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Standard CosmologyStandard Cosmology
Supernova

Cosmology Project

NASA/WMAP Science Team  2006



Evidence for Dark MatterEvidence for Dark Matter
Gravitational

Lensing

Spiral galaxy
rotation curves



Big Bang Big Bang NucleosynthesisNucleosynthesis  ––
non-baryonic dark matternon-baryonic dark matter

 Big Bang Big Bang NucleosynthesisNucleosynthesis
 Constrain baryonConstrain baryon

density based ondensity based on
relative abundance ofrelative abundance of
light elements from hotlight elements from hot
big bangbig bang

 One-parameter model:One-parameter model:
baryon densitybaryon density

 Best constraint: D/H inBest constraint: D/H in
primordial gas cloudsprimordial gas clouds
((BurlesBurles &  & TytlerTytler))
ΩBaryons = 0.05 ± 0.005
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 Annihilation stops whenAnnihilation stops when
number density drops tonumber density drops to
the point thatthe point that  annihilationannihilation
too slow to keep up withtoo slow to keep up with
Hubble expansionHubble expansion

 Leaves a relic abundance:Leaves a relic abundance:
      Ωχh

2 ≈ 10-27 cm3 s-1 / 〈σA v 〉fr

if mχ and σA determined by physics
at electroweak scale, then Ωχ ~

0.3

WWeaklyeakly  IInteractingnteracting  MMassiveassive
PParticlearticless  ((WIMPsWIMPs))

Production
suppressed ( T<mχ )

Being
produced and
annihilating

( T≥mχ )

Freeze out

~exp(-
m/T)



WIMPsWIMPs in the Galactic Halo in the Galactic Halo

WIMPsWIMPs  –– the source of the source of
Mass in the RotationMass in the Rotation

Curves?Curves?

Scatter from a NucleusScatter from a Nucleus
in a Terrestrialin a Terrestrial

Particle DetectorParticle Detector

halo

bulge

disk
sun

The Milky Way

WIMP detector

energy transferred appears in 
‘wake’ of recoiling nucleus

WIMP-Nucleus Scattering

Ge



WIMP Direct Detection ChallengesWIMP Direct Detection Challenges

 Weakly interactingWeakly interacting
 Low recoil energies ~ 10 Low recoil energies ~ 10 keVkeV

 Low event energy thresholdsLow event energy thresholds
 Rates less than 0.01 events per day in aRates less than 0.01 events per day in a

kilogram detectorkilogram detector
 Large massesLarge masses
 Long term stabilityLong term stability

 Backgrounds much higher than event rateBackgrounds much higher than event rate
 Background control (cleanliness, shielding Background control (cleanliness, shielding ……))
 Underground site (reduce Underground site (reduce muonmuon induced neutrons) induced neutrons)
 Electron / Nuclear recoil event discriminationElectron / Nuclear recoil event discrimination



WIMP Direct Detection TechniquesWIMP Direct Detection Techniques

ScintillationScintillation

IonizationIonization
Heat /Heat /

AthermalAthermal
PhononsPhonons

DAMA/NaI, ZEPLIN I, CLEAN, KIMS

XENON, LUX, WARP,
ArDM, ZEPLIN II + III

First generation experiments, TEXONO

CDMS, Edelweiss

CRESST, ROSEBUD

~100 eV / photon

~10 meV / phonon
CRYOGENIC

~10 eV / carrier pair

(non-cryo: PICASSO, COUPP, SIMPLE)



CDMS in a nutshellCDMS in a nutshell

Use a combination of Use a combination of discriminationdiscrimination and  and shieldingshielding
to maintain a to maintain a ““zero backgroundzero background”” experiment with experiment with

low temperaturelow temperature  semiconductor detectorssemiconductor detectors

Discrimination
• Phonons

• energy measure
• pulse shape

• Ionization
• dE/dx discrimination

Shielding
• Passive (Pb, poly, depth)
• Active (muon veto shield)
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Soudan Underground LabSoudan Underground Lab
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Soudan InstallationSoudan Installation

outer
polyethylene

lead

ancient
lead

inner
polyethylene

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

detector cold volume (“icebox”)

Oxford
Instruments
400µW
dilution
refrigerator

1 ft3 @40 mK!

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

Plastic scintillator

RF shielded class
10,000 clean room



ZIP DetectorsZIP Detectors

3” (7.6 cm)

1 cm Ge: 250 g

Phonon side: 4 quadrants
of athermal phonon sensors
=> energy measurement

Charge side: 2 concentric
electrodes

(Z-sensitive Ionization and Phonon)

Operated at ~40 milliKelvin for good
phonon signal-to-noise



Anatomy of an eventAnatomy of an event

h+

e-

-3V

0V

Hot charge carriers  (3eV/pair)

Quasi-diffusive THz phonons

Ballistic low-frequency phonons

Ballistic Neganov-Luke phonons

Q inner
Q outer

Sensor A
Sensor B
Sensor C
Sensor D



ZZIIP Detectors: P Detectors: IIonizationonization

Essentially complete collection at
3V/cm (after trap neutralization)

Low-noise JFET amp at 140 K: Zero-
energy resolution ~250 eV(~3 keV
@ 511 keV)

Q inner
Q outer

~85%

~15%

Fiducial volume cut from
divided electrode (“guard ring”)



ZIZIPP Detectors:  Detectors: PPhononshonons

4 SQUID readout channels,
each 1036 W TESs in parallel

Zero-energy resolution ~100
eV in each channel, total
~5% at higher energies (after
position correction)

Al Collector W Transition-
Edge Sensor

Ge

quasiparticle
diffusion

phonons

RTES
(Ω)

4

3

2

1

T (mK)Tc ~ 80mK

~ 10mK

250x1μm
W TES

380x60μm
Al fins

≈

Tungsten
Transition Edge
Sensor (TES)

Fast response: ~5 μs risetime



Ionization YieldIonization Yield
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Ionization YieldIonization Yield

 Reject bulk electron recoils using ionization yieldReject bulk electron recoils using ionization yield
 Better than 10,000:1 rejectionBetter than 10,000:1 rejection
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d

Recoil Energy [keV]

Photons from external source

Neutrons from
external source

Density Plot with 50,000 events

Ionization Yield     Ionization / recoil energy



Near-Surface EventsNear-Surface Events

~10μm
“dead layer”

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

Greatly improved by aSi contact (Shutt
et al.), still dominant background
for CDMSExperiment

Monte Carlo

85 keV
63 keV

22 keV

88 keV22 keV

Data from UC Berkeley calibration of
T2Z5, née G31

V. Mandic et al., NIM A 520, 171 (2004)



ZZIP Detectors: IP Detectors: ZZ-sensitivity-sensitivity

• Primary risetime
(time from 10% - 40% in phonon amplitude
for largest pulse)

• Primary delay
(time from 20% charge amplitude to 20%
phonon amplitude for largest pulse)

~10μm “dead layer”

Surface
Bulk



Phonon TimingPhonon Timing
 Faster phonon signalsFaster phonon signals

from surface eventsfrom surface events
(more ballistic phonons)(more ballistic phonons)

 Rejects surface electronRejects surface electron
recoils >200:1 usingrecoils >200:1 using
phonon timingphonon timing

Surface
Bulk



Discrimination:Discrimination:
Ionization Yield & Phonon TimingIonization Yield & Phonon Timing

 Ionization YieldIonization Yield
 Ionization / recoil energyIonization / recoil energy
 Reject bulk electronReject bulk electron

recoilsrecoils
 Better than 10,000:1Better than 10,000:1

rejectionrejection

 Phonon TimingPhonon Timing
 Faster phonon signalsFaster phonon signals

from surface eventsfrom surface events
(more ballistic phonons)(more ballistic phonons)

 Rejects surface electronRejects surface electron
recoils >200:1recoils >200:1

Calibration Data
Bulk Electron Recoils

(background)

Surface Electron Recoils
(background)

Nuclear Recoils (signal)



NeutralizationNeutralization

 BulkBulk
chargecharge
trappingtrapping
by latticeby lattice
impuritiesimpurities

 ““NeutralizeNeutralize”” these these
impurities to maintain fullimpurities to maintain full
charge collectioncharge collection
 LED photonsLED photons
 Energetic particles (eitherEnergetic particles (either

from radioactive sources orfrom radioactive sources or
surface backgrounds)surface backgrounds)
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time time
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NeutralizationNeutralization

Neutral
izat

ion loss
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time (hours)

Automatic
LED flash
to clear
charge
traps in
detectors

Quantitative neutralization
monitoring based on R119 (2-
Tower) experience

Run 119 “candidate”

Ba calibration for
comparison



ZIP TowerZIP Tower
SQUET card

ZIP Tower

Detectors

FET

SQUID



First Five Tower Runs (2006-7)First Five Tower Runs (2006-7)

 30 30 ZIPsZIPs (5 Towers) in (5 Towers) in
SoudanSoudan icebox: icebox:
4.75 kg 4.75 kg GeGe, 1.1 kg , 1.1 kg SiSi

First two runs analyzed:First two runs analyzed:
 Run 123 Run 123 (21Oct06 (21Oct06 –– 21Mar07 21Mar07):):
~108 live days (430 kg-d ~108 live days (430 kg-d GeGe raw) raw)

 Run 124 (Run 124 (20Apr07 20Apr07 –– 16Jul07 16Jul07):):
~56 live days (224 kg-d ~56 live days (224 kg-d GeGe raw) raw)





Analysis CutsAnalysis Cuts

 Blind analysisBlind analysis
 Data QualityData Quality
 PhysicsPhysics

 Veto-anticoincidenceVeto-anticoincidence
 Single-scatterSingle-scatter
 QinnerQinner ( (fiducialfiducial

volume)volume)
 Ionization yieldIonization yield
 Phonon timingPhonon timing

muon

Q outer

Q inner



The WIMP Search Data:The WIMP Search Data:
Blind Blind GeGe Analysis Analysis

All cuts set and frozen! Predict 77 ± 15 single scatters in NR

Prior to
Phonon
Timing
Cut



The WIMP Search DataThe WIMP Search Data

97 Singles in Signal  region rejected by Surface Event Cut

Midnight PST, 4th of Feb, 2008

Prior to
Phonon
Timing
Cut



Open The BoxOpen The Box

Expected Background: 0.6 ± 0.5 surface events and < 0.2 neutrons

Midnight PST, 4th of Feb, 2008

0 Observed Events After
Phonon
Timing
Cut



ResultsResults
 Strongest SI limits aboveStrongest SI limits above

44 GeV/c44 GeV/c22

 >2x data in hand and run>2x data in hand and run
continuingcontinuing

 Ongoing detectorOngoing detector
characterization andcharacterization and
analysis optimizationanalysis optimization

Preprint at:

• http://cdms.berkeley.edu

• arXiv:0802.3530 (accepted
for publication in PRL)



CDMS II FutureCDMS II Future
 Six successful data runs soSix successful data runs so

far, first two analyzed far, first two analyzed (all(all
exposures before cuts)exposures before cuts)
 Run 123 (Oct06 Run 123 (Oct06 –– Mar07): Mar07):

430kg-d 430kg-d GeGe
 Run 124 (Apr07 Run 124 (Apr07 –– Jul07): Jul07):

224kg-d 224kg-d GeGe
 Run 125 (Jul07 Run 125 (Jul07 –– Jan08): Jan08):

466kg-d 466kg-d GeGe
 Run 126 (Jan08 Run 126 (Jan08 –– Apr08): Apr08):

273kg-d 273kg-d GeGe
 Run 127 (May08 Run 127 (May08 –– Aug08): Aug08):

220kg-d 220kg-d GeGe
 Run 128 (Aug08 Run 128 (Aug08 –– Sep08): Sep08):

108kg-d 108kg-d GeGe
 >2x the analyzed exposure,>2x the analyzed exposure,

expect ~4x current reachexpect ~4x current reach
by end of 2008 (~10by end of 2008 (~10-44-44 cm cm22))

R128

This Analysis

> 1700 kg-d raw (total)



SuperCDMSSuperCDMS

 Increase MassIncrease Mass
 DecreaseDecrease

BackgroundBackground
LeakageLeakage

RARE EVENT SEARCH

As increase mass to
explore more WIMP
parameter space,

need proportionate
reduction in ability to
reduce backgrounds



SuperCDMSSuperCDMS

 New detectors for 2 newNew detectors for 2 new
towers (12 detectors)towers (12 detectors)
 Improved backgroundImproved background

rejection (due to largerrejection (due to larger
volume to surface ratio)volume to surface ratio)

 2.5 times more mass per2.5 times more mass per
detector readout channeldetector readout channel
(1-inch thick instead of 1-(1-inch thick instead of 1-
cm thick)cm thick)

 Improved discriminationImproved discrimination
through phonon timingthrough phonon timing
(due to new phonon(due to new phonon
collection system)collection system)



SuperCDMSSuperCDMS Detector Design Detector Design

 1 cm 1 cm →→ 1 inch 1 inch
 Mass per channelMass per channel
 Surface / volume ratioSurface / volume ratio



SuperCDMSSuperCDMS Detector Design Detector Design

 1 cm 1 cm →→ 1 inch 1 inch
 Mass per channelMass per channel
 Surface / volume ratioSurface / volume ratio

 Phonon maskPhonon mask
 Signal to noise (less passive Al)Signal to noise (less passive Al)
 Surface event discriminationSurface event discrimination

380 um380 um

380 um380 um

 x2.5 Active Alx2.5 Active Al

W TES

Al collectors



SuperCDMSSuperCDMS Detector Design Detector Design

 1 cm 1 cm →→ 1 inch 1 inch
 Mass per channelMass per channel
 Surface / volume ratioSurface / volume ratio

 Phonon maskPhonon mask
 Signal to noiseSignal to noise
 Surface eventSurface event

discriminationdiscrimination

 Phonon sensor layoutPhonon sensor layout
 Radial positionRadial position

informationinformation

A

B C

D



CDMSII Yield Discrimination :CDMSII Yield Discrimination :
SystematicsSystematics

 Ionization Yield discrimination is worse for phonon side eventsIonization Yield discrimination is worse for phonon side events
than ionization side eventsthan ionization side events

 Phonon timing provides rejection of phonon side eventsPhonon timing provides rejection of phonon side events
 Goal : improve phonon side yield discrimination for Goal : improve phonon side yield discrimination for SuperCDMSSuperCDMS

Phonon Energy (keV) Phonon Energy (keV)
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Ionization Side 109Cd Source Phonon Side 109Cd Source

109Cd
surface
events –
separate
from signal
region

109Cd
surface
events –
leak into
signal
region

Ionization Yield  =

Ionization / recoil energy

ER ER

NR NR

gammas

betas

neutrons



Yield Discrimination :Yield Discrimination :
finding the culprit?finding the culprit?

 Iron Ion Implantation used on phonon side of detectorIron Ion Implantation used on phonon side of detector
to create uniform W TES to create uniform W TES TcTc across entire detector across entire detector

 Induced lattice defects source of yield discriminationInduced lattice defects source of yield discrimination
asymmetry? asymmetry? ––  No.  No.

BetterBetter
IonizationIonization
YieldYield
RejectionRejection

‘test’ source ‘control’ source
0

0.1

0.2

0.4

0.3



Yield Discrimination :Yield Discrimination :
Hydrogenation of Hydrogenation of aSiaSi contacts contacts

Electric Field (V/cm)
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-1.5 1.5

Fraction of 14keV (241Am)
low yield events

BetterBetter
IonizationIonization
YieldYield
RejectionRejection

 Test on silicon substrateTest on silicon substrate
 No phonon / charge sideNo phonon / charge side

yield asymmetry seen foryield asymmetry seen for
positive bias!positive bias!

 Positive bias gives betterPositive bias gives better
yield rejection thanyield rejection than
negative biasnegative bias

 Does this work withDoes this work with
germanium substrates?germanium substrates?

Si / Ge
substrate

aSi Al

ΔEsubstrate ΔEaSi



SuperCDMSSuperCDMS  –– beyond 25kg beyond 25kg
interleaved ZIP (interleaved ZIP (iZIPiZIP))

 Surface event discriminationSurface event discrimination
through charge collectionthrough charge collection

 Phonon sensors and chargePhonon sensors and charge
electrodes interleavedelectrodes interleaved
togethertogether

TopBottom

P. Luke



                    iZIPiZIP

Charge collected in Bottom Electrode

C
ha

rg
e 

co
lle

ct
ed

 in
 T

op
 E

le
ct

ro
de

Bottom Surface
Events

To
p 

Su
rf

ac
e

Ev
en

ts

Bulk Events

B. Cabrera

(Stanford University)

Qz = (qtop – qbottom) / (qtop + qbottom)

# 
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Blue = 60keV
surface events
Red = low
energy surface
events



ConclusionsConclusions
 WorldWorld’’s best limits ons best limits on

WIMP dark matterWIMP dark matter
properties aboveproperties above
44 GeV/c44 GeV/c22

 Data already taken andData already taken and
currently undergoingcurrently undergoing
analysis to improve limitsanalysis to improve limits
by ~4xby ~4x

 Exciting detectorExciting detector
modifications and R&Dmodifications and R&D
for the next generation offor the next generation of
dark matter resultsdark matter results





Rate ReductionRate Reduction
 2700 2700 mwemwe depth depth
 Passive Lead andPassive Lead and

polyethylene shieldingpolyethylene shielding
 Low-activity copperLow-activity copper

environmentenvironment



MultiplicityMultiplicity

 No signal inNo signal in
surroundingsurrounding
scintillatorscintillator shield shield

 Signal above 4Signal above 4σσ
noise in one and onlynoise in one and only
one detectorone detector

muon



CDMS II ZIP Detectors :CDMS II ZIP Detectors :
Z-coordinate Ionization & Phonon DetectorZ-coordinate Ionization & Phonon Detector

380 µm Al fins

60 µm wide

Phonon Sensors
 Photolithographic patterning
 4 quadrants
 37 cells per quadrant
 6x4 array of W transition-edge sensors per cell
 Each W sensor “fed” by 8 Al fins

Detectors
•   250 g Ge or 100 g Si crystal
•   1 cm thick x 7.5 cm diameter

Charge Sensors
•    2 electrodes (+ ground)
•    Allow rejection of events near outer edge



Leakage EstimationLeakage Estimation

 Estimate usingEstimate using
area around thearea around the
masked WIMPmasked WIMP
search regionsearch region

 Look at NR band inLook at NR band in
unblindedunblinded WIMP search WIMP search
data from previous runsdata from previous runs

 Look at NR band inLook at NR band in
barium calibration data,barium calibration data,
taking taking systematicssystematics into into
accountaccount



Leakage EstimationLeakage Estimation
 Estimate using areaEstimate using area

around the maskedaround the masked
WIMP search regionWIMP search region

 Look at NR band inLook at NR band in
unblindedunblinded WIMP WIMP
search data fromsearch data from
previous runsprevious runs

 Look at NR band inLook at NR band in
barium calibration data,barium calibration data,
taking taking systematicssystematics into into
accountaccount



Leakage EstimationLeakage Estimation
 Estimate using areaEstimate using area

around the maskedaround the masked
WIMP search regionWIMP search region

 Look at NR band inLook at NR band in
unblindedunblinded WIMP search WIMP search
data from previous runsdata from previous runs

 Look at NR band inLook at NR band in
barium calibrationbarium calibration
data, takingdata, taking
systematicssystematics into into
accountaccount



AnalysisAnalysis
 Blind analysisBlind analysis

 ReductionReduction
 Data processingData processing
 Position correctionPosition correction
 CalibrationCalibration

 Data QualityData Quality
 Periods of poor noise,Periods of poor noise,

incomplete neutralizationincomplete neutralization
 Bad detector regionsBad detector regions
 Reconstruction failuresReconstruction failures

 PhysicsPhysics
 Veto-anticoincidenceVeto-anticoincidence
 Single-scatterSingle-scatter
 QinnerQinner ( (fiducialfiducial volume) volume)
 Ionization yieldIonization yield
 Phonon timingPhonon timing



SuperCDMS ZIPsSuperCDMS ZIPs

• 2.5x detector mass (7.6 cm x 2.5x detector mass (7.6 cm x 2.54 cm2.54 cm, 600g), 600g)
=> => better volume/surface, faster manufacture
•• Single mask lithography Single mask lithography
=> => more reliable manufacture, less testing time
•• Improved active Al coverage Improved active Al coverage
=> => better “antennas” for phonon collection

Also in development: new sensor configurations, double sided phonon sensors,Also in development: new sensor configurations, double sided phonon sensors,
electric field shaping, dislocation-free substrates, kinetic inductance technology, ...electric field shaping, dislocation-free substrates, kinetic inductance technology, ...



First CharacterizationsFirst Characterizations
Cd-109 calibration of Cd-109 calibration of ““G3DG3D”” at UC Berkeley (July 2007) at UC Berkeley (July 2007)

109Cd low yield

252Cf neutrons

109Cd low yield

252Cf neutrons

•• Strong yield and timing Strong yield and timing
discrimination on charge facediscrimination on charge face

•• Greatly enhanced phonon partition Greatly enhanced phonon partition
discrimination on phonon facediscrimination on phonon face



Hydrogenated Hydrogenated aSiaSi
ΔEGe ΔEαSi

E

 Previous experience suggestsPrevious experience suggests
x2 better ionization yield basedx2 better ionization yield based
surface event rejectionsurface event rejection

 Previous CDMS detectors havePrevious CDMS detectors have
a ~40nm a ~40nm aSiaSi layer that was layer that was
created in a 100% created in a 100% ArAr
environment.environment.

 By sputtering By sputtering aSiaSi in a 20% H in a 20% H22//
80% 80% ArAr environment the  environment the aSiaSi is is
passivatedpassivated, increasing the, increasing the
barrier height for holes,barrier height for holes,
reducing their back diffusion.reducing their back diffusion.



Parameter CorrectionParameter Correction
Correct Correct ““acousticsacoustics”” by comparisons to neighbors in position by comparisons to neighbors in position
parameters and energyparameters and energy

X-parameter from phonon partition
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“Nearest neighbors”

T1Z5 133Ba calibration

Uncorrected
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Intermediate

Radius parameter from phonon delays
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Why position matters: ionizationWhy position matters: ionization

Ionization channels haveIonization channels have
weak positionweak position

dependence (5%), asdependence (5%), as
shown by 356-keVshown by 356-keV
peak from peak from 133133Ba.Ba.

Dependence independentDependence independent
of energy, stable overof energy, stable over

time.time.
Origin: neutralization orOrigin: neutralization or

metal films?metal films?

356 keV

384 keV

303 keV

5% position dependence of5% position dependence of
133133Ba peaks, germanium ZIPBa peaks, germanium ZIP



Why position matters: phononsWhy position matters: phonons

phonon gradient caused by
 Tc variation,
 dead TESs,
 pulse shape changes



Lookup-table correctionLookup-table correction

Phonon partition

P
ho
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n 

de
la

y

Phonon correction manifold

Make a manifold in 3D:Make a manifold in 3D:
x and y from partition;x and y from partition;
r from delayr from delay

This breaks degeneracy for goodThis breaks degeneracy for good
detectorsdetectors

Events that are nearby in manifoldEvents that are nearby in manifold
space are also nearby inspace are also nearby in
physical spacephysical space

Use Use ““neighborhoodsneighborhoods”” of gamma of gamma
scatters from scatters from 133133Ba calibrationBa calibration
as a lookup tableas a lookup table

Apply scalings in every neighborhoodApply scalings in every neighborhood
to force phonon timing, yieldto force phonon timing, yield
to nominal values.to nominal values.



Lookup-table resultsLookup-table results
After position correction,After position correction,
resolution (Gaussian sigma)resolution (Gaussian sigma)
for best detectors is 8 keV (atfor best detectors is 8 keV (at

356 keV), 0.35 keV (at 10356 keV), 0.35 keV (at 10
keV).keV).

Phonon timing parameters muchPhonon timing parameters much
more uniform after correction.more uniform after correction.



Position: not so easy!Position: not so easy!
blueblue  = inner electrode (innermost 85% of area)= inner electrode (innermost 85% of area) ‏‏

redred    = outer electrode (outer 15% of area)= outer electrode (outer 15% of area) ‏‏

MisMis-identify nearest -identify nearest neighborneighbor events  events 
(low radius events used as a high radius (low radius events used as a high radius neighborneighbor event) event)



Parameter Position CorrectionParameter Position Correction

After position correction,After position correction,
resolution (Gaussian sigma)resolution (Gaussian sigma)
for best detectors is 8 keV (atfor best detectors is 8 keV (at
356 keV), 0.35 keV (at 10356 keV), 0.35 keV (at 10
keV).keV).

Phonon timing parameters muchPhonon timing parameters much
more uniform after correction.more uniform after correction.

Correct Correct ““acousticsacoustics”” by by
comparisons to neighbors incomparisons to neighbors in
position parameters andposition parameters and
energyenergy

Phonon Energy (keV)

Phonon Energy (keV)

Ph
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e 
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Blue = before correction

Red = after correction



Position: not so easy!Position: not so easy!
blueblue  = inner electrode (innermost 85% of area)= inner electrode (innermost 85% of area) ‏‏

redred    = outer electrode (outer 15% of area)= outer electrode (outer 15% of area) ‏‏

Q outer

Q inner

MisMis-identify nearest -identify nearest neighborneighbor events events
(low radius events used as a high radius (low radius events used as a high radius neighborneighbor event) event)



Position: not so easy!Position: not so easy!

Center of
detector
(0 cm)‏

Outer edge
of detector
(3.81 cm)‏

Partition
folds back

Delay
folds back

MisMis-identify nearest -identify nearest neighborneighbor events  events 
(low radius events used as a high radius (low radius events used as a high radius neighborneighbor event) event)

Physical
radius

Q outer

Q inner



Position:Position:
using new phonon sensor layoutusing new phonon sensor layout

Multiple parameters to break position Multiple parameters to break position degeneraciesdegeneracies!!

Partition radius Partition radius
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ConclusionConclusion
 Improvements are showing promising resultsImprovements are showing promising results
 Future Work includes:Future Work includes:

 Returning to studies with hydrogen Returning to studies with hydrogen passivationpassivation of  of aSiaSi
contactscontacts

 Looking at other detector geometries Looking at other detector geometries (e.g. revisiting(e.g. revisiting
design which interleaves ionization and phonon readout)design which interleaves ionization and phonon readout)

TopBottom

P. Luke, B. Cabrera  (Stanford University)

Ref: NIMA 559 (2006) 414-416
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Electric Field lines
for iZIP geometry


