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No Big Bang
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Heavy Elements:
0.03%

Neutrinos:
0.3%

Free Hydrogen
and Helium:
4%

Dark Matter : 25%

Dark Energy:
70%
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WIMPs in the Halo

isothermal Maxwell-Boltzmann distribution:

Escape velocity=680 Km/s

V=230 Km/s
p=0.3 GeV/cm3

Rate ™~ N n, <Gx>




WIMPs and Neutrons
scatter from the

Atomic NucléUs

Photons and Electrons
scatter from the
Atomic Electrons

image by Mike Attisha - Brown University




WIMPs in the Halo

isothermal Maxwell-Boltzmann distribution:

Escape velocity=680 Km/s

V=230 Km/s
p=0.3 GeV/cm3

Rate ™~ N n, <Gx>




Backgrounds, Backgrounds and again Backgrounds

e Search sensitivity (low energy region <<100 keV)

e Activity of typical Human

e Environmental Gamma Activity in unshielded detector

An event-by-event discrimination based
on Nuclear versus Electron recoil is
therefore inevitable!




Event-by-event

ZEPLIN Il and beyond
XENON10
ArDM, WARP

ZEPLIN |
XMASS DEAP
CLEAN



Measure recoil energy via Lattice
vibrations (phonons) in Ge or Si

Measure the lonization

lonizing power (lonization yield:Y)

Yelectron-recoil> Y
* Event-by-event discrimination

nuclear-recoil

Near surface events

* Electron recoil but poor charge
collection

* Near geometrical boundaries

lonization Ener

gy/Recoil Energy [keV/keV]

e

Recoil Energy [keV]




Evolution phonons

on(E,r,t)

= D(E)V’n(E,r,t) - {AESn(E) - AE'SP(E’,E)n(E’)dE’)}

A) After =10 us scattering rates very low:
Ballistic Energy transport

B) For t< 10us phonons spectrum changes
rapidly

Energie (K)
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Temps (s)
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ZIPs , Timing Parameters and:
Identification of the near surface events

>

il

=
D
>
=
2
g
=
=
—
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Reject 99.9998% of Gammas, 99.8% of surface events




Important progress based on the previous runs:
Better timing rejection, Better phonon sensor tuning
Better background and background rejection

4. 5 kg Ge
[ s ]
[ sz ]

Cross-section [cmzl (normalised to nucleon)

http://dmtools.brown.eduf
Gaitskell Mandic Filippinj

WIMP Mass [GeV/c’]
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CDMSII run 125-128

(This presentation)




WIMP Search Exposure

4 runs separated by partial warm-ups of cryostat
Dates of data taking: 7/2007 - 9/2008

Total raw ex!oosure is 61:2 kg-days | recorded WS data

some detectors
not analyzed for
WS scatters

periods of poor
data quality
removed

2008 result Data taken from

| | | | irem
2008/10/21  2007/03/12  2007/07/31  2007/12/20 _ 2008/05/10  2008/09/29  [adihsalakiiis
an engineering run




Calibration (1)

177

625429

10,34+ 0.01

0.2999 + 0.0099

Background/bin 6.794 + 1.708
Background Slope -0.5627 + 0.3022
Background Curve0.01928 + 0.01251

Fit to 10.4 Ge activation line det T3Z4

12 14 16 18 20
qi [keV]

57356

372+ 7.0

Mean 35531 0.0
o 2116+ 0.037
Background/bin 2090 + 45.6
Background Slope  -5.706 + 0.127
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Calibration (2)

cf data, det 405 cf data, det 424

lonization yield
lonization yield
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Silicon

ctdat, dec 402 eda, der a2z
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Analysis Steps

Blind analysis:

Data quality cuts
Physics cuts:

e\/eto coincident

eSingle scatter

*Q,, ., (fiducial volume) cut
ePhonon timing

Quality

Nuclear recoil
— Fiducial volume
— Phonon timing

Ionization Yield
S
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Efficiency
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expected background




Surface Event Background

133Ba provides surface events for tuning the surface event rejection cut.

— Ba Surface Events
— Cf Neutrons
----- Timing Cut Position

30
Timing Parameter (us)

— Ba Surface Events
— Cf Neutrons
----- Timing Cut Position

1 l 1 1 1 l
25 30
Timing Parameter (us)




Surface Event “Leakage”

Expected surface leakage =

=
k-
5
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30 40 50 60
Recoil energy (keV) Recoil Energy (keV)




Estimated Neutron Background

0.04
=004 " (stat.) events
-0.03

0.03 - 0.06 events




Expected Limit 907% C.L.
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results




Unblinding

We opened the box on Nov 5t 2009 for 14 Ge ZIP detectors

region masked
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Unblinding

We opened the box on Nov 5t 2009 for 14 Ge ZIP detectors

region masked

Lift mask saw 150
Singles failing timing
cuts: Consistency deemed OK
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Unblinding

We opened the box on Nov 5t 2009 for 14 Ge ZIP detectors

region masked

Lift mask saw 150
Singles failing timing
cuts: Consistency deemed OK
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CDMS |l Results
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Inelastic Dark Matter

CDMS
disfavors a
significant
portion of
the DAMA/
LIBRA

10°
WIMP mass [GeV/c?]




What about the 2 events?
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Anything wrong with the data quality
we could have missed?




Reconstruction Checks (T3Z74 event)

Candidate 2 (on det T3Z4) phonon chan A

phonon chan B
phonon chan C

inner ionization

outer inonization

fitted |start
time

1600 1800 2000




0.8 + 0.1(stat.) 4 0.2(syst.)
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the future




SuperCDMS Soudan 15kg

eNew 1 inch thick detectors : 0.64 kg
eimproved phonon readout geometry
*2.5 x bulk/surface
eStudied at the CDMS TF
eSuperTower: 5 x 1 inch detectors + 2 x 1 cm veto detectors

eSuperCDMS 5 ST: Approved
*ST1 installed at Soudan March 2009: Cold and running

eSummer 2010 install 4 more STs and run for 3 years: ~8000 kg-d
*Goal: 0 ~ 5x10%° cm?




SuperCDMS future
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IZIP

*Interleaved electrodes (1 mm pitch) on both
sides

* Alternating +2 V & ground (phonon
sensors) on one side -2Volts & ground on the
other side.

*Transverse E field ~ 20 V/cm on the surface
*Near surface events: lonization appears only
on one side

*Bulk events: equal but opposite signal on
both sides.

*Athermal Phonon sensors cover both sides:
relative timing/amplitude to identify near
surface events




Prototyoe 1 inch iZIP:

® Fabricated at Stanford
®Studied at UC-Berkeley with 1%°Cd (Near surface electrons), *>°Ba (Bulk'y’s) and
222 (% (HEmeutrons) Calibratighisourées




Better ionization yield performance
for surface events: Before any cuts

h side: Corrected Yields for Cd only run

lonization symmetry/asymmetry

Charge symmetry cut for e side
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Conclusions

®\We have reported 2 events from our blind analysis. Obtaining 2 or more event given our
estimated background has a probability of 23%.

®As a result of this blind analysis we are reporting the world leading limit on SI WIMP-
nucleon cross section 0=3.8x1044 cm?*

® Not a statistically significant to claim a signal (we would have needed = 5 events).

® At this stage of the analysis we can not exclude that these events are WIMP signals..

®The detailed information provided by our detectors may allow us to sharpen our
interpretation. Stay tuned!

®\We are deploying 15kg in Soudan by summer 2010 and preparing for SuperCDMS SNOIlab
with 100 kg detectors. iZIP technology is very promising in terms of back ground rejection.

®Other experiments with low background and different systematics are needed to confirm
an eventual signal: watch for XENON 100, LUX EDELWEISS
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