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2.1  Bubble Chamber Overview 

The PICO Collaboration, product of the recent merger between COUPP and PICASSO, uses superheated 
fluids to search for WIMP dark matter.  The baseline PICO detector is a bubble chamber filled with a 

target liquid (C3F8 or CF3I) and run in a moderately superheated state where it is sensitive to the low 

energy nuclear recoils from WIMP scatters but completely insensitive to recoiling electrons and minimum 

ionizing particles, eliminating the gamma and beta backgrounds that plague most dark matter direct 
detection experiments.  A WIMP scatter creating a nuclear recoil over the energy threshold set by the 

temperature and pressure of the chamber creates a single macroscopic bubble. 

Figure 2 shows a schematic of the typical COUPP or PICO bubble chamber.  The superheated fluid is 
contained in a synthetic silica bell jar.  This jar plus the attached bellows assembly form a clean, sealed 

inner volume, with a buffer fluid (typically water) filling the space above the superheated target.  The 

inner vessel is immersed in a pressure vessel filled with hydraulic fluid.  The bellows on the inner vessel 
serve to balance the pressure between the inner vessel fluids and the hydraulic fluid, preventing any 

differential pressure from building across the wall of the silica vessel. 

Cameras mounted outside the pressure vessel continuously capture stereo images of the target fluid, 

providing both the primary trigger on bubble nucleation and the 3-D position of the event.  On this trigger 
acoustic transducers record the ultrasonic emission from the bubble formation, and the chamber rapidly 

compresses to a non-superheated state, re-condensing the bubble vapor.  Following a ~30 second settling 

time the chamber re-expands to the superheated state, arming for the next event.  Despite this reset period, 
the currently operating COUPP-60 experiment is live >85% of the time when taking physics data. 

Although beta-decays and gamma-interactions will not nucleate bubbles in the superheated fluid, an 

alpha-decay in the fluid will create a single bubble.  This bubble, however, has ~4x greater acoustic 
emission than a bubble nucleated by a nuclear recoil (see Fig. 3).  This effect was first seen by the 

PICASSO Collaboration in superheated droplets [23], and has since been confirmed in COUPP bubble 

chambers [24][8].  The discovery of acoustic alpha discrimination has transformed the bubble chamber 

into a potentially background-free technology for dark matter detection. 

   
Figure 2:  (Left) Schematic of a typical COUPP or PICO bubble chamber showing the target fluid (C3F8 
or CF3I), buffer fluid (water) and hydraulic fluid volumes.  (Right) Stereo images taken from the 

COUPP–60 data, showing the 18-liter CF3I target and a neutron-induced 5-bubble event from an AmBe 

calibration source. 
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2.1  Bubble Chamber Overview 

The PICO Collaboration, product of the recent merger between COUPP and PICASSO, uses superheated 
fluids to search for WIMP dark matter.  The baseline PICO detector is a bubble chamber filled with a 

target liquid (C3F8 or CF3I) and run in a moderately superheated state where it is sensitive to the low 

energy nuclear recoils from WIMP scatters but completely insensitive to recoiling electrons and minimum 

ionizing particles, eliminating the gamma and beta backgrounds that plague most dark matter direct 
detection experiments.  A WIMP scatter creating a nuclear recoil over the energy threshold set by the 

temperature and pressure of the chamber creates a single macroscopic bubble. 

Figure 2 shows a schematic of the typical COUPP or PICO bubble chamber.  The superheated fluid is 
contained in a synthetic silica bell jar.  This jar plus the attached bellows assembly form a clean, sealed 

inner volume, with a buffer fluid (typically water) filling the space above the superheated target.  The 

inner vessel is immersed in a pressure vessel filled with hydraulic fluid.  The bellows on the inner vessel 
serve to balance the pressure between the inner vessel fluids and the hydraulic fluid, preventing any 

differential pressure from building across the wall of the silica vessel. 

Cameras mounted outside the pressure vessel continuously capture stereo images of the target fluid, 

providing both the primary trigger on bubble nucleation and the 3-D position of the event.  On this trigger 
acoustic transducers record the ultrasonic emission from the bubble formation, and the chamber rapidly 

compresses to a non-superheated state, re-condensing the bubble vapor.  Following a ~30 second settling 

time the chamber re-expands to the superheated state, arming for the next event.  Despite this reset period, 
the currently operating COUPP-60 experiment is live >85% of the time when taking physics data. 

Although beta-decays and gamma-interactions will not nucleate bubbles in the superheated fluid, an 

alpha-decay in the fluid will create a single bubble.  This bubble, however, has ~4x greater acoustic 
emission than a bubble nucleated by a nuclear recoil (see Fig. 3).  This effect was first seen by the 

PICASSO Collaboration in superheated droplets [23], and has since been confirmed in COUPP bubble 

chambers [24][8].  The discovery of acoustic alpha discrimination has transformed the bubble chamber 

into a potentially background-free technology for dark matter detection. 

   
Figure 2:  (Left) Schematic of a typical COUPP or PICO bubble chamber showing the target fluid (C3F8 
or CF3I), buffer fluid (water) and hydraulic fluid volumes.  (Right) Stereo images taken from the 

COUPP–60 data, showing the 18-liter CF3I target and a neutron-induced 5-bubble event from an AmBe 

calibration source. 
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Figure 3:  (Right) Sensitivity of CF3I and C3F8 bubble chambers to gamma interactions.  Data come from 

a variety of gamma sources and chambers operating both on the surface and underground.  Dark matter 
search data is taken at thresholds giving at 10-8 to 10-9 gamma efficiency.  (Left) Acoustic discrimination 

in the COUPP 4 detector at SNOLAB at 15 keV threshold [9].  The Acoustic Parameter (AP) is a 

position-corrected measure of the intensity of the ultra-sonic emission from a growing bubble.  The blue 

histogram shows the nuclear recoil acoustic response from neutron calibration data, with 96% acceptance 
between dashed lines.  The red histogram shows background (WIMP search) data, dominated by the alpha 

decays of 222Rn and its daughters.  The WIMP search data at 15 keV include 1733 alpha-decay and 8 

WIMP-candidate events.  These background events in the nuclear recoil region are believed to be due to a 
neutron background, rather than either a WIMP signal or failure of the acoustic discrimination.  Even if 

this background were due entirely to alpha-decays, it would indicate an acoustic rejection of better than 

99.3%. 

Current COUPP / PICO Status 

The first deep-underground bubble chamber data came from the COUPP-4 experiment at SNOLAB (6800 

feet below ground) [25].  This chamber had an active mass of 4.0 kg and its first physics run, from 

November 2010 to June 2011, accumulated a net exposure of 437 kg-days at 8-, 10-, and 15-keV 
thresholds.  The resulting spin-dependent WIMP-proton cross-section limits are the most stringent to-date 

from a direct detection experiment (Fig. 1), and the data demonstrated >99.3% acoustic alpha rejection 

(Fig. 3) [9].  These results were limited by a neutron background, evidenced by the presence of three 
multiple-bubble events in the physics data – only neutrons can produce multiple bubbles in the COUPP/ 

PICO bubble chambers, and roughly 1 in 4 neutron events in COUPP-4 does have multiple bubbles. 

The COUPP-4 experiment was followed by COUPP-60, which is currently operating at SNOLAB with a 
35-kg CF3I target (Fig. 2).  The first 1,000 kg-day dataset from COUPP-60 has been taken, and the 

absence of multi-bubble events confirms that the steps taken since COUPP-4 to improve screening of 

detector components for neutron emitters have been successful.  However, COUPP-60 is not background 

free.  We have confirmed the presence of a non-WIMP background, hinted at in the low-threshold 
COUPP-4 data, that shows several anomalous characteristics, including a slightly (20%) elevated acoustic 

signal relative to nuclear recoils and a markedly increased rate during periods of thermal instability.  The 

current hypothesis is that these events are coming from chemically reactive flakes carried by convection 
currents in the target fluid.  The flakes react with the CF3I producing a non-condensable gas (e.g. C2F6) 

which is trapped on the flake, forming a nano-bubble that eventually becomes a nucleation site for CF3I 

boiling.  This background is still under investigaton in COUPP-60. 

The new PICO collaboration has also recently launched the PICO-2L experiment at SNOLAB, a 2-liter 
C3F8 chamber that began taking dark matter data on Oct. 28, 2013, operating in the same location as the 
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2.1  Bubble Chamber Overview 

The PICO Collaboration, product of the recent merger between COUPP and PICASSO, uses superheated 
fluids to search for WIMP dark matter.  The baseline PICO detector is a bubble chamber filled with a 

target liquid (C3F8 or CF3I) and run in a moderately superheated state where it is sensitive to the low 

energy nuclear recoils from WIMP scatters but completely insensitive to recoiling electrons and minimum 

ionizing particles, eliminating the gamma and beta backgrounds that plague most dark matter direct 
detection experiments.  A WIMP scatter creating a nuclear recoil over the energy threshold set by the 

temperature and pressure of the chamber creates a single macroscopic bubble. 

Figure 2 shows a schematic of the typical COUPP or PICO bubble chamber.  The superheated fluid is 
contained in a synthetic silica bell jar.  This jar plus the attached bellows assembly form a clean, sealed 

inner volume, with a buffer fluid (typically water) filling the space above the superheated target.  The 

inner vessel is immersed in a pressure vessel filled with hydraulic fluid.  The bellows on the inner vessel 
serve to balance the pressure between the inner vessel fluids and the hydraulic fluid, preventing any 

differential pressure from building across the wall of the silica vessel. 

Cameras mounted outside the pressure vessel continuously capture stereo images of the target fluid, 

providing both the primary trigger on bubble nucleation and the 3-D position of the event.  On this trigger 
acoustic transducers record the ultrasonic emission from the bubble formation, and the chamber rapidly 

compresses to a non-superheated state, re-condensing the bubble vapor.  Following a ~30 second settling 

time the chamber re-expands to the superheated state, arming for the next event.  Despite this reset period, 
the currently operating COUPP-60 experiment is live >85% of the time when taking physics data. 

Although beta-decays and gamma-interactions will not nucleate bubbles in the superheated fluid, an 

alpha-decay in the fluid will create a single bubble.  This bubble, however, has ~4x greater acoustic 
emission than a bubble nucleated by a nuclear recoil (see Fig. 3).  This effect was first seen by the 

PICASSO Collaboration in superheated droplets [23], and has since been confirmed in COUPP bubble 

chambers [24][8].  The discovery of acoustic alpha discrimination has transformed the bubble chamber 

into a potentially background-free technology for dark matter detection. 

   
Figure 2:  (Left) Schematic of a typical COUPP or PICO bubble chamber showing the target fluid (C3F8 
or CF3I), buffer fluid (water) and hydraulic fluid volumes.  (Right) Stereo images taken from the 

COUPP–60 data, showing the 18-liter CF3I target and a neutron-induced 5-bubble event from an AmBe 

calibration source. 
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from neutron generation by cosmic rays interacting in the steel of the Outer Vessel and 1.7 
events per year from radioactivity in inner detector components. The muons producing 
neutrons in the Outer Vessel will be detected with high efficiency in the water Cerenkov 
muon veto and will not appear as a background source.  
 
 Anomalous events in 2013-2014 run of COUPP-60. An anomalous population 
of background events, with acoustic amplitude intermediate between those seen for 
calibration nuclear recoils and alpha particles, was discovered in the 2012 run of COUPP-
4 [1]. Similar events have now been seen in the 2013-2014 runs of COUPP-60 and PICO-
2L [2]. In COUPP-60, the large number of events, amounting to between 10 and 100 per 
live day, (with large rate fluctuations during the run) has allowed systematic studies of the 
distributions in time, position, pressure, temperature and acoustic amplitude, all of which 
differ from what would be expected from a dark matter signal. Some of these results are 
shown in Figure 6. 
 The anomalous events are highly non-uninform in their spatial distribution, 
tending to occur close to the silica walls and target/ water interface at the top of the 
chamber. The distribution is seen to move higher in the chamber as the duration of the 
bubble chamber expansion period increases. The distribution in acoustic amplitude shows 
about 20% more power on average than seen in nuclear recoil calibration events and the 
gap between the two populations increases with expansion time. A high degree of 
background separation is possible by combining cuts on spatial distribution, acoustic 
amplitude and expansion time. This analysis technique was used to derive the WIMP 
model exclusion curve of Figure 1, which results from cuts that eliminated all background 
events and had an efficiency of 20% for WIMP signal events. 

 
Figure 6: Anomalous background event distributions. (a) Spatial distribution in r2 and 
z (b) Acoustic amplitude discrimination parameter (AP) of anomalous events (red) 
compared to neutron calibration data (blue). 
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• Temperature dependence - more 
specifically, a dT/dt dependence

COUPP60 - the data

Singles'Recoil6like'rate'in'bulk'vs'Fme'
during'first'period'at'low'pressure'

2'

loose'fiducial'

T'in'glycol'

T'in'water'

Rate'
(not'to'scale)'

(not'to'scale)'

(not'to'scale)' Both'WIMP'
and'gamma'
'runs'are''
included'
here,'since'
no'gamma''
turn6on'was''
seen'

• Spatial dependence - looks 
temperature-related to me
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  •  Run	
  1	
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  –	
  May	
  2014	
  

•  3-­‐kg	
  C3F8,	
  
3—8	
  	
  keV	
  thresholds	
  

•  211.6	
  kg-­‐day	
  exposure	
  
•  No	
  mul3-­‐bubble	
  events	
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12	
  WIMP-­‐like	
  events	
  

ALSO	
  NOT	
  WIMPS	
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FIG. 4: (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 limit calculations assume the standard halo pa-
rameterization [24], 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 [25], and the resulting
90% C.L. limit plots for spin-dependent WIMP-proton
and spin-independent WIMP-nucleon cross-sections are
presented in Figs 5 and 6. These limits represent the
most stringent constraint on SD WIMP-proton scatter-
ing from a direct detection experiment.
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FIG. 5: (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), IceCube (dashed and solid pink),
ANTARES (dashed and solid brown), SuperK (dashed and
solid black), and CMS (dashed orange) [7, 9, 10, 26–29]. For
the IceCube, ANTARES, and SuperK results, the dashed lines
assume annihilation to W-pairs while the solid lines assume
annihilation to b-quarks. The CMS limit assumes an e↵ective
field theory, valid for a heavy mediator.
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PICO-­‐2L	
  WIMP	
  candidates	
  	
  

•  Acous3c	
  distribu3on	
  consistent	
  with	
  calibra3on	
  data	
  
•  Time-­‐since-­‐previous-­‐bubble	
  is	
  anomalous	
  
–  Iden3fied	
  as	
  key	
  discriminant	
  in	
  2012	
  COUPP-­‐4kg	
  result	
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p	
  =	
  0.04	
  

Uniform	
  Time	
  Distribu3on	
  
PICO-­‐2L	
  Events	
  

3-­‐keV	
  Threshold	
  



Dark	
  MaBer	
  Limits:	
  	
  Spin-­‐Dependent	
  

•  World-­‐leading	
  direct-­‐detec3on	
  limit	
  on	
  
spin-­‐dependent	
  WIMP-­‐proton	
  coupling	
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Dark	
  MaBer	
  Limits:	
  	
  Spin-­‐Independent	
  

•  Compe33ve	
  at	
  low	
  masses	
  in	
  spin-­‐
dependent	
  searches	
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  Limits:	
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Background	
  Events…	
  
•  We	
  see	
  events	
  which	
  are	
  not	
  caused	
  by:	
  
– WIMPs	
  

•  Anomalous	
  3ming	
  correla3ons,	
  acous3c	
  signature,	
  and	
  
spa3al	
  distribu3on	
  

– Neutrons	
  
•  No	
  mul3-­‐bubble	
  events	
  

–  Electron	
  recoils	
  
•  In-­‐situ	
  Gamma	
  calibra3on	
  studies	
  

–  Bulk	
  Alpha-­‐decays	
  
•  In-­‐situ	
  222Rn	
  studies	
  

–  Chemical	
  reac3ons	
  
•  Background	
  seen	
  in	
  both	
  CF3I	
  and	
  C3F8	
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Leading	
  Background	
  Suspect…	
  

Alpha-­‐decays	
  from	
  par3culate	
  suspended	
  in	
  
target	
  fluid	
  

	
  
•  Alpha-­‐decays	
  in	
  bulk	
  see	
  bubble	
  nuclea3on	
  by	
  both	
  the	
  

“cannonball”	
  (alpha	
  par3cle)	
  and	
  the	
  recoiling	
  
“cannon”	
  (e.g.	
  Pb-­‐214	
  nucleus)	
  

•  Alpha-­‐decays	
  in	
  >100nm	
  par3culate	
  get	
  only	
  the	
  
cannonball	
  

•  PICASSO	
  has	
  seen	
  in	
  droplet	
  detectors	
  that	
  acous3c	
  
discrimina3on	
  is	
  effec3ve	
  against	
  the	
  former,	
  but	
  not	
  the	
  
laBer	
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•  Alpha-­‐decays	
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“cannonball”	
  (alpha	
  par3cle)	
  and	
  the	
  recoiling	
  
“cannon”	
  (e.g.	
  112-­‐keV	
  214Pb	
  nucleus)	
  

•  Alpha-­‐decays	
  from	
  >100nm	
  par3culate	
  give	
  only	
  the	
  
cannonball	
  

•  PICASSO	
  has	
  seen	
  in	
  droplet	
  detectors	
  that	
  acous3c	
  
discrimina3on	
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Par3culate	
  in	
  the	
  Chambers	
  
•  Are	
  there	
  par3culate	
  in	
  chambers?	
  
–  Samples	
  taken	
  in	
  July	
  –	
  answer	
  is	
  YES.	
  

•  Where	
  did	
  they	
  come	
  from?	
  	
  What	
  are	
  they?	
  	
  
How	
  radioac3ve	
  are	
  they?	
  
– Assays	
  underway	
  at	
  PNNL	
  

•  Do	
  alpha’s	
  from	
  par3culate	
  create	
  background	
  
events?	
  
–  Par3culate	
  spikes	
  in	
  test	
  chambers	
  beginning	
  

•  Can	
  we	
  eliminate	
  this	
  background?	
  
– Ac3ve	
  fluid	
  filtra3on	
  system	
  
–  Scin3lla3ng	
  target…	
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Par3culate	
  in	
  the	
  Chambers	
  

•  What	
  are	
  these	
  par3culate?	
  	
  Where	
  do	
  they	
  
come	
  from?	
  	
  Are	
  they	
  radioac3ve?	
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Filter	
  sample	
  
from	
  PICO-­‐2L	
  
ultrasonic	
  wash	
  
	
  



Par3culate	
  in	
  the	
  Chambers	
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Our current best hypothesis on the origin of  the events is that they are generated 

by alpha radioactivity in particulate matter that is floating in the chamber. This 
contaminating material would normally be present at the target liquid/ water interface, 
where dust has been seen to collect in our small test chambers. During the compression 
cycle of the chamber, thermally driven convection currents in the target liquid will pull 
material deeper into the target volume, with velocities largest close to the walls. This 
scenario seems to offer an explanation for the unusual spatial and time distributions of the 
events. The suppressed acoustic amplitude of the alpha events from particulates can be 
explained by the dissipation of nuclear recoil energy in the solid material, rather than in 
the superheated liquid. 
 A full discussion of current PICO R&D aimed at understanding this new 
background effect is beyond the scope of this report and, with most of the work still in 
progress, we are not yet sure of the viability of our hypothesis that all the anomalous 
events are caused by particulates. We are attempting to generate corresponding events in 
small test chambers intentionally spiked with high load of particulate contamination. We 
are also investigating contamination found in the COUPP-60 liquids after the 2013-2014 
runs ended. We developed a procedure for extraction of microgram quantities of solid 
particles from COUPP-60 by filtration of the water buffer fluid after the target liquid was 
evaporated into a storage container. Particles above 0.2 micron in size were captured onto 
small membrane filters, which were examined using optical and electron microscopy 
(Figure 7). Elemental identification of individual micron sized particles has been 
achieved using energy dispersive X-ray spectroscopy at Pacific Northwest National 
Laboratory and the University of Alberta. The early results from this measurement 
program are quite interesting, with highly significant detections of several different types 
of contamination, including quartz fragments, stainless steel and iron oxide. The near 
term focus of this work is to determine whether these materials may have sufficient alpha 
activity to produce the observed background rate. 
 

 
Figure 7. Electron micrographs of particles recovered from COUPP-60. Left: quartz 
fragment. Right: oxidized stainless steel. 
 

Quartz	
  –	
  O(1)	
  ppb	
  238U	
  if	
  from	
  walls	
  
O(100)	
  ppb	
  238U	
  if	
  from	
  jar	
  flange	
  

Oxidized	
  Stainless	
  Steel	
  –	
  	
  
O(1)	
  ppb	
  238U	
  from	
  most	
  inner	
  
surfaces	
  (maybe	
  not	
  welds…)	
  



Natural	
  Quartz	
  the	
  culprit?	
  

•  It	
  would	
  take	
  ~100mg	
  of	
  flange	
  material	
  to	
  
generate	
  COUPP-­‐60	
  background	
  

•  ~100µg	
  recovered	
  on	
  filters,	
  without	
  
aggressive	
  cleaning	
  (no	
  ultrasonic)	
  

•  Stresses	
  at	
  jar	
  seal	
  may	
  generate	
  par3culate	
  

•  Easy	
  fix:	
  	
  Use	
  synthe3c	
  fused	
  silica	
  (jar	
  wall	
  
material)	
  for	
  flange!	
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PICO-­‐2L	
  Run	
  2	
  

•  New	
  jar	
  with	
  synthe3c	
  
fused	
  silica	
  flange	
  

•  Inner	
  vessel	
  assembled,	
  
going	
  to	
  SNOLAB	
  next	
  
month	
  

•  Will	
  test	
  if	
  quartz	
  flange	
  
is	
  dominant	
  source	
  of	
  
background	
  events	
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COUPP-­‐60	
  Run	
  2	
  

•  Installing	
  target-­‐	
  and	
  buffer-­‐fluid	
  recircula3on	
  
system	
  in	
  COUPP-­‐60	
  in	
  early	
  2015	
  
– Addresses	
  all	
  (radioac3ve	
  and	
  non-­‐radioac3ve)	
  
par3culate	
  background	
  sources	
  

•  Star3ng	
  procurement	
  of	
  new	
  COUPP-­‐60	
  vessel	
  
with	
  synthe3c	
  fused	
  silica	
  flange	
  –	
  installa3on	
  
late	
  2015	
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Background	
  Studies	
  

•  Can	
  we	
  reproduce	
  these	
  
backgrounds?	
  
– Tests	
  underway	
  in	
  10-­‐ml	
  chamber	
  at	
  
Northwestern	
  University	
  
•  Fast	
  (2-­‐day)	
  turnaround	
  to	
  study	
  variety	
  of	
  
par3culate	
  samples	
  

– 2nd	
  10-­‐ml	
  chamber	
  being	
  assembled	
  at	
  
Queen’s	
  

– Tes3ng	
  alpha-­‐emivng	
  vs	
  radioclean	
  
par3culate,	
  pending	
  further	
  guidance	
  
from	
  PNNL	
  assays	
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A	
  few	
  “bright”	
  ideas	
  
•  Op3cal	
  (laser)	
  fluid	
  interroga3on	
  
– Measure	
  bulk	
  par3culate	
  density?	
  
–  Targeted	
  interroga3on	
  a]er	
  events?	
  

•  Scin3lla3ng	
  Target	
  Fluid	
  
– Works	
  like	
  normal	
  PICO	
  chamber,	
  but	
  with	
  PMTs	
  

•  Easiest	
  with	
  liquid	
  xenon	
  
–  Instant	
  leverage	
  against	
  

•  Alpha-­‐decays	
  (in	
  or	
  out	
  of	
  par3culate)	
  
•  Non-­‐radioac3vity-­‐induced	
  backgrounds	
  (chemistry,	
  non-­‐
radioac3ve	
  par3culate,	
  …	
  

– More	
  informa3on	
  always	
  key	
  to	
  figh3ng	
  pathological	
  
backgrounds	
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The	
  future	
  
•  PICO-­‐250L	
  engineering	
  
underway	
  

•  Only	
  direct-­‐detec3on	
  
proposal	
  with	
  spin-­‐
dependent	
  proton	
  
sensi3vity	
  

•  Mul3ple	
  targets	
  key	
  to	
  
understanding	
  future	
  
signal	
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Summary	
  
•  PICO-­‐2L	
  has	
  produced	
  
world-­‐best	
  SD	
  WIMP-­‐
proton	
  limit	
  from	
  
direct	
  detec3on	
  

•  Currently	
  background	
  
limited	
  

•  Testable	
  hypothesis	
  for	
  
background	
  source	
  

•  Future	
  s3ll	
  bright	
  (or	
  
even	
  scin3lla3ng!)	
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