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Direct Detection Techniques

(Ge, CS,, C5Fg CF;l...)
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DMTPC
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Picasso

Red = US LED

ZEPLIN II, III
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WARP
(Xe, A, ArDM
Ne, DAr) LUX
LZ
DarkSide
MAX
Panda-X

CDMS
EDELWEISS  (Ge, Si)
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NAIAD
ZEPLIN I
DAMA/LIBRA
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Ne, DAr) DEAP
MiniCLEAN
CLEAN

CRESST I
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Courtesy DUSEL Dark Matter Working Group
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The Latest from XENON-100
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3 Events Observed within Blind-Cuts
1.8 + 0.6 Expected from BGND
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Dual-Phase Single-Phase
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Bottom PMT Array

Courtesy E. Aprile
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PMT pulse {V}

PMT pulse {¥}

M.G. Boulay and A. Hime
Astroparticle Physics 25, 179 (2006)

-
o

2k
. . . . . é Prompt/Singlet electrons
Pulse-Shape Discrimination in LAr g [ LeG-en
s E T — N
Example Pulses from DEAP-0 © E \ I,;/1,~03
L nuclear recoils
= o 10|
°E L L I 0
<005 = - I,/1,~3.0
01 102 |- A ;
0.18 - Late/Triplet ‘\\\
02 Event from Na-22 run with 67 prompt pe, Fprompt = 0.31 S| . Light (t~ 1.6 us)
E 107 - ety
025 — =
03 .
- 10 sl Laiy sl R sl
AWE- 10" 1 10 10° 10° 10°
0.4 E . . la L L ' L 1 L TR | Tnhoton (I'IS)
H L tme(ns) 408
f ) ' 10 keV events
§ 108 simulgted e-'s
e q [ 6 S | | T = 5 10°L & "mvn o€
0.05 — % P ® .
= 2 o % — nuclear recoils
e g 10° °
= 4 o n0
0.15 — w -, . o
= Event from AmBe run with 48 prompt pe, Fprompt = 0.89 10 o
02 s @
E 3 o
025 — 10 o o,
03 [ %100 simulated
= ? o
035 — | ME§
= 10 ® w iy
g4 1 “I:la 1 1 1 1 L 1 1 L “I:|4 J_’JJ iR
time {ns) L] APPSR I I I YA I P T
01 02 03 04 05 06 07 08 09 1

F
prompt

5 A. Hime, Physics Division, LANL



The DEAP and CLEAN
Family of Detectors

DEAP-0: picoCLEAN:

Initial R&D detector Initial R&D detector

DEAP-1I: microCLEAN:

7 kg LAr 4 kg LAr or LNe
2 cold PMTs

2 warm PMTs
At SNOLab 2008 surface tests at Yale

MiniCLEAN:
500 kg LAr or LNe (150 kg fiducial mass)

92 cold PMTs
DEAP-3600: At SNOLAB mid-201 |
3600 kg LAr (1000 kg fiducial mass)

266 warm PMTs
At SNOLAB late 2012

50-tonne LNe/LAr Detector:

pp-solar V, supernova V, dark matter <10 cm?
At DUSEL ~2015?




Calibration

Port 1

Optical
Module

Inner

Stand /% ——— | Vessel

MiniCLEAN
Single-Phase Conceptual Design

e 41t PMT coverage to maximize light
yield

e Modular design & radon-free assembly

e LAr & LNe target exchange to test for
false backgrounds and A? dependence
of WIMP-nucleus cross-section

e No high-voltage cathodes, simplifying
design and eliminating problems of slow
electron drift speed and 3°Ar pulse pile-

up

e Conceptually simple and economic for
scaling to multi-ton targets

7 A. Hime, Physics Division, LANL



MiniCLEAN Quter Vessel

Engineered at LANL
Procured at Yale

Fabricated at PHPK Technologies
Columbus, OH
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Transporting the Outer Vessel Underground

A. Hime, Physics Division, LANL
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Winchester Precision Technologies
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MiniCLEAN Inner Vessel - May 4, 2011




MiniCLEAN Inner Vessel
May 4, 2011
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SNOLAB Cube-Hall = January 25, 2011
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SNOLAB Cube-Hall = MiniCLEAN Water-Shield Tank
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Engineering & Fabrication of the OV - Stand

B case21.disp.avi

ANSYS
NODAL SOLUTION MAR 31 2011
TIME=.364647 12:13:01
USUM (AVG) <
RS‘IS:O 00:00:04 ~00:00:20
DMX =.720838
SMN =.115435
SMX =.720838

0 .176912 .353824 .530736 .707648
.088456 .265368 .44228 .619192 .796104




Top Hat

IV sphere

Acrylic

Engineering & Testing Optical Cassette Design

Constant fprce spring
2.63 Ibs. constant force regardless of extension range
301 stainless steel
About $3.50 each
Need to make a drum >
Attach drum with #8-32 screws -
Slotted interlock connection with bridle straps
] ] T
v ]
i\ §
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Dedicated Test Stand for Optical Cassettes
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MiniCLEAN Analysis - Simulations & Calibration
Background Model

¢ 39Ar in Target
PSD
v
Si Iati Radon Daughters on WLS-Surface
Imulation Control, Fiducialization, PSD
() (a, n) in PMTs
J Shielding, Fiducialization, “Tagging”

Calibration
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Micro-CLEAN

PSD
Lippincott et al, Phys. Rev. C 035801 (2008)
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PSD in DEAP-1

(preliminary)
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Surface Radon Contamination

TPB LAr i
X 1/3000 from Fiducialization
X 1/10 from Energy ROI
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Alpha-Scintillation of TPB (WLS) offers Additional PSD-Rejection
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Fraction of Events

Analysis Philosophy

Using our experiences from SNO, SK etc ... we aim to develop
a robust analysis program where all detector parameters and
response to signal and backgrounds are over-constrained through
simulation and calibration ... signal extraction incorporating a full

maximum liklihood algorithm.
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MiniCLEAN Calibration

39Ar Uniformly Distributed

in Detector Target...

R(Energy, Position)

External Neutron Sources...

(a, n) in PMTs

External Gamma Sources...

Internal Spikes...

83mKr
39Ar Enrichment

In Situ Optical Sources...

A. Hime, Physics Division, LANL

Calibration
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Kr-83m in MicroCLEAN
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ivj DEAP/CLEAN Collaborators —

University of Alberta University of North Carolina/TUNL
B. Beltran, P. Gorel, A. Hallin, S. Liu, C. Ng, R. Henning

K.S. Olsen, J. Soukup

University of Pennsylvania

Boston University T. Caldwell, J.R. Klein, A. Mastbaum, G.D. Orebi Gann,
D. Gastler, E. Kearns S. Seibert
Carleton University Queen’s University
M. Bowcock, K. Graham, P. Gravelle, C. Oullet M. Boulay, B. Cai, M. Chen, S. Florian, R. Gagnon,
V. Golovko, P. Harvey, M. Kuzniak, J. Lidgard,
Harvard University A. McDonald, T. Noble, P. Pasuthip, C. Poliman,
J. Doyle W. Rau, P. Skensved, T. Sonley, M. Ward
Los Alamos National Laboratory SNOLAB Institute
M. Akashi-Ronquest, K. Bingham, R. Bourque, M. Batygov, F.A. Duncan, I. Lawson, O. Li, P. Liimatainen, K. McFarlane, T.
M. Flores, V.M. Gehman, J. Griego, R. Hennings-Yeomans, A. O’Malley,
Hime, F. Lopez, J. Oertel, K. Rielage, L. Rodriguez, E. Vazquez-Jauregi

S. Seibert, D. Steele
University of South Dakota

Massachusetts Institute of Technology V. Guiseppe, D.-M. Mei, G. Perumpilly, C. Zhang
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