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WIMP (%°) direct detection

Background is
millions of times E'm ~ 10's KeV
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/IP Detector Operation

e CDMS ‘ZIP’ detectors employ a robust and powerful discrimination technique:

—  Use both ionization and phonon readout to identify signal and background recoil
events on an event-by-event basis

—  Most of the energy is determined by the phonon signals, which are not statistically
limited and have good energy resolution to improve background rejection.

—  Reading out the phonons before significant " Dark Matter
thermalization gives event position information. (mass ~ GeV — TeV)

—  Requires Transition Edge Sensors (TESs)
fabricated using semiconductor photo-

lithographic techniques and operated below
100 mK.

Germanium

recoil energy

. . E~3V (tens of keV)
—  Also measure signal in charge

carriers: ionization = holes + electrons
to give near-surface location information
and identify event recoil type.




IZIP Charge signals reject near-surface events

Z [mm]

Define a fiducial volume :

— Outer charge electrodes separately
read out for radial information

— Complex E-fields produced by
interleaving electrodes encode near-
surface position Information
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CDMS Phonon sensor operation

« Electron or Nuclear recoil event occurs in germanium substrate.
« Aluminum fins 300 nm thick absorb phonons arriving from substrate underneath.
« Fins connect to Tungsten transition edge sensors (W TESs).

Ph Absornti *WT,.~70 mK
onng% SOTPHON Trapping Region  ® Read out with SQUID array
' ° o ° 4 o o 0 © ° oo : (=) ()
Al fin ° o - \ ’—‘i Heated W electrons
= K 11 floen ©® 6° g o° SQUID Ib.
l \\ \/ Array _ ias

Sub 2A Al |C00per pairs

E,~10A Al

Quasiparticles transport

Germanium the energy to the W TES
substrate

Resistance

% l{shul?
1

Temperature



SuperCDMS ZIP background rejection

Surface-event Rn-daughter sources placed above and below 2 detectors (in situ @ Soudaz)
50 live days > 0 of 132,968 surface events leaked into NR signal region ( > 8keV) ,
> Good enough rejection for proposed SuperCDMS SNOLAB
(100 kg, o, \< 8 x 10/ cm? for 60 GeV/c* WIMP)
® Failing Charge Symmetry Selection O Low Yield Outliers
==+2c Nuclear Recoil Yield Selection @ c1-252 Calibration Neutrons
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IZIP Phonon Pulse Shape Discrimination

time (us)

Surface Electron vs Nuclear Recoil
discrimination seen in operating iZIP
detectors in both phonon pulse shape
differences and energy partition in z-
direction.

®
Surface Event: side summed pulses (Pr~25keV) Bulk NR Event: side summed pulses (Pr~25keV)
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SuperCDMS Soudan — iZIPs

lonization and phonon signals give electron recoil vs

nu

clear recoil discrimination.

Used 7 Ge detectors with lowest noise for this low-mass

WIMP search (others used to reject multiple scatters)

Number of events / 0.04

Residual

- Disagreement with expected WIMP sensitivity above
20 GeV WIMP mass due to high energy events from

damaged detector (T5Z3)

- Tension with prior CDMS Il Silicon result

Boosted Decision Tree trained with a background model
- Significant sources include Pb-210, Ge L-capture,

gammas from K, U, Th contamination.
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SuperCDMS Soudan — CDMSlite

Luke-amplified ionization-energy measurement

24x amplification of ionization energy via phonons
> 10x lower threshold for ERs }

vs. normal

> = equal noise performance +2V mode

No event-by-event ER-NR discrimination
-> But near perfect signal efficiency

Fall 2012 search for light WIMPs
> Single-detector 10-day exposure (5.9 kg-days)
> Observed rate > 1.2+0.2 events /keV, /kg-d
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Axions — Solar Detection

Y a a 4
Photons

. X-ray detector
in the Sun Coulomb Field

Primakov conversion to photons,

8ayy < 107 GeVt

O O

The Sun The Earth

— Events are Electron recoil events, in presence of background, CDMS Il used
information on the Sun’s location and coherent scattering.

— See J.H Yoo et al., Phys. Rev. Lett. 103, 141802 (2009). ArXiv: ©902.4693
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CDMS Il Crystals & Bragg Scattering

Coherent scattering of an axion in a crystal

Bq 4o
q? dE

2977 p(g)[2 sin?(26)]

R(E) = / 2 1672

F(q) = K2 / Pz ¢($)e'TT

Bragg condition
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2d(sin®) = A,

where:
il d = lattice interplanar spacing of the crystal
0 = x-ray incidence angle (Bragg angle)

» = wavelength of the characteristic x-rays
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CDMS Il — Soudan Laboratory

e Amazing collaboration among the CDMS, NuMI/MINOS and old mine crews
e FNAL Alignment Group measured the geodesic north in the Soudan mine (1999)

Latitude : 47.815°N
Longitude : -92.237°E
Altitude : -210m
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CDMS Il — Crystal orientation

e Germanium crystal structure : Face-Centered-Cubic (fcc)
e Overall error in the direction measurement : 3 degree
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Z3
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Z5
5

The following shows detector stack placement:
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Model the Solar Axion event rate

e Seasonal variation of the solar flux
 The height of the Sun changes in seasons

e Detector energy resolutions
e Systematic uncertainty of the detector direction

e Detector livetime information
R123 :2006.10.21~2007.3.21, R124:2007.4.20~2007.7.16
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CDMS Il —single bulk electron recoils
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CDMS Il — Axion limits

Solar Axion search, g, < 2.4 x10” GeV~! _ , ,
Axio-electric coupling strength from

Galactic axion search, gz, < 1.4 x10!2 GeV!
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SuperCDMS — SNOLAB

A Generation-2 Dark Matter search at deeper site focused on low-mass WIMPs

Improve energy resolution x10

New electronics (HEMTs, SQUIDs)
Lower temperatures
Detector design

Reduce backgrounds x200

Material selection (Copper etc.)
Reduce cosmogenic activation (Ge)
New cleaning procedure (Copper)
Reduce radon plate out.
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SuperCDMS SNOLAB ladder lab

Shielding
Electronics

Muon Intensity, m? y!

Muon Flux vs Overburden
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SuperCDMS SNOLAB shielding

Outer shielding (neutrons & gammas):
> 40 cm polyethylene

Inner passive shielding (gammas):
> 23 cm lead with radon purge

Active shielding (neutrons):
> 40 cm doped scintillato

Nested cryostat (gammas):
>1/2-3/8" low-activity copper

Assumed bulk contaminant levels no lower than measured
by other experiments for easily available radiopure materials



Detector advances for SuperCDMS SNOLAB

SuperCDMS Soudan SuperCDMS SNOLAB
Larger 50 kg target mass:
More & larger iZIPs 2.5 cm thick 3.3 cm thick
Cryostat large enough for 400 kg 3”diameter 4”diameter
Si & Ge crystals 600 g Ge 1.4 kg Ge /615 gSi

Start with 6 towers of iZIPs, and 1 tower

in CDMSlite configuration (CDMS — HV) 2 lonization + 2 ionization 2 ionization + 2 ionization

4 phonon + 4 phonon 6 phonon + 6 phonon
Lower background:
New facility at deeper site
Cleaner materials selection
Upgrade to active neutron veto in future @ @ ‘ ‘
Improved signal readout: 5 towers of 3 iZIPs each 6 towers of 6 iZIPs each

Phonons - new SQUID arrays
lonization - switch to HEMTs
Improved tower design

Improved resolution:
Ophonon & Tc> >lower operating temp
42 eV demonstrated (>4x better)
Improved cryogenics could give
>100x improvement!
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SNOLAB iZIP 100 mm Detector

Side 1 Side 2

N\
—\\

!/ g -
L (e
LA \\\k%/ /)

One of 1000 tungsten Transition Edge Sensors ( W TESSs)
\L connected to aluminum phonon energy collection fins

260 microns wide
phonon sensor
ribbon
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SNOLAB 100 mm x 33.3 mm Ge iZIPs
V - °

— Demonstrated fabrication of detectors at sufficient throughput.
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Detector Towers for SNOLAB

100 mm Ge
detector in a
copper housing

e New SNOLAB Detector Tower

HEMT card
SQUIDs

Cold Plate
Mixing chamber
Phonon vertical ¢
Detectors

lonization cable (rigid) ——

— FETs replaced by HEMTs — power
a dissipation

Integrated to CDMS I — New SQUIDs for phonon readout —
tower hardware. ) .
signal/noise



Conclusions

e DOE G2 downselect approved SuperCDMS SNOLAB at 50 kg scale

e CDMS upgraded technology, site depth, materials screening, shielding, and
(possible) active neutron veto:
— 5 years of operation with 0.2 total expected background for WIMP masses > ~10 GeV/c?

e Low backgrounds, improved resolution, upgraded electronics:

= unique discovery potential for WIMP masses 1-10 GeV/c?
—> opportunity to repeat axion searches with lower background and more exposure.

eCDMS-HV tower with high-gain, low-noise operation:
—> CDMSlite Run 2 at Soudan analysis in progress, more exposure, lower noise,
- extremely low thresholds for world leading light-WIMP sensitivity from 0.3-5 GeV/c?

- extend axion search to lower masses.
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