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® QOverview of the Dark Matter Problem
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Supernova Cosmology Project

Knop et al. (2003)
Spergel et al. (2003)
Allen et al. (2002) |

Supernovae
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(Roszkowski 2004)



no, we dont
serve quark soup!







Scattering in

Terrestrial Detectors



® Principles of Direct Detection
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: particle nuclear local properties
Interaction theory  structure of DM halo
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Expected rate < 0.01/kg-day
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More lonization
and/or Scintillation

More
Phonons |

lonization




TeO, Al,O3, LiF

.

CaWQO4, BGO
ZnWOy4, AlLOs ... Ge, Si
Xe,Ar, Ne
Nal, Xe, Ar, Ne

Ge, CS,, C3Fsg






® Backgrounds are much higher ® Neutrons from fission and
than the signal event rate (alpha,n) interactions from U/
Th decays

® Neutrons from cosmic ray
® Gamma-rays and beta decays: muons:

® Go deep underground to
reduce muon flux!



Dec
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~2% seasonal
effect
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® Experimental Searches for WIMPS















The direction modulation

N

12:00 h
X

Cygnus

P

Declination of Cygnus ~42°
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Spergel, PRD, 1988
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Measurement of head-tail

935 keV

530 keV

365 keV

6 mm

100 pixels = 6 mm

550 keV
Cf-252 neutrons
< ®
> o
> o
475 keV
> o
< ®
< ®
< o
313 keV
> o
< o
P = 75 torr

Dujmic et al. Astropart. Phys. 30 (2008) arXiv:0804.4827



10L detector
6 months @ WIPP
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cosmogenics



CDMS “signal from 2 events”

DAMA
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® The CDMS Experiment



Use discrimination and shielding to maintain a Nearly Background
Free experiment with cryogenic semiconductor detectors






780 m rock (2090 m water equiv.)
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Active veto muon scintillator




Active veto muon scintillator




Polyethylene

heutron moderation



Lead shields gammas



Ancient Lead shields 2'°Pb betas
<

2



Polyethylene

shields ancient lead



Radiopure Copper inner can




3”7 (7.6 cm)

| cm Ge:250 g
Si: 100 g

Radiopure Ge “target”
























7.6.cm digmeter:

1.0 cm'thicky




3” (7.6 cm)

| cm Ge:250 ¢
Si: 100 g









Quasi-diffusive THz phonons



Quasi-diffusive THz phonons

Ballistic low-frequency phonons



Quasi-diffusive THz phonons

Ballistic low-frequency phonons
Ballistic Neganov-Luke phonons



— Sensor A
— Sensor B
— Sensor C
— Sensor D

Q inner
Q outer



Am241 .
v 14, 18, 20, 26, 60 kev

419 - Cd19% + Al foil
1 22 kev v 22 kev
i.c. electr 63,84 K




Am241 .
v 14, 18, 20, 26, 60 kev

419 - Cd19% + Al foil
1 22 kev v 22 kev
i.c. electr 63,84 K




Y source: Electron Recoil

Yield = Ionization/Phonon

Very effective Particle ID

N source: Nuclear Recoil



Y source: Electron Recoil

Yield = Ionization/Phonon

Very effective Particle ID

N source: Nuclear Recoil



Y source: Electron Recoil

Yield = Ionization/Phonon

Very effective Particle ID

N source: Nuclear Recoil



22keVy 88 keV y

85 keV f

63 keV f
22 keV f

Experiment
Monte Carlo



Surface Bulk

Time (us)
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Surface Bulk

Time (us)

Surface

Bulk
292Cf Neutrons




Surface Bulk

Time (us)

Surface

Bulk
292Cf Neutrons

Signal
Region



Calibration
Gammas

~150 Away from Signal Band

-
Surface Plus, vetos:
not muon
Betas not outer charge ring
not multiple detector

Calibration Neutrons
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Energy (keV)



4.4 kg Ge, 1.1 kg Si



Total raw exposure is 612 kg-days

recorded data

some detectors
not analyzed for
WIMP scatters

periods of poor
data quality
removed

612 kg-days raw

|94 kg-days
after signal
region cuts

Data taken from
9/08-3/09:
pbrimarily an

engineering run




Surface Events: 0.6+0.1 Data (we chose this)

: : +0.04 unvetoed
Cosmogenic Neutrons:  0.04%0  vetoed x ( o
Data Monte Carlo
Radiogenic Neutrons: ~ 0.057 ‘3% Materials g Monte

Testing Carlo



[rue lonization Yield

Recoil Energy (keV)

Normalized lonization Yield (o)

Normalized Timing Parameter (us)



[rue lonization Yield

Normalized lonization Yield (o)

Recoil Energy (keV) Normalized Timing Parameter (us)

150 events in the NR band fail the timing cut, consistency checks deemed ok



[rue lonization Yield

Recoil Energy (keV)

Normalized lonization Yield (o)

Normalized Timing Parameter (us)



[rue lonization Yield

Candidate 1
Tower 1, det 5 (T125)
Oct 27, 2007

Candidate 2

S~ Tower 3, det 4 (T324)
Aug 5, 2007

Recoil Energy (keV)

Normalized lonization Yield (o)

Normalized Timing Parameter (us)






Tower |,det 5

Candidate |
Oct 27,2007

Tower 3, det 4

Candidate 2
Aug 5, 2007

What can we say
post-unblinding?



What can we say

Tower |, det 5 post-unblinding?

\g!

Candidate |
Oct 27,2007 muon veto performance

charge trapping rates
KS tests of distributions
noise levels

pre-pulse baselines

Tower 3, det 4 .
electron recoil rates

surface event rates

radial position

single-scatter identification
Candidate 2 special running conditions
Aug 5,2007 operator recorded issues




Surface Events:

Cosmogenic Neutrons:

Radiogenic Neutrons:

-
Unnoticed

systematic at
Jow energies.

J

0.04735  vetoed x |

Data

0.057 0% Materials
Testing

- 0.02

Data (we chose this)

unvetoed
vetoed

Monte Carlo

Monte
Carlo



Surface Events: 0.82 772 (stat) 53 (syst) Data (we ended with this)

: : +0.04 unvetoed
Cosmogenic Neutrons:  0.04%0:  vetoed x ( o
Data Monte Carlo
Radiogenic Neutrons: ~ 0.057 ‘%> Materials g Monte
Testing Carlo

Probability of 2 or more leakage events : ~23%



WIMP-Nucleon a5 (cm?)

Mass (GeV/c?)

2008 Result
at 70 GeV: 7.0 x 104 cm?

2010 Result
at 70 GeV: 3.8 x 104 cm?



SuperCDMS phases - Moore’s Law if zero bkgd

&
4 kg " < CDMSII Dec 2009
15 kg
150 kg

o

See e.g. ‘Background Penalty Factor’, Scott Dodelson arXiv 0812.0787v2 Geonpm



® Qutlook for the future











