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Why bubble chambers?
• Intrinsic rejection of electron recoil backgrounds 

• Large target mass (ton-scale, next generation) 

• Low energy recoil sensitivity (< 5.5 keV) 

• Multiple target nuclei: ability to test cross section 
dependence on atomic number, nuclear spin 

• Challenges: image analysis (solved), alpha rejection 
(largely solved), mechanical stresses (particulates)
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Background Rejection

• Gammas – bubble chambers’ specialty 

• Alphas – acoustic measurements 

• Neutrons – minimize with shielding, cleanliness
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Backgrounds: Gammas
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Choose thermodynamic parameters for  
sensitivity to nuclear recoils, but not electron recoils



Backgrounds: Gammas

In 12.2 live-days of exposure to a 1 mCi 133Ba gamma source, saw 4 events 
Based on Geant4 MC of local gamma flux, 0.02 electron recoil events in Run-2

CF3I

C3F8

Bubble nucleation  
probability from  
gamma interactions  
in C3F8 and CF3I

7



Backgrounds: Alphas
• Acoustic discrimination against alphas 

discovered by PICASSO  
(Aubin et al., New J. Phys.10:103017, 2008) 

• Alphas deposit their energy over tens of μm 

• Nuclear recoils dep. energy over tens of nm 

• In PICO, alphas are several times louder 

• 90% LL on alpha rejection is 98.2%, based on 
stats.-limited 4.4 keV data in PICO-2L

Daughter heavy nucleus
(~100 keV)

Helium nucleus
(~5 MeV)

~40 μm

~50 nm

Observable bubble ~mm
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T (�C) P (psia) Seitz threshold, ET (keV) Livetime (d) WIMP exposure (kg-d) No. of candidate events
14.2 31.1 3.2± 0.2(exp)± 0.2(th) 32.2 74.8 9
12.2 31.1 4.4± 0.3(exp)± 0.3(th) 7.5 16.8 0
11.6 36.1 6.1± 0.3(exp)± 0.3(th) 39.7 82.2 3
11.6 41.1 8.1± 0.5(exp)± 0.4(th) 18.2 37.8 0

TABLE I: Table describing the four operating conditions and their associated exposures. The experimental uncertainty on the
threshold comes from uncertainties on the temperature (0.3�C) and pressure (0.7 psi), while the theoretical uncertainty comes
from the thermodynamic properties of C3F8 (primarily the surface tension).
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FIG. 2: (Color online) AP distributions for neutron calibra-
tion data (black) and WIMP search data (red) at 4.4 keV
threshold. Note that the x-axis shows ln(AP ). As discussed
in the text, alphas from the 222Rn decay chain can be iden-
tified by their time signature and populate the two peaks in
the WIMP search data at high AP , with higher energy alphas
from 214Po producing larger acoustic signals.

ble, and events in which the optical reconstruction algo-
rithm failed to converge. The total e�ciency of the data
quality cuts is 0.961 ± 0.003. The total acceptance for
neutron-induced, single nuclear recoils including fiducial,
acoustic and data quality cuts is 0.80±0.02 for data with
the trigger delay and the pressure-rise based fiducial cut,
decreasing to 0.72± 0.02 for the optical fiducial cut.

One of the main strengths of the superheated fluid de-
tectors is their insensitivity to electronic recoils. The
PICO-2L chamber was exposed to a 1 mCi 133Ba source
to confirm this behavior in C3F8. With no candidate
events observed during the gamma exposure at 3.2 keV,
the probability for a gamma interaction to nucleate a
bubble was determined to be less than 3.5 ⇥ 10�10 at
90% C.L. by performing a Geant4 [13] Monte Carlo of the
source and counting the total number of above-threshold
interactions of any kind in the active target. Combining
these results with a dedicated NaI measurement of the
gamma flux at the location of the chamber in the ab-
sence of any sources [14], we expect electronic recoils to
produce fewer than 0.05 events in the PICO-2L WIMP
search data.

A second key method for background rejection in su-
perheated detectors is the acoustic rejection of alpha de-
cays [7, 8, 10, 15]. PICO-2L observed a rate of high-AP
events at 4.4 keV threshold immediately after the initial

fill that decayed with a half-life consistent with that of
222Rn to a steady state of about 4 events/day. None of
the high acoustic power events leak into the nuclear recoil
acceptance band in that data set, confirming that acous-
tic alpha rejection is present in the C3F8 target. The 4.4
keV data provide a statistics-limited, 90% lower limit on
the alpha-rejection in PICO-2L of 98.2%.

In addition to the acoustic discrimination, PICO-2L
data show a dependence of AP on alpha energy that was
not previously observed in CF3I. At low threshold, two
distinct peaks appear at high AP (see Fig. 2). The time
structure of the high-AP peaks is consistent with that
of the fast radon chain (222Rn, 218Po, and 214Po decays
having energies of 5.5 MeV, 6.0 MeV, and 7.7 MeV, re-
spectively). The events in the louder peak come primarily
from the third event in the chain, the high energy 214Po
decay. To our knowledge, this constitutes a first instance
of particle energy spectroscopy using acoustic methods.

Background neutrons produced primarily by (↵,n) and
spontaneous fission from nearby 238U and 232Th can pro-
duce both single and multiple bubble events. We per-
form a detailed Monte Carlo simulation of the detector
to model the neutron backgrounds, predicting 0.9(1.6)
single(multiple) bubble events in the entire data set, for
an event rate of 0.004(0.006) cts/kg/day, with a total un-
certainty of 50%. There were no multiple bubble events
observed in the WIMP search data, providing a 90% C.L.
upper limit of 0.008 cts/kg/day, consistent with the back-
ground model.

The sensitivity of the experiment to dark matter de-
pends crucially on the e�ciency with which nuclear re-
coils at a given energy produce bubbles. The classical
Seitz model [16] indicates that nuclear recoils of energy
greater than ET will create bubbles with 100% e�ciency,
but past results show that the model does not accurately
describe the e�ciency for detecting low energy carbon
and fluorine recoils in CF3I [7, 17]. This breakdown is
attributed to the relatively large size of carbon and fluo-
rine recoil tracks in CF3I, as bubble nucleation only oc-
curs if the energy deposition is contained within a criti-
cal bubble size. Iodine recoils in CF3I have much shorter
tracks and have been shown to more closely match the
Seitz model predictions [12]. Simulations of nuclear re-
coil track geometries using the Stopping Range of Ions in
Matter (SRIM) package [18] as well as measurements in

222Rn   218Po   214Po 
       5.5      6.0    7.7 MeV

First instance of  
acoustic spectroscopy?

Multiple radiating bubbles



Backgrounds: Neutrons
• Single-scatter neutrons are indistinguishable from WIMPs in these 

detectors 

• Can’t discriminate against them, so minimize them  

• Two neutron sources for PICO-2L: 

• Cosmogenic: spallation in rock near detector by high energy cosmic 
ray muons (negligible for PICO-2L; veto present for PICO-60 Run-2) 

• Radiogenic: natural radioactivity in rock and detector apparatus 
(alpha-n and spontaneous fission) 

• Total neutron background estimate for Run-2:  
1.0 (1.8) single (multiple) bubble events, with 50% overall uncertainty
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PICO-2L Run-1
• Successor to  

COUPP-4kg: 4 kg of CF3I 

• same size silica jar,  
location, water shield 

• Lower radioactivity components 

• Target fluid: CF3I → C3F8 

• Focus on sensitivity to  
spin-dependent couplings 

• Double 19F density, lower energy 
threshold, improved efficiency, 
more stable chemistry
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Run-1 Results

• 9 background events seen in 
signal region after AP cut 

• Time correlations with previous 
expansions: not neutrons, and 
not DM, so what is the source? 

• Particulate radioactivity? –  
Found steel and quartz by  
SEM/EDX, but not enough U/Th 
in ICP-MS to fully account for 
these events
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events are not treated as evidence for a dark matter sig-
nal but instead as an unknown background. Studies are
now underway to test hypotheses for the source of these
events.
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FIG. 5: (Color Online) The cumulative distribution func-
tion (CDF) of the time-to-previous-non-timeout (TPNT) for
events with random timing (simulated WIMP-like events) and
the 3.2 keV candidate events. The two distributions are not
consistent with each other.

The correlation of the candidate events with previ-
ous bubbles can be used to set a stronger constraint on
WIMP-nucleon scattering by applying a cut on TPNT.
Since there is no valid basis for setting the cut value a

priori, a method based closely on the optimum interval
method [22] is used to provide a true upper limit with
TPNT cuts for each WIMP mass optimized simultane-
ously over all four operating thresholds. The optimum
cuts remove all 12 candidate events at each WIMP mass,
while retaining 49–63% of the e�ciency weighted expo-
sure, with the range due to changes in the relative weight-
ing of the four threshold conditions for di↵erent WIMP
masses. If the optimum cuts had simply been set a pos-

teriori, without applying the tuning penalty inherent in
the optimization method, the cross section limits would
be a factor of 1.2–2.4 lower than reported here, with the
bigger factor applying to higher WIMP masses.

The limit calculations assume the standard halo pa-
rameterization [23], with ⇢D = 0.3 GeV c�2 cm�3,
vesc = 544 km/s, vEarth = 232 km/s, v0 = 220 km/s,
and the spin-dependent parameters from [24], and the re-
sulting 90% C.L. limit plots for spin-independent WIMP-
nucleon and spin-dependent WIMP-proton cross-sections
are presented in Figs. 7 and 6. Using the same pa-
rameters as in [23] would yield approximately 5 � 20%
stronger limits depending on the WIMP mass. The re-
sults shown here represent the most stringent constraint
on SD WIMP-proton scattering from a direct detection
experiment and the first time supersymmetric parameter
space has been probed by direct detection in the SD-
proton channel (e.g. the purple region, taken from [30]).

The PICO Collaboration would like to thank SNO-
LAB and its sta↵ for providing an exceptional under-
ground laboratory space and invaluable technical sup-
port. This material is based upon work supported by
the U.S. Department of Energy, O�ce of Science, O�ce
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FIG. 6: (Color online) The 90% C.L. limit on the SD
WIMP-proton cross section from PICO-2L is plotted in red,
along with limits from COUPP (light blue region), PICASSO
(dark blue), SIMPLE (green), XENON100 (orange), Ice-
Cube (dashed and solid pink), SuperK (dashed and solid
black), CMS (dashed orange), and ATLAS (dashed pur-
ple) [7, 9, 10, 25–29]. For the IceCube and SuperK results, the
dashed lines assume annihilation to W-pairs while the solid
lines assume annihilation to b-quarks. Comparable limits as-
suming these and other annihilation channels are set by the
ANTARES, Baikal and Baksan neutrino telescopes [31–33].
The CMS and ATLAS limits assume an e↵ective field the-
ory, valid for a heavy mediator. The purple region represents
parameter space of the CMSSM model of [30].
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FIG. 7: (Color online) The 90% C.L. limit on the SI WIMP-
nucleon cross section from PICO-2L is plotted in red, along
with limits from PICASSO (blue), LUX (black), CDMS-lite
and SuperCDMS (dashed purple) [9, 34–36]. Similar lim-
its that are not shown for clarity are set by XENON10,
XENON100 and CRESST-II [37–39]. Allowed regions from
DAMA (hashed brown), CoGeNT (solid green), and CDMS-
Si (hashed pink) are also shown [40–42].
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T (�C) P (psia) Seitz threshold, ET (keV) Livetime (d) WIMP exposure (kg-d) No. of candidate events
14.2 31.1 3.2± 0.2(exp)± 0.2(th) 32.2 74.8 9
12.2 31.1 4.4± 0.3(exp)± 0.3(th) 7.5 16.8 0
11.6 36.1 6.1± 0.3(exp)± 0.3(th) 39.7 82.2 3
11.6 41.1 8.1± 0.5(exp)± 0.4(th) 18.2 37.8 0

TABLE I: Table describing the four operating conditions and their associated exposures. The experimental uncertainty on the
threshold comes from uncertainties on the temperature (0.3�C) and pressure (0.7 psi), while the theoretical uncertainty comes
from the thermodynamic properties of C3F8 (primarily the surface tension).
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FIG. 2: (Color online) AP distributions for neutron calibra-
tion data (black) and WIMP search data (red) at 4.4 keV
threshold. Note that the x-axis shows ln(AP ). As discussed
in the text, alphas from the 222Rn decay chain can be iden-
tified by their time signature and populate the two peaks in
the WIMP search data at high AP , with higher energy alphas
from 214Po producing larger acoustic signals.

ble, and events in which the optical reconstruction algo-
rithm failed to converge. The total e�ciency of the data
quality cuts is 0.961 ± 0.003. The total acceptance for
neutron-induced, single nuclear recoils including fiducial,
acoustic and data quality cuts is 0.80±0.02 for data with
the trigger delay and the pressure-rise based fiducial cut,
decreasing to 0.72± 0.02 for the optical fiducial cut.

One of the main strengths of the superheated fluid de-
tectors is their insensitivity to electronic recoils. The
PICO-2L chamber was exposed to a 1 mCi 133Ba source
to confirm this behavior in C3F8. With no candidate
events observed during the gamma exposure at 3.2 keV,
the probability for a gamma interaction to nucleate a
bubble was determined to be less than 3.5 ⇥ 10�10 at
90% C.L. by performing a Geant4 [13] Monte Carlo of the
source and counting the total number of above-threshold
interactions of any kind in the active target. Combining
these results with a dedicated NaI measurement of the
gamma flux at the location of the chamber in the ab-
sence of any sources [14], we expect electronic recoils to
produce fewer than 0.05 events in the PICO-2L WIMP
search data.

A second key method for background rejection in su-
perheated detectors is the acoustic rejection of alpha de-
cays [7, 8, 10, 15]. PICO-2L observed a rate of high-AP
events at 4.4 keV threshold immediately after the initial

fill that decayed with a half-life consistent with that of
222Rn to a steady state of about 4 events/day. None of
the high acoustic power events leak into the nuclear recoil
acceptance band in that data set, confirming that acous-
tic alpha rejection is present in the C3F8 target. The 4.4
keV data provide a statistics-limited, 90% lower limit on
the alpha-rejection in PICO-2L of 98.2%.

In addition to the acoustic discrimination, PICO-2L
data show a dependence of AP on alpha energy that was
not previously observed in CF3I. At low threshold, two
distinct peaks appear at high AP (see Fig. 2). The time
structure of the high-AP peaks is consistent with that
of the fast radon chain (222Rn, 218Po, and 214Po decays
having energies of 5.5 MeV, 6.0 MeV, and 7.7 MeV, re-
spectively). The events in the louder peak come primarily
from the third event in the chain, the high energy 214Po
decay. To our knowledge, this constitutes a first instance
of particle energy spectroscopy using acoustic methods.

Background neutrons produced primarily by (↵,n) and
spontaneous fission from nearby 238U and 232Th can pro-
duce both single and multiple bubble events. We per-
form a detailed Monte Carlo simulation of the detector
to model the neutron backgrounds, predicting 0.9(1.6)
single(multiple) bubble events in the entire data set, for
an event rate of 0.004(0.006) cts/kg/day, with a total un-
certainty of 50%. There were no multiple bubble events
observed in the WIMP search data, providing a 90% C.L.
upper limit of 0.008 cts/kg/day, consistent with the back-
ground model.

The sensitivity of the experiment to dark matter de-
pends crucially on the e�ciency with which nuclear re-
coils at a given energy produce bubbles. The classical
Seitz model [16] indicates that nuclear recoils of energy
greater than ET will create bubbles with 100% e�ciency,
but past results show that the model does not accurately
describe the e�ciency for detecting low energy carbon
and fluorine recoils in CF3I [7, 17]. This breakdown is
attributed to the relatively large size of carbon and fluo-
rine recoil tracks in CF3I, as bubble nucleation only oc-
curs if the energy deposition is contained within a criti-
cal bubble size. Iodine recoils in CF3I have much shorter
tracks and have been shown to more closely match the
Seitz model predictions [12]. Simulations of nuclear re-
coil track geometries using the Stopping Range of Ions in
Matter (SRIM) package [18] as well as measurements in



PICO-2L Run-2
• First bubble: 2015, Feb 27 

• Physics run: Jun 12 – Sep 25 
66.3 live-days in total 

• Natural quartz inner vessel 
flange replaced with low-
radioactivity fused silica 

• Focused on minimizing 
particulate contamination 
during assembly and filling 

• Improved cooling and piezo 
acoustic sensor reliability

12

IV flange: 
natural quartz → 
synthetic fused silica

active camera cooling



Run-2 Results
• Anomalous background is  

no longer present 

• Single candidate event, 
consistent with neutron 
background estimate 

• Improvements made for  
Run-2 had the intended effect 
in suppressing background 

• Improved limits…
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FIG. 2. (Color Online) Spatial distribution of bubble events
in the 3.3 keV WIMP search data for Run-1 [8] (left, 32.2 live-
days) and Run-2 (right, 66.3 live-days). Z is the reconstructed
vertical position of the bubble, R the distance from the cen-
ter axis and Rjar the nominal inner radius of the silica jar
(72.5mm). Red filled circles are WIMP-candidate events in
the fiducial bulk volume, blue open circles are alpha induced
bulk events, and black dots are non-bulk events. The rate
of pressure rise, measured by an AC-coupled transducer, was
used for the fiducial volume cut in [8]. An identical transducer
installed for Run-2 failed during commissioning, and the Run-
2 fiducial volume cut is entirely based on the improved optical
reconstruction.

upper limits reported here are based on treating the one
single-bubble event in the sample as dark matter signal.

The same conservative nucleation e�ciency curves are
used as in [8], with sensitivity to fluorine and carbon
recoils above 5.5 keV. The standard halo parameteriza-
tion [23] is adopted, with ⇢

D

=0.3GeVc�2cm�3, v
esc

=
544 km/s, v

Earth

= 232 km/s, v
o

= 220 km/s, and the
spin-dependent parameters are taken from [24]. Limits
at the 90%C.L. for the spin-dependent WIMP-proton
and spin-independent WIMP-nucleon elastic scattering
cross-sections are calculated as a function of WIMP mass
and are shown in Fig. 3 and 4. These limits indicate
an improved sensitivity to the dark matter signal com-
pared to the previous PICO-2L run and are currently
the world-leading constraints on spin-dependent WIMP-
proton couplings for WIMP masses < 50GeV/c2. For
WIMP masses higher than 50GeV/c2, only the con-
straints from PICO-60 [9] are stronger.

VIII. DISCUSSION

These data demonstrate the excellent performance of
the PICO detector technology and provide strong evi-
dence that particulate contamination suspended in the
superheated fluid is the cause of the anomalous back-
ground events observed in the first run of this bubble
chamber. Preliminary indications suggest that the ra-
dioactivity present in the particulate may be insu�cient
to account for the events as originating with alpha de-
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FIG. 3. (Color Online) The 90%C.L. limit on the SD
WIMP-proton cross-section from Run-2 (Run-1 [8]) of PICO-
2L is plotted in green (red), along with limits from PICO-
60 (brown), COUPP-4 (light blue region), PICASSO (dark
blue), SIMPLE (thin green), XENON100 (orange), IceCube
(dashed and solid pink), SuperK (dashed and solid black)
and CMS (dashed orange), [9, 10, 12, 13, 25–29]. For the
IceCube and SuperK results, the dashed lines assume anni-
hilation to W -pairs while the solid lines assume annihilation
to b-quarks. Comparable limits assuming these and other
annihilation channels are set by the ANTARES, Baikal and
Baksan neutrino telescopes [30–32]. The CMS limit is from
a mono-jet search and assumes an e↵ective field theory, valid
only for a heavy mediator [33, 34]. Comparable limits are set
by ATLAS [35, 36]. The purple region represents the param-
eter space of the CMSSM model of [37].
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FIG. 4. (Color Online) The 90%C.L. limit on the SI
WIMP-proton cross-section from Run-2(Run-1 [8]) of PICO-
2L is plotted in green(red), along with limits from PICASSO
(blue), LUX (black), CDMSlite and SuperCDMS (dashed
purple) [12, 38–40]. Similar limits that are not shown for
clarity are set by XENON10, XENON100 and CRESST-
II [41–43]. Allowed regions from DAMA (hashed brown), Co-
GeNT (solid orange), and CDMS-II Si (hashed pink) are also
shown [44–46].
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FIG. 1. (Color Online) AP distributions (in log scale) of
the single-bubble events originating within the optical fidu-
cial volume for neutron calibration data (black) and WIMP
search data (red). The signal region in AP for single nuclear-
recoils is indicated between the dashed blue lines. In both the
calibration and WIMP search data, the two peaks at higher
AP are from 222Rn chain alphas, with higher energy alphas
from 214Po decay producing larger acoustic signals [8, 9]. The
observed rate of alpha decays is consistent between WIMP
search and neutron calibration data.

pansions and the mean superheat time per expansion was
comparable to [8].

A total of 66.3 live-days of WIMP search data was
collected at the 3.3 keV thermodynamic threshold be-
tween June 12 and September 25, 2015. During this time,
the detector was twice exposed to an AmBe calibration
source to monitor the response to nuclear recoils from
neutrons, and twice to a 133Ba source to evaluate the re-
sponse to gamma induced electron recoils. Data collected
within 24 hours after any technical interruption were not
included in the WIMP search.

V. ANALYSIS

The data analysis presented here uses techniques sim-
ilar to those described in [8]. All the neutron calibration
data were scanned by eye to check the bubble multiplic-
ities and the identified single-bubble events were used to
evaluate the e�ciency of the data analysis cuts.

A set of data quality cuts was applied to remove
events with failed optical reconstruction (bubble position
and/or multiplicity), excessive acoustic noise, or poor
agreement in the evaluated time of the bubble nucle-
ation from the six acoustic transducers. The combined
e�ciency of the data quality cuts was 0.85± 0.02. The
acoustic analysis was performed using a procedure de-
scribed in [10], and the same acoustic parameter (AP)
cut range of 0.7<AP< 1.3 as in [8, 10, 11] was adopted.
The AP distributions for WIMP search and calibration
data are shown in Fig. 1. The AP cut has an acceptance
of 0.94± 0.02 for neutron-induced single-bubble events
and an alpha rejection of > 98.8% (90%C.L.). An opti-
cal based fiducial volume cut was derived such that less
than 1% of the events originating at the interfaces (be-

tween C
3

F
8

, water bu↵er and glass walls) were accepted
to be in the fiducial bulk volume and had an e�ciency of
0.84± 0.01.
The total acceptance for single-bubble nuclear-recoil

events including data quality, AP, and fiducial cuts in
this run was 0.67± 0.03, resulting in a total exposure
after cuts of 129 kg-days. The position and acoustic res-
olution were significantly improved for Run-2, resulting
in higher fiducial and AP cut e�ciencies. However, the
acceptance of the data quality cuts, and the total accep-
tance, was lower than in [8] due to water droplets on the
inside wall of the inner vessel compromising the optical
reconstruction of a fraction of the events, and additional
transient acoustic noise.
To search for neutron-induced multiple-bubble events

in the WIMP search data, all events for which more than
one bubble is reconstructed in one or both of the cam-
era images were manually scanned. The acceptance of
this selection criterion was determined using the neutron
calibration data to be 0.93± 0.01. This is substantially
higher than the acceptance for single nuclear-recoil events
since no acoustic or fiducial cuts are needed to identify
multiple-bubble events.

VI. BACKGROUNDS

A constant rate (4 cts/day) of AP-tagged alpha de-
cay events was observed, similar to [8]. Based on de-
tailed Monte Carlo simulations, the background con-
tribution from (↵,n) and spontaneous fission neutrons
was predicted to be 0.008(0.010) counts/kg/day for
single(multiple)-bubble events, with a total uncertainty
of 50%. This is higher than the estimate from [8],
due to the addition to our simulation of (↵,n) reactions
on 14N from radon-chain decays in air within the neu-
tron shielding. The background model predicts 1.0(1.8)
single(multiple)-bubble events from neutrons after all
cuts. Fewer than 0.02 electron recoil events were ex-
pected, based on a measurement of 4 candidate events
during 12.2 live-days of exposure to a 1mCi 133Ba source
coupled with a Monte Carlo simulation in GEANT4 [20]
of the natural gamma flux at the location of the cham-
ber [21, 22]. The 133Ba calibration result corresponds to
a measured e�ciency of (2.2± 1.2 )⇥10�11 for electron
recoils in C

3

F
8

at a 3.3 keV thermodynamic threshold.

VII. RESULTS

A total of 1(3) single(multiple)-bubble nuclear-recoil
events were observed in the 129 kg-day exposure. These
data show the absence of the anomalous background
events observed in the first run [8] of PICO-2L (Fig. 2).
The observed rate of both single and multiple-bubble
nuclear-recoil events is consistent with the expected back-
ground from neutrons. No neutron background subtrac-
tion is attempted, and the WIMP scattering cross-section

Run-1 Run-2
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with Ge and Xe at low mass



Next steps for PICO
• PICO-2L 

• Insufficient shielding for further 
background-free running 

• Run-2 informs techniques for zero-
background running with PICO-60 

• PICO-60 

• Run-2 with C3F8 target fluid 

• Double volume, 4 cameras @ 300 fps 

• New vessel w/ fused silica flange 

• Coated bellows to eliminate steel 

• Active fluid recirculation with filtering
16
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