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Two is Better than One!

(b) WIMP Exposure of 96.5 kg - day
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Few Events in ~Tons per Yr at few tens of KeV
Crucial the presence of dual, semi-independent
discrimination



Discrimination in Depleted Argon TPC

based on the difference in decay times between singlet
(= 7 ns) and triplet (1.6 ys) components of the
emitted UV light

Minimum ionizing: triplet/singlet ~ 3/

Nuclear recoils: triplet/singlet ~ 1/3



Why is underground
argon desirable!

® Radioactive 3?Ar produced by cosmic rays in
atmosphere

® beta decays, Q = 565 keV, t,, = 269 years

® |nh atmospheric argon:
® 3°Ar/Ar ratio 8x10-!6
® specific activity | Bqg/kqg

® [imits size (and sensitivity) of argon detectors to
500-1000 kg due to 3’Ar events pile-up



Why is underground
argon desirable?

® 39Ar-depleted argon available via centrifugation or
thermal diffusion, but expensive at the ton scale!

® 39Ar production by cosmic rays strongly suppressed
underground

® Motivated by success in Borexino
® | ow background from '*C crucial for observation
of low energy neutrinos with organic liquid
scintillators.
® Hydrocarbons in deep underground reservoirs
results in low cosmogenic '“C
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Necessary to pre-scan
sources of interest for 3°Ar

® 3°Ar also produced underground by neutron

activation, from fission and (,n) neutrons
e 39K(n,p)°Ar

® 39Ar content depends on local content of U, Th, and
K, and on rock porosity

® In some groundwater samples 3°Ar/Ar ratio
measured up to a factor 20x (2000%) of the
atmospheric ratio

® Cannot rely on 3°Ar simply being low. Pre-scan of
39Ar activity on small samples necessary for program.



~ «—— Prototype Purification Plant
at Princeton

All across the West:
Texas, New Mexico,
Colorado, Kansas




Sources Viable for
Large Scale Production

FAr <50 mBq/kg <40 mBq/kg
Depletion >20 >25
Production capacity 30 tons/yr >10 tons/yr




Measurements of low levels of 3°Ar

Single phase ~| kg
Ar liquid
scintillator

Long light pipe to
Room Temp PMT

Internal Cu shield.
External Pb
shielding not
shown

Measure 3°Ar
spectrum.

Goal: <| mB/kg

(0.1% atm.)
Cryostat with Inner Tube

and internal Cu shield

Inner Tube



Princeton Prototype Plant for Industrial
Scale Production: Achieved 0.5 kg/day
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Princeton Prototype Plant for Industrial
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Purification by cryogenic distillation

Cryogenic distillation
column designed at
Princeton, to be

commissioned
Summer-Fall 2009

Performance:
purification of 20 kg
per day of argon to 4-5
nines of purity
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Level Probe Positions
(From top flange)
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152.40 Level Sensor (5)

/N

64 kg LAr
6.7 kg active mass
Light Yield: 5 pe/keV

PT-90 Coldhead
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—Internal Detector
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Positioning Ring

Support Structure
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Past and Current Efforts

® funded by INFN, construction at Pavia, operation at
LNGS with participation from Princeton
® completed 2006 - first and so far only dark matter

result with argon - Astropart. Phys. 28,495 (2008)

® funding from INFN and NSF (through Princeton)
® installation completed; commissioning ongoing

® demonstrated availability of large quantity of
depleted argon, 3’Ar reduced by >25



Short- and Long-Term Future

e MAX - Multi-ton Argon and Xenon
® 20 institutions, 5-t DAr and 2.5-t Xe TPCs

® NSF announced intention to fund S4 proposal

® funded from NSF through Princeton
® 2 kg/day, depletion >25, by end of 2009

® first depleted argon TPC
® demonstration of key features
® competitive dark matter search



DarkSide

UMass Amherst
Arizona State University
Augustana College
Black Hills State University
Fermilab
University of Houston
University of Notre Dame
Princeton University

Temple University
UCLA



Like the jelly beans in this
jar, the Universe is mostly
dark: 96 percent consists
of dark energy (about
70%) and dark matter
(about 26%). Only about
four percent (the same
proportion as the lightly
colored jelly beans) of
the Universe - including
the stars, planets and us -
is made of familiar
atomic matter.

The End

Image Credit: Fermilab





