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Bubble formation

Proto-bubble in superheated liquid
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Nuclear recoil detectors
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PICO acoustics
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PICO-60

Pressure Vessel

Bellows

Acoustic Sensors
(Piezos)

Water (Buffer)
C3F8 (Target)

Cameras
Propylene Glycol

(hydraulic fluid)
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First PICO-60 run 2013-14
with CF,| target.

Substantial background,
but able to be removed
with fiducial, acoustic and
timing cuts.

Now believe background
results from water mixing
facilitated by particulate
contamination.
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Background events
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C. Amole et al., Phys. Rev. D 93, 052014 (2016)
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P1CO-60 C,F; 3.29keV run

52 kg C;Fg 30 live-days
Nov 2016 — Jan 2017.

1167 kg-days blind
exposure.

Zero WIMP candidates.

Three multiple bubble
events observed,
signature of neutron
background.
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C. Amole et al., Phys. Rev. Lett. 118, 251301 (2017)
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SD WIMP-proton cross section [cm2]

PICO-60 (previous) limits
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C. Amole et al., Phys. Rev. Lett. 118, 251301 (2017)
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PICO-60 low-threshold

(and de-commissioning)

Need to make space for PICO-40L, but
first dial down the threshold and see

what happens.

T ("C)|P (psia)|Seitz threshold, Er (keV)|Livetime (d)|Exposure (kg-d)
19.9 25.5 | 1.20 = 0.1(exp) = 0.1(th) 0.21 8.2
19.9 34.3 | 158 = 0.1(exp) = 0.1(th) 1.29 50.3
15.9 21.7 | 1.81 £ 0.1(exp) = 0.2(th) 7.04 310.81
15.9 30.5 | 245 = 0.1(exp) = 0.2(th) 29.95 1404.22
13.9 30.2 | 3.29 = 0.1(exp) = 0.2(th) 29.96 1167

IDM2018 Brown University
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PICO-60 low-threshold

(and de-commissioning)

102 G Rejection

Old version: see
Need to make space for PICO-40L, but “ % Dan Baxter’s talk

first dial down the threshold and see ol o e,
what happens. |

Probability
S

No WIMP search below 2keV because:| ..

6 8
Threshold (keV)

T ("C)|P (psia)|Seitz threshold., Er (keV)|Livetime (d) |Exposure (kg-d)
199 | 25.0 | 1.20 = 0.1(exp) = 0.1(th) 0.21 5.2
199 | 34.3 | 1.58 = 0.1(exp) = 0.1(th) 1.29 50.3
15.9 21.7 1181 =0.1(exp) £ 0.2(th) 7.04 310.81
15.9 | 30.5 | 2.45 = 0.1(exp) = 0.2(th) 20.05 1404.22
13.9 30.2 3.29 = 0.1(exp) = 0.2(th) 29.96 1167

Combined WIMP-
search dataset
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Low energy neutron calibrations

Tandem Van der Graaff at
Université de Montréal
Resonances in 5'V(p,n)>'Cr
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24SbBe photoneutron source
1,691keV gamma gives 24keV
neutrons

3He counter for neutron
flux monitoring
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1.2 Calibration Datasets
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Fit all neutron data
with systematic
uncertainties for
each dataset to
piecewise efficiency
curves with Markov
Chain Monte Carlo.
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Nucleation efficiency fitted curves
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Bubble Multiplicity
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Blind acoustics 2.45keV run
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WIMP search cut defined based on combined neutron and
gamma calibrations before unblinding WIMP search data
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Acoustic Parameter 2.45keV run
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After unblinding: three WIMP candidates events.
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Spatial distribution 2.45keV run

600
Fiducial mass increased from
500 to 45.7 to 48.8kg (from 88 to
94% of active mass).
400 | * Improved optical
reconstruction.
— 300} * Fiducial cut moved closer
E ) ..
& to walls with additional
N

data quality cuts added.
* Bubble track angle
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* Camera timing
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Combined PICO-60 C.F; results

2.45keV 3.29keV Total
Exposure (kg-d) 1404.2 1167.0 2571.2
WIMP candidates 3 0 3
Multiple bubble events* 2 3 5
Background prediction
Neutron background from multiples** 0.8 0.5 1.3
Neutron background from simulation 0.38 0.25 0.63
Gamma background 0.13 0.03 0.16
8B CEVNS background 0.10 0.06 0.16

Rough (2-sigma) agreement between observation and background simulation, but
we choose not to make use of the background prediction in setting exclusion limits.

*Multiples exposure is larger than WIMP search exposure due to fewer cuts.

**Expect 3.8 multiples per single bubble from neutron backgrounds.
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Combined analysis

Use a 1D Profile Likelihood Ratio to calculate combined WIMP cross-section upper limits.
No constraint is placed on the background at each threshold (flat likelihood function).

Nucleation efficiency uncertainty is converted into a 2D likelihood surface in WIMP
detection efficiency @ in events per kg-day-pb.
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SD limits
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Summary

* PICO-60 completed operations in June 2017 and is now decommissioned to
make room for PICO-40L.

* Stable operation was achieved down to a threshold of 1.20keV.
* An additional WIMP search blind exposure was acquired at 2.45keV threshold.

* New low-energy neutron sources improve the nuclear recoil nucleation
efficiency function.

*  WIMP exclusion limits are extended down to lower masses than previously
reported.

IDM2018 Brown University 28



