the PICO-60 bubble cham-
ber is the largest bubble chamber to search for dark matter
to date. We report results from the first run of PICO-60,
with a dark matter exposure of 3415 kg days taken at
SNOLAB between June 2013 and May 2014.

II. EXPERIMENTAL METHOD

The PICO-60 bubble chamber consists of a 30-cm-
diameter by 1-m-long synthetic fused silica bell jar sealed
to a flexible stainless-steel bellows and immersed in
hydraulic fluid, all contained within a stainless-steel pres-
sure vessel. The pressure vessel is 60 cm in diameter and
167 cm tall. The hydraulic fluid in PICO-60 is propylene
glycol, and the pressure in the system is controlled by an
external hydraulic cart via a 3.8-cm-inner-diameter
hydraulic hose. The stainless-steel bellows balances the
pressure between the hydraulic volume and the bubble
chamber fluid. For this run, the chamber was filled with
36.8! 0.2 kg of CF3I (18.4 l with density 2.05 kg=l at
22 °C and atmospheric pressure). A buffer layer of ultrapure
water sits on top of the CF3I to isolate the active fluid from
contact with stainless-steel surfaces. A schematic of the
detector is shown in Fig. 1.
Parts per million of free iodine molecules in CF3I are

known to absorb visible light. To prevent any discoloration,
the buffer water contains 5 mmol=l of sodium sulfite,
which reacts at the water/CF3I interface with any iodine
in the organic phase to form colorless iodide (I−) that is
then extracted into the aqueous phase. This reaction is
known in chemistry as the iodine clock reaction, and it
efficiently removes any traces of free iodine from the CF3I.
No discoloration of the fluids was observed during the run.
The pressure vessel is located in a 2.9-m-diameter by

3.7-m-tall water tank in the Ladder Labs area of SNOLAB
[15]. The water tank provides shielding from external

sources of radiation as well as temperature control. The
water bath temperature is regulated by the combination of
circulation through an external heater and a second heating
wire located inside the tank for fine control. The water tank,
pressure vessel, hydraulic fluid, and bubble chamber are all
in thermal contact. The temperature is monitored by eight
resistive temperature detectors (RTDs) in the water bath
and four RTDs in the pressure vessel, bracketing the bubble
chamber volume.
Transducers monitoring the pressure are connected to the

inner volume, the pressure vessel, and the hydraulic cart.
An additional fast ac-coupled pressure transducer monitors
the pressure rise in the chamber during bubble growth [16].
Gross pressure control is accomplished using a piston with
a 1∶4 area ratio connected to a pressure-regulated air
reservoir. A stepper motor controlling a hydraulic pump
provides fine pressure control.
Two 1088 × 1700 CMOS cameras are used to photo-

graph the chamber at a stereo angle of 60° at a rate of 50
frames per second. A set of LEDs mounted next to the
cameras flash at the same rate as the camera shutter, and a
sheet of retroreflector mounted inside the pressure vessel
behind the jar reflects the LED light back to the cameras,
effectively backlighting the chamber. The stereo images
from the cameras are used to identify bubbles and recon-
struct their spatial coordinates within the chamber. Figure 2
shows images of a seven-bubble event produced during a
neutron calibration run.
Thirteen piezoelectric acoustic transducers were syn-

thesized from low radioactivity, lead-zirconate-titanate-
based ceramics in an ultrahigh purity environment to
prevent any contamination during mixing, calcination,
and sintering. The transducers are epoxied to the exterior

FIG. 1. A schematic of the PICO-60 bubble chamber.

FIG. 2. Images of a multiple scattering neutron event from the
two PICO-60 cameras. Reflection of the LED rings used for
illumination are clearly visible on the front and back of the jar.
The two vertical strings of acoustic sensors are visible running up
the sides of the jar.

C. AMOLE et al. PHYSICAL REVIEW D 93, 052014 (2016)

052014-2
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PICO-40L
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• Deployed at same 
location as PICO-60 

• Target ~40L C3F8 

• Synthetic fused silica 
piston removes water 
interface 

• Larger stainless steel 
pressure vessel 
minimizes backgrounds
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PICO-40L
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• Currently all major 
components being tested 
above ground at SNOLAB 

• Shipping underground in 
March 2018 

• Final assembly and 
commissioning to June 
2018 

• Data taking for ~a year
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The Further Future - PICO 500
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• Designed to increase sensitivity by an order of 
magnitude 

• Could run C3F8 and/or CF3I or other targets

SNOLAB cage width
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The Further Future - PICO 500
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Conclusion
• PICO has investigated many 

backgrounds and developed a detector 
sensitive to small energy deposits 

• PICO-60 (completed) and PICO-40L 
(construction summer 2018) will explore 
a large area of SD parameter space 

• PICO-500 scheduled to begin 
construction in 2019
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