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*WMPs and their detection

* Wr ki ngs of CDVS

®*First 5-Tower anal ysis

®The future at the
zept obarn scal e



The Milssing Mass

cbserved ] ¢

74% Dark Energy

22% Dark
o \ Matter

NASA/WMAP Science Team 2006
VFPC2

But what 1s this stuff?




The Strength of WIMPs
Cosmology Particle Physics
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Direct Detection of
WIMPSs

Crossing symmetry =>
detectability?

WiMPs and Meutrons
scatter from the
Atomic Mucl#ilis j s Y Ir-'

Vgalactic~1073c => coherent A?
enhancement of scalar (spin-
independent) scattering I\

Log (event rate)

Exponenti al spectrum of
<E>~30 keV nucl ear
recoi l s, <<1/kg-day

Recoil energy
Simple “spherical cow‘
halo: ve=270 km/s,

Vesc:65o km/S : ) . ]
Al so: diurnal direction nodul ati on,

annual spectrum nodul ati on



Detection

* Very | ow energy
thresholds (~10 keV)

*Rigid background contr ol
(cosmogenic, radioactive)
® Cleanliness
®* Shielding (passive
active)
® Discrimination power

* Substantial depth
® Neutrons (muon induced,
etc.) look like WIMPs

eLarge exposures (large
masses, long-term stability)

Challenges

Exponent i al
<E>~30 keV nucl ear
recoils, <<1/kg-day

spect rum of
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Big Picture
\

CDMS: The

Use a combination of discrimnati on

and shielding to maintain a
search for nucl ear

with | ow tenperat ure semiconductor
detectors

recol l s

Di scrim nation
®* Phonons
Sl cneiaanasnesasilite
® pulse shape

® Tonization

* dE/dx discrimilceticn
Ephonon

A

Echarg

A 4

Shi el di ng
® Passive (Pb, poly,

dept h)

® Active (muon veto
shield)




w8 The CDMS Collaboratio

Brown University Syracuse University (S @@
M. Attisha, R. Gaitskell R. Schnee \/ &/
Caltech University of California,
Z. Ahmed, S. Golwala, D. Moore Berkeley _‘
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D. Bauer, F. DeJongh, J. Hall, D. Holmgren, E.
Ramberg, R. Schmitt, J. Y 00 gérlijtérr\ker, D. Caldwell, R. Mahapatra, H. Nelson, J.
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University of Colorado at Denver




/1P Detectors

(Z-sensitive lonization and
Phonon)

Phonon side: 4
quadrants of athermal
phonon sensors
=> ener gy neasurenent

Charge side: 2
concentric




/1P Detectors:
Tonlization
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Essentially complete collection
at 3V/cm (after trap
~15% neutralization)

Low—-nolise JFET amp at 140 K:
Zero—ener resolution ~250
~85% b

eV(~3 keV @ 511 keV)
Fi duci al vol une cut from
divided electrode
(“guard ring”)



/1P Detectors:

Phonons
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ungscen
Transition
Edge Sensor

4 SQUID readout

channels, each 1036
Al Collector W TESs 1n parallel

W Transition-
Edge Sensor

o o /ero—enerqgy

resolution ~100 eV
phonons in each channel,
Fast response: ~5 us

total ~3% at higher
risetime energles (after

position correction)



Yield
Discrimination

SN Primary
Hfga electron
Tl recoil
i le et Rt

Q >10, 000: 1

Erecoil
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Good agreement
with Lindhard
theory

Recoil Energy (keV)

Distinguishable (@
~3 keV



Near—-Surface Events

Reduced charge yield from
surface events (e.g. K-40,
Rn chain) from carrier
back-diffusion can mimic
signal

1§22 keV © 88 keV ©:..

t‘; .

Greatly improved by oSi
contact (Shutt et al.),

Experiment still dom nant background
- MonteCarlo for CDMS
40 60 -3V

Recoil Energy

~10um “o'leao'lI .

layer” h* h* h' e e
Data from UC Ber keley | .
cali bration of T2Z5, née . ool
G31
V. Mandic et al., NIM A 520, e e e
171 (2004) U




/1P Detectors: 4Z-
sensitivity

-3V

ﬁOpm “dead layer”
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Primary delay

Surface event
rejection > 100:1 200" 400
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Soudan Underground Lab

e il

2090 m.w.e.
1 4 / minute

/ Boulby (UK) )
/ Gran Sasso (ltaly)
- Frejus (France))

Baksan (Russia).
Mont Blanc (France)

—Sudbury (Canada)
=— Kolar (India)
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0 2000 4000 6000 8000 10000’
Depth (meters water equivalent)




Soudan Installation

vacuum-sealed electronic
connector box (“E-box”)

Plastic scintillator

RF shielded

Oxford
class 10,000 e i pemns _
clean room 400pW 3 |
diion 1 m> (440 mK!
refrigerator

outer

polyethylene

~0.05 unvetoed neutrons
per kg-y (Monte Carlo)

inner
polyethylene



FF1ve Tower Runs (20006-8)

30 ZIPs (5 Towers)
installed 1n Soudan 1cebox:
4.75 kg Ge, 1.1 kg S1

Side View

Significant improvements in new
detectors:

®* Grounded outer grid eliminates
low-yield events from detector-
detector crosstalk

* Somewhat reduced surface
contam nation (vs. T2)

* SHI Gifford-McMahon cryocool er
for improved LHe hold time




Tower & detector wiring
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FFive Tower Status

>1000 kg-d r aw

Calendar day : 400.8 Days [~

CDMS Live day : 279.9 Days | ...

Side View

01/16 04/16 07/17 10/16 Four successful data runs so far,
(all exposures before cuts):

Ba Calib : 128135.8 K
cf calib - 1642.8 K
WIMP Search : 7112.0 K

| == = ¢« Run 123 (210ct06-21Mar07): 430 kg-d Ge
20x cal i brati on

* Run 124 (202pr07-16Jul07): 224 kg-d Ge

8
:
é
:

* Run 125 (21Jul07-09Jan08): 465 kg-d Ge

01/16 04/16 07/17 10/16 01/15

* Run 126 (17Jan08-date): ongoi ng

>10x the 2-Tower exposure so far!

Weekly E£f. (]

70% |1 veti

01/16 04/16 07/17 10/16 01/15
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First 5-Tower Analysis

Blind analysis (2007)

*Data processing
*Position correction
eCalibration

*Data quality cuts
*Periods of poor noise,
neutralization
*Malformed detector regions
*Reconstruction failures

*\/eto-anticoincidence cut
*Single-scatter cut

*Qinner (fiducial volume) cut
*|onization yield cut
*Phonon timing cut
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owmyield singles masked

40 60
Recoil energy (keV)




FFive Tower Yield Bands
Run 123 Neutron Calibration
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R297, Bulk and Surface eventis sensor D

Surface event
ti1on

Surface Event —— Bulk (Er = 120keV, Y¥=1)

. ) —— Bulk (Er = 22keV, Y=1)
[Bycteagipcol

N\ Cu
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Phonon Delay

Simple timing cut rejects
surface electron recoils ~200:1

Discrimination cut chosen for
~0.5 event at required exposure I |

0 15 pd 25 an
Delay + RiseTime in ps




Bl1nd Analysils Summary

*\/eto-anticoincidence cut Surface background
*Single-scatter cut Leakage computation based on
.Qinner (fiducial volume) cut signal region multiple
*|onization yield cut scatters

-7 0.6 £ 0.5 (stat.)
*Phonon timing cut

_ _ _ Further estinates with better
- Quality, Singles, Vetol| stats, separate treatnent of

= = Fiducial volume |
= = = Nuclear recoil band | f aces.

=== Phonon timing
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Neut r on backgr ound
Poly, Cu (a,n): <0.03
Pb (fission): <0.1
Cosmogenic: <0.1 (MC 0.03-
0.05)
8 vetoed neutron nmultiples

121 kg—-d WIMP geen o
eqUiV. @ 60 vet oed sl ngl es seen
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Opening the Box

Box opened Monday, February 4 for 15 Ge ZI Ps
Remaining 8 Si and 1 Ge undergoing further
leakage characterization

30 region masked
=> Hide unvetoed
singles

Lift the mask,
see 97 singles
failing timing

cut v Nuclear recoil

Surfage:.
- O - 2 T A
Apply the timing e TRy T

cut, count the 0 = - - =
i Ph isetime + del f t
candidates onon risetime + delay (us from cut)
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NO events
observed



Current WIMP ILLimits

Strongest S1
limits above

~ MZ / 2 B itz Gondolo 2004
4 [ | Roszkowski et al. 2007 95% CL
[ Roszkowski et al. 2007 68% CL
[0 EDELWEISS 2005
LN WARP 2006
ZEPLIN 11 2007
= = CDMS II 1T+2T Ge Reanalysis
XENON10 2007
— (DMS 1L 2008 Ge
s ()M I Ge combined

>72x data 1n
hand, run
continues!

Ongoing
detector
characterizati
on and

Preprint at:
Ohttp://cdms.berkeley.edu
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http://cdms.berkeley.edu

What’s Next?: SuperCDMS

25 kg experiment to explore the
zeptobarn scale, funded by NSF/DOE ,
I Bl Gondolo 2004

to run two SuperTowers at Soudan, R - o—p——ib
then move to SNOLAB

[a—
[

L\ WARP 2006
ZEPLIN 11 2007
XENONIO 2007
— (DMS 1 Ge combined
= = = CDMS Il 2008 proj.
= = = SuperlUDMS SNOLAB proj.
* ==

[cm’]

10n

-

e 7 SuperTowers of thick Ge ZIPs
* Improved surface handling

* Improved analysis (some already
in hand!)

* Improved detector performance
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http://dmtools.berkeley.edu

SuperCDMS Z1IPs

. 2R

2.5x detector mass
600qg)

(7.6 cm x 2.54 cm,

vol une/ surface, faster
Single mask lithography

=> nore reliable manufacture

=> better

manuf act ur e

less testing



Paths to Large Crystals

Dislocation—-Free Ge
(Berkeley - Feb. 2008)

Dislocation Free Ge Crystal
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* 3cm x lcm sample of H-grown
dislocation-free Ge (E.E. Haller)

® Unusable Q@77K, but excellent
charge collection at <100mK

e Avail able in >6” diameters
(standard detector grade Ge limted
to 3-4")

Kinetic Inductance
(Berkeley/Caltech - ongoing)

* Promising tests of kinetic
inductance detectors (KIDs) for
large phonon readout

* Frequency-domalin multiplexing,
ease of manufacture

eSuperconductor:

m
2
L
@
=z
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o

3xlcm: 2500 (CDMS
)

67%2": 5kg?



WIMPs at a
/eptobarn

* Natural weak
scale from
light SUSY

*G-2 favored,

*Natural weak Coanni hil ati o
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scale from RGE n Tail

focusing * Near-

®* Decoupled degeneracy

scalars => low between LSP

FCNCs and NLSP
Crossing “Spectral
symmetry! colncidenc

es”

WIMP mass [GeV/c?]

B. Sadoulet, Science 315, p. 61
(2007)
Plot: JF; CMSSM scans w t h Dar kSUSY

4.1
“Zeptobarn-class” direct detection has substantial

discovery potential and complementarity with the LHC




WIMP
olementa

,=pya;.g-4*.“ =
FAve there new &o
| 0 charged/colored

particles af~the TeV
ale?

-

Are WI
and annihilation

related?

Are the main WIMP
annihilation processes
active todavy?




Conclusions

CDMS has maintained Y“zero background”
operation down to 4.6x107% cm? (46
zeptobarn)

(preprint at arXi v:0802. 3530)

The 5-Tower run of CDMS II 1is
ongoing, pushing to 107%* cm? (10
zeptobarn)

SuperCDMS under development for
background-free operation at the
zeptobarn scale

The next few years will be an
exciting time for WIMP dark matter!
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