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Incoming
particle recoils
off an electron
or a nucleus in
the crystal

Recoiling atom /
electron travels
through the crystal

lonization: electron-
hole pairs form;

drifted across applied
voltage, collected at
electrodes
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CDMS-II' ZIPs:

« Z-sensitive lonization and Phonon detectors
« 2509 Ge or 100g Si crystal substrates
» Sensors patterned on top & bottom surfaces

-

o in all directions;

Fast, aghermal phonons are
collecteg by transition-edge
Sensors.
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Inner electrode
(85%)

In situ calibration with *3Ba

Outer
electrode
(15%)

Two ionization channels:
e Inner fiducial volume

e Quter electrode where field o
lines are not uniform lonization energy (keVee)

L. Baudis
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ALCaliector ¥ W Transition- « 28 TESs per cell;

CO - =
=== —C—p0 | Edge Sensor 37 cells per quadrant;

4 quadrants per
detector.

phonons

« Phonons break Cooper pairs in aluminum
fins;

* Quasiparticles diffuse into tungsten TES;

« Temperature of TES rises;

« W TES is voltage-biased on superconducting-

normal transition:

e Rising temperature — higher resistance —
lower current.

« Measure pulse as a change in current with
DC SQUID readout.
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In situ calibration with *3Ba
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 Phonons give a second

measurement of recoil
energy.

Resolution is not as good
as ionization, but this is
improved later with a
position-based
correction.

Phonon recoil energy
(unquenched) +
lonization (quenched for
N.R.) allows
discrimination of
backgrounds.



Ratio of ionization to
phonons (yield)
distinguishes between
electron and nuclear
recoils.

lonization yield bands:
functional form based on
Lindhard model fit to
neutrons from 2>°Cf
calibration.

Cut at two standard
deviations for nuclear
recoil selection.

Bulk electron recoils

automatically have
yield=1 after calibration.
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lonization yield
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Ge detector, #°Cf gammas and neutrons
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« Effective discrimination of neutrons (green) from low-yield surface
events (red tail) using several timing parameters.

« Surface events have faster phonon pulses because of interactions
iIn metal films
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Neutrons from cosmic-ray
muons limited dark-matter
search at Stanford
Underground Facility.

In Stanford 3V data (28.3 kg-
days after cuts), 20 Ge
single-scatter candidate
events! PRD 68:082002
(2003)

Once a background is
reached, reach goes like vt
instead of t.

Must go deep!

In the Soudan mine, muon
flux down by 50,000x

For SuperCDMS, go to Sudbury
10
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- Run 118: October 2003 - January

2004
« “Tower 1” only: 1 kg Ge,
60 - - 200 g Si
53 live days of good WIMP-
50 | | s search data
| Calibration y
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Fully blind analysis

Before timing cuts

astro-ph/0405033

Phys. Rev. Lett. 93, 211301 (2004)

After timing cuts, which reject

most

1.5

electron recoils
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Subsequent analysis:

more correct ionization Phys. Rev. Lett. 93, 211301 (2004)

astro-ph/0405033

energy estimator

Before timing cuts After timing cuts, which reject

s 5most electron recoils
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- Run 119: March - August
2004

“The two towers”: 1.5 kg
Ge, 600 g Si

« 74 live days of good
‘extra calibration runs WIMP-search data
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Phys. Rev. Lett. 96, 011302 (2005)
astro-ph/0509259

Before timing cuts After timing cuts, which reject
n1ngst electron recoils
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Data set with this Lol
event came | ;
immediately after ol i
extended exposure to ? !
60 . . TR |
strong *"Co source. 5 1F i
R |
After many > a ’ * AR
0 5 B - 1
interactions, charges IS § T, ;
build up in the crystal: T el ® . . . e
- = E ) L * L L 1
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. L. o4k * .~ iAutomatic
lonization collection is . . . *s ILED flash to
depressed until ool . ®s e o ireneutralize
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. : -0.24
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= Whole data set on same footing, same analysis
= Improve surface event rejection
= Study “outlier” events, position dependence

= Improved data processing, run on Fermilab
farms

= Tests for data quality

Fermilab, May 10, 2007 R. W. Ogburn 18



= Develop position reconstruction
= Many beta outliers are near detector edge
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CDMS Detector Operation [5-Tower] Ba Calib  : 95606.1 K

Cf Calib 3 764.5 K

WIMP search starts : Sat Oct 21 16:25:08 2006 R Searsh cEL o é

Calendar day : 148.9 Days

CDMS Live day : 107.4 Days

Fermilab, May 10, 2007 R. W. Ogburn



= Five towers
= |nto 2008
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90% confidence level upper
limits.
R118, R119 Ge (dashed)
Combined Ge (solid) - different
analyses
Assumes standard WIMP halo,
spin-independent A? coupling
SUSY theory models shown:
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90% confidence level
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J. Cooley, this session:
background-free SuperCDMS

= detector development

= experimental design

Fermilab, May 10, 2007 R. W. Ogburn

= R. Mahapatra, this session:
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- END --
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