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The Dark Matter Problem
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Composition of the Universe

Dark Matter
(Cold, Non-Baryonic)
~ 23%
Dark Energy
~73%

Standard Model
~ 4%
Top Quarks ~e ™
Neutrinos ~10*

42

* There are many mysteries in this
era of precision cosmology

6/1/2011 Fermilab Users' Meeting 2011




Direct Detection of Dark Matter

e Searching for WIMP-Nucleus elastic scattering
* |n a sea of background radiation

— Low background frontier
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COUPP Bubble Chamber Program

* Take long runs with smaller chambers to understand
backgrounds, operations, and for research and development

while developing and commissioning an order of magnitude
larger chamber

Test tube
(U Chicago)
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COUPP 2kg

COUPP 4kg

Fermilab Users' Meeting 2011 COUPP 60kg 10



COUPP

University of Chicago

Indiana University South Bend
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Fermi National Accelerator Laboratory

S\[e]W:Y= S

MINING FOR KNOWLEDGE|
CREUSER POUR TROUVER... L’EXCELLENCE

Fermilab Users' Meeting 2011 11



Darkside-50

Log(82/81) vs F90
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e Succesful operation of 10 kg prototype
* Prototype shipping to Laboratori Nazionali del Gran Sasso
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Darkside-50

Augustana College

IHEP Beijing

Black Hills State University

University of California, Los Angeles

JINR Dubna

Fermilab

INFN and Universita degli Studi Genova
INFN Laboratori Nazionali del Gran Sasso
University of Houston
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RRC Kurchatov Institute

University of Massachusetts at Amherst
INFN and Universita degli Studi Milano
INFN and Universita degli Studi Napoli
INFN and Universita degli Studi Perugia
Princeton University

St. Petersburg Nuclear Physics Institute
Temple University
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Five Towers (30 ZIPS)

Operated from 2006-
2009
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o The Cryogenic Dark Matter Search

CaliforniaInstitute of Technology
Case Western Reserve University
Fermi National Accelerator Laboratory
Massachusetts Institute of Technology
NIST *

Queen’s University*

Santa Clara University

Southern Methodist University*
SLAC/KIPAC *

Stanford University

Syracuse University

Texas A&M

University of California, Berkeley
University of California, Santa Barbara
University of Colorado Denver
University of Florida

University of Minnesota

University of Zurich

20 institutions, 35 Faculty, Scientists and Engineers, 70 Students and Postdocs

* new collaborators or new institutions in SuperCDMS
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ZIP Detectors el
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IZIP - R&D

3" diameter x 3” diameter x 4" diameter x
0.4” thick 17 thick | . 8 1.3” thick
CDMS-II SuperCDMS SuperCDMS

Soudan SNOLAB
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Shielding/Radiopurity

2000 m.w.e. (0.5 mile) rock overburden
Plastic scintillator active veto

20 cm lead

50 cm polyethylene

Copper cryostat

1 mm silicon endcaps

Gaps between detectors minimized
Rigorous cleanliness
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CDMS-Il WIMP Limits

—
I Eliis 2005 LEEST
Roszhowski 2007 (95%: )
A WaRrP 2006
¢ ZEPLIN II 2007
%  ZEPLIN III 2008
+ EDELWEISS 2009
- = = XENON10 2007
= = CDMS Soudan 2008
s CDMS 2009 Ge
e CDMS Soudan (All) Sensitivity curve based on revised

Expected Sensitivity A
bg estimate:
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Ahmed et al. Science 327, 1619 (2010)
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Current State of the Hunt
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Light Dark Matter

Recent results from
DAMA/LIBRA, CoGeNT and
others have been interpreted as
possible evidence for elastic
scatters from WIMPs with m, ~7
GeV and 0,~1x10%9 cm?

Previous CDMS Ge results not
sensitive to these models since
thresholds were ~10 keV (to
maintain expected backgrounds
<1 event)
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New analysis strongly constrains
a WIMP interpretation of the WIMP mass (GeV/c?)

CoGeNT spectrum Ahmed et al., PRL 106, 131302 (2011), arXiv:1011.2482
Akerib et al., PRD 82, 122004 (2010), arXiv:1010.4290
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CDMS Luke amplification

CDMS Prehmlnary
14 hours

* Signal gain of 22 with ~50% increase in noise
* 50 eV threshold in Soudan (12 eh pairs)
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Summary

e Fermilab and its users are involved in the
search for WIMP dark matter

e Sensitivity to weakly interacting massive
particles is rapidly increasing (~order of
magnitude every 3 years) with a variety of
experimental techniques

e CDMS is a leader in the search for WIMPs

 We could be on the verge of discovering the
nature of the dark matter
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Backup
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Aalseth et al., arXiv:1002.4703
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Light Dark Matter

e Recent results from DAMA/LIBRA, CoGeNT and others have
been interpreted as possible evidence for elastic scatters from
WIMPs with m,~7 GeV and o,~1x10° cm?

* Previous CDMS Ge results not sensitive to these models since
thresholds were ~10 keV (to maintain expected backgrounds
<1 event)

* Can lower thresholds significantly at cost of higher
backgrounds
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Low Energy Events in CDMS

* At low energies the discrimination between
nuclear and electron recoil worsens
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Luke Amplification
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Luke Amplification

Exponential is the most
generic spectrum,
especially near the
electronic noise of
detectors

Good signal to noise is an
important ingredient for
understanding a dark
matter signal

6/1/2011

Ama¥
99.54 keV

Channel number
P.N. Luke et al., NIM A289, 406 (1990)
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CoGeNT Annual Modulation

e The situation has become even
more interesting

e The CoGeNT collaboration
reported a posible annual

modulation signal at the April APS
meeting

e 2.8 sigma significance
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SuperCDMS Technology Breakthrough

New symmetric detectors (iZIP) have demonstrated a background
rejection improvement of more than an order of magnitude (ton
scale CDMS style experiment now feasible)

* Trial run in Soudan facility with a 10 kg payload (X5 sensitivity)
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SuperCDMS Delay

* 10 kg experiment starts
August

* |mpact minimal but
some enginering work
delayed
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Low threshold sensitivity

* Low threshold sensitivity is limited by
oackgrounds

* Understanding the backgrounds is now the
way to make progress with CDMS

e ~2 months of data taken with high voltage (14
hours shown here)

* Few days of Germanium data taken
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CDMS Phonon Non-Linearity
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e CDMS-II Detectors can have strong non-
linearity above ~few 100s keV
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SuperCDMS Phonon Linearity

ST1Z4 ionization vs heat
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* New SuperCDMS detectors exhibit much
better linearity
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SuperCDMS Luke Amplification
Advantages

* Better linearity

* Germanium has
low energy lines for
calibration

e 2.5X Thicker = 2.5X
less E

— Field emission at
higher V

— Breakdown at
higher V
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Likelihood Analysis

 Comparing nuclear scatters from neutron calibrations
to surface electron scatters from gamma calibrations

e Likelihoods constructed only for the detectors that
recorded the candidate events

3 independent methods constructing the likelihood
distributions

— Use of variety of methods helps check technique
dependent systematic errors

— Binned/Unbinned
— Distribution fitting/no fitting
— 2D (yield, timing) / 3D (yield, timing, energy)

6/1/2011 Fermilab Users' Meeting 2011
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Likelihood Results
(over entire distribution)

Event Unbinned 3D 2D with fit 2D no fits
24 +/-5 % 12 +/- 2 % 12 +/-2 %

4+/-2% 5+/-1% 5+/-1%
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Likelihood Results
(in the acceptance region)

Event | Unbinned 3D | 2D with fit | Unbinned 2D no fit

Event Unbinned 3D 2D with fit
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Likelihood Summary

* The results verify the initial calculation that
the probability of observing two surface
backgrounds appearing as nuclear recoil like is
low, but not significantly low

* The results encourage suspicion that the
observed events are due to surface electron
scatters, especially event 1
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SuperCDMS Soudan
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CDMS Conclusions

e CDMS-II operations complete

— Limits on direct WIMP-nucleon scattering at the level of 7 x
1044 cm? at 70 GeV WIMP mass

e Two events observed

— Consistent with 0.9 events expected from known
backgrounds

— Neither are golden events
* Likelihood encourages suspicion about one event
e Event reconstruction encourages suspicion about the other event

— No obvious errors to exclude either event
e The search continues with more massive detectors
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The Collaboration
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