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Direct detection search for WIMP dark matter
Based on a two-phase argon time projection chamber (TPC)
Design philosophy:

very low background levels (
), further reduced through
active suppression = toward background-free operation:

- pulse shape discrimination
- multiple interactions
- 51/52 signal ratio

- active veto detectors
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Radon-free clean room

Muon veto — water

Cherenkov detector sy

(1000 tons)

lIquid scintillator veto for

eutrons and gamma’s
(30 tons)

Inner detector TPC
(sensitive DM target volume)
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) PMTs within water tank
1m dia. x 10 m high)

ts as a muon and
DsSmogenic veto

99% efficiency)

ovides passive gamma
d neutron shielding




Id scintillator allows coincident
D of neutrons in the TPC and
vides in situ measurement of
neutron background rate

% neutron rejection efficiency

4 m diameter sphere containing mix

f PC + TMB scintillator

Instrumented with 110 8” PMTs

High neutron capture c-section on boron allows for compact veto size

Capture results in 1.47 MeV a particle - detected with high efficiency
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Wavelength Shif
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Photodetectors
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S1: primary scintillation light
S2: secondary electroluminescence light
(proportional to free electrons from S1)

Electron drift lifetime > 5 ms,
compared to max. drift time of ~ 375 us

Electron drift speed = 0.93 + 0.01 mm/us
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Amplitude [arb]

Amplitude [arb]

JiIscriminating Electron Recolls

ulse shape discrimination based on time profile of S1 light signal.
lectron and nuclear recoils produce different excitation densities in the argon,
ading to different ratios of singlet and triplet excitation states
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Entries

RIS/

Pulse Shape Discrimination

Ratio of detected light in the first 90 ns, compared to the total signal

~~

T singlet ~ / NS
T triplet ~ 1500
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Fits to 3°Ar and 33MKr spectrum:
AVERAGE LIGHT YIELD:

7.9 = 0.4 PE/keVee
(well above design: 6 PE/keV,,)

Entries

|

|

| 1 l | | l |
1000 2000

Illlll .L.l.llllllll
3000 4000 5000 6000 7000

sl [PE]

83mKr gas deployed into detector (41.5 keVee)
in October 2013.
Detector was filled with atmospheric argon at 1 Bg/kg.
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The First Physics Result from DS-50 (fi5,

Atmospheric argon (AAr) target
SAr BG present at 1 Ba/kg
47.1 live days

1422 kg - day fiducial of AAr




(Pulse Shape Discrimination)
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51 [PB](«RecoiI energy)
Selected only single-hit interactions (one S1 and one S2 signal) in

0

the TPC fiducial volume (36.9 kg) with no energy deposition in the veto




.1......,; ........................... | e .L,; ............ =) L ....»....j .......... SCENE.(aer’\./',§74.06:4.82f6). 30000

. .
. .
3 3
. - v n 2 r
» TETETTTTTTTTTYY AL A S S A A S A A A AR R AR AR AR AR AR AR AR AR AR AR AR AR R AAAAAAAAAEEE YL
> - -
2
- : : —25000
-~ ' L
' .
' .
' .
.
.

—120000

=15000

10000

5000

o 111-;.1-;1LPL“1LAL1LJLJ:
100 150 200 250 300 350 400 450

S1 [PE]




WIMP Sensitivity

This is the most sensitive dark matter search performed with an
Limit on the WIMP-nucleon spin-independent cross section is
for a WIMP mass of 100 GeV/c?.

_ Neutrino Limit

10’ 10*
M, [GeV/c?]




sertion System (1172014)

Gamma sources:
°’Co (122 keV),
133B3 (356 keV),
137Cs (663 keV)

Neutron source:
AmBe

Drift fields: null,
100, 150, 200 V/c

>

Photo of the calibration system
Taken with veto camera.
Source is placed next to cryostat.
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Underground Argon Fill results
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®* In March 2015, DS50 was filled with underground argon UAr. Major
undertaking — extracted from Colorado mine and purified at FNAL.

® Exhibits at least 300 times smaller content of 3°Ar in UAr than AAr!



UAr combined with powerful PSD in argon -2

Promising path toward large scale argon WIMP detector.




— TPC filled with atmospheric argon (AAr).

Nov. - Jan. 2014: detector comissioning (improve DAQ, DATA
HANDLING and PROCESSING).

June 2014: data taken with high “C content in LSV.

October 2014: First physics results show 3°Ar BG from 47.1 live day

(1422 kg-day fiducial) of AAr corresponds to that expected in 38.7 ye
of UAr DS-50 run (3 years planned) > BACKGROUND FREE RUN

Feb 2015: New neutron veto doped with 5% TMB (low in 4C) achiew
99.5% neutron rejection efficiency.

March 2015: DS50 filled with UAr and new DM run started.

April 2015: >300 x lower 3°Ar - ton-scale DS detector possible.




THE END




