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Medieval
Universe

The geocenmic pre-Copernican Universe in Christian £
Europe. At center, Earth is divided into Heaven (ran) =

and Hell (brown). The clements water (green), air
(blue) and fire (red) surround the Earth. Moving out-
ward, concentricully, are the a[.)ll'...IL._ containing Lm—:-
seven planets, the Moon and the :}un as well as the
“Twelve Orders of the Blessed Spints,” the f”hr:rubtm
and the Seraphim Cermzn manuscript, c. 1430.

From Joel Primack, UC Santa Cruz
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Confession

>95% of the Composition of
the Universe Is still unknown

Known Unknown - US Direct Detection - May 2005 Rick Gaitskell , Brown University



Known Unknowns

« “As we know,
There are known knowns.
There are things we know we know.
We also know
There are known unknowns.
That is to say
We know there are some things
We do not know.
But there are also unknown unknowns,
The ones we don't know
We don't know."

» --Donald Rumsfeld, Secretary of Defense,
February 12, 2002, Department of Defense news briefing
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Introduction

-->1990’s For many a “known known” was that Q. = 1
¢ This being matter dominated, 2 =1

We have had to revise this view partially: Q.. =1, but _~0.3

¢ Dark Matter now has to share the shadows with Dark Energy

¢ Indeed it is convenient to split into 3 Dark Problems
»Baryonic Dark Matter - Mostly known
*Non-Baryonic Dark Matter - Known Unknown
« Dark Energy - Only God knows, right now

It has been a Problem in Cosmology that astrophysical assumptions
often need to be made to interpret data/extra parameters

* Now many independent/increasingly precise techniques are being used

¢ This now enables disentanglement of “Gastrophysics”

Ultimately new solutions will be related to Fundamental/Particle Physics
¢ Non-baryonic dark matter - New Particles - SUSY, neutrinos, baryogenesis
¢ Dark Energy - Gravity / Extra Dimensions
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Direct Detection Astrophysics of WIMPs

* Energy spectrum & rate depend on WIMP
distribution in Dark Matter Halo

v “Spherical-cow” assumptions: isothermal
and spherical, Maxwell-Boltzmann velocity

distribution
v V=230 kmls, v = 650 km/s,
. 0= 3 “Contains ten 60-GeV
: p=0.3GeV/cm = WIMPs on average. 20
o i billion WIMPs pass
!Energy spectrum of recplls through each second.”
is featureless exponential ,
with (E) ~50keV Il
* Rate (based on o, and p) |
is fewer than 1 event per kg >_ <
material per week " Hnh z'

A

q g SUSY - Supersymmetry
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What Nature has to Offer

What we hope for!

CDMS 2005 Rick Gaitskell



Dark Matter Experiments ( WorIdW|de/aff|I|at|ons
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DM Direct Search Progress Over Time (->2004)

Searches Past,Present & Future

- 10_4G | | .

a ® Oroville UKDMC'EddwemsQB

= . H-M 94 @ ° M 98 DAMA 98 ,

> 10"} Homestake elG EX.. DAMA 00 .
[ ® ]

B d  ~1eventkg' day’ I Edelweiss 01 oD vz

O, | | SDRIFT 11 1m°)

5 Ge CDMSII Soudan 04@

,5 10741 g;ralc:det NOW Majorana—-I |

g LQL ZEPUNIUHFJOKQENEJAHMDd

wy

i 685 XENON 10_ O

3 Tomal® projected Edelw.ll/CDMSII~ 5kg '

© x  signal

o XENON100 O

© 45

3 10 " f .

= ZEPLIN [V-Max/XENON1T -

E 046 CryoArray/Edel./CRESST 1t O

1985 1990 1995 2000 2005 2010

Gaitskell, Annual Reviews vol 54, 2004, in press

Year

Known Unknown - US Direct Detection - May 2005

Rick Gaitskell, Brown University



DM Direct Search Progress Over Time (2005)

Searches Past,Present & Future
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Current XENON Collaboration

Columbia University
Elena Aprile (P1), Karl-Ludwig Giboni, Sharmila Kamat+,
Pawel Majewski+, Kaixuan Ni*, Bhartendu Singh+ and Masaki Yamashita+
Brown University
Richard Gaitskell, Peter Sorensen®, Luiz De Viveiros*, Laurence Herrman+
University of Florida
Laura Baudis, David Day*
Lawrence Livermore National Laboratory
Adam Bernstein, Chris Hagmann and Celeste Winant+
Case Western Res. Univ. (group moved from Princeton)
Tom Shutt, John Kwong*, Eric Dahl*, Alex Bolozdinya+
Rice University
Uwe Oberlack ,Omar Vargas*
Yale University
Daniel McKinsey, Richard Hasty+, Angel Manzur*

+PostDoc/Engineer
*Grad

A2 UNIVERSITY U]'

*5 $ FLORIDA § Li
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Potential Signals from Interaction

WENS | _ : LXe Advantages:
Elastic nuclear scattering i size :
Ge ?Zeen / odd
‘ : Vv
. Ge, Si :
\ ‘ ~ 20 % energy i temp

l'., disc.

V‘ HEGT — AIEOB,LlF

Liquid Xe e

- 2 100% detected

. energy

'. * relatively slow

"a\ * requires cryogehic

L|r";|’1T e \ detectors
- | - » few % detected energy  * CaWQ,, BGO
NaI, Xe = - usually fast &

- no surface effects ?

Figure from G. Chardin
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XENON Event Discrimination:
Electron or Nuclear Recoil?

Within the target:

e Neutrons, WIMPs => Slow nuclear recoils =>
strong columnar recombination

=> Primary Scintillation (S1) preserved, but lonization
(S2) strongly suppressed Time

e v, e-, u, (etc) => Fast electron recoils => 4

=> Weaker S1, Stronger S2

Proportiona

1 ps’]Width

lonization signal from nuclear recoil too small to be directly
detected => extract charges from liquid to gas and detect
much larger proportional scintillation signal => dual phase

PMT Array

(not all tubes shown)

Anode

Electron Drift
~2 mm/us

\ Liquid phase V
\ _—

Liqg.

it

0-150 us
depending on
Simultaneously detect (array of UV PMTs) primary (S1) and pdepthg
proportional (S2) light =>
Distinctly different S2 / S1 ratio for e / n recoils @
provide basis for event-by-event discrimination. Z40 s
width

Challenge: ultra pure liquid and high drift field to preserve small— <= —
electron signal (~20 electrons) ; efficient extraction into gas; U\? ~1759nm 7
efficient detection of small primary light signal photons \

/e

(~ 200 photons) associated with 16 keVr

Cathod

EAG > EGC

Interaction (WIMP or Electron)
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V2

Sample Events from Xenon Detector (XeBaby)

§ XeBaby two phase chamber response to neutrons (AmBe) and gammas (137Cs)

§ 2 PMTs (bottom one in liquid, top in gas) - example signals from Top shown below
s Ec =2.5kV/cm, E, = 8.0 kV/cm

§ ~30 ns decay time of Xe excitation
§ Max Drift TIme ~7.5 ps for 15 mm (~1us shaping on Slow Digitizer)

Gamma event Nuclear Recoil event
S1 2.2 phelkeVee S1~1 phelkeVr

2005020272329 - Evt #45060 - Fast 20050203T0012 - Evt #21172 - Fast

Fast ADC opew: "
1 ns/sample
500 ns across plot

nY
L

e’l;"-‘_.j" r S1
6- I
k LT — chi1
8 -2 1.5 1 0.5 0 05 1 1.5 Z 2.5
x 10
. 20050202T2329 - E\,r,t-#éiéoso - Slow
Slow ADC © e AR
200 ns/samp s1 ] 0} Si S2
1 us shaping 5
g 20 £ zof
30 s acrd8s plot S2
-30 - b -30
—chz chz
-40 1 L 1 L =40 1 1 L L
-5 0 B 10 15 20 -5 0 B 10 15 20
32 = .Bph -B = -6
S2r1 o 1005 x10 Py x10

De Viveiros - Brown University The Case for Dark Matter March 2005 v01 <>



XeBaby Test Rig

§Fiducial volume: & = 4cm, h=2cm (Xe ~100g)
§2 PMTs (© = 5cm each)

§Operated at Nevis Lab, Columbia University (Columbia/Brown Operation)

XeBaby Diagram Source Position
| | . 1x107 n/sec AmBe source
B i —Screening
2 i mesh at ground
o i Anode Lead Liquid Xe
_‘l’_ o L l — Grid source
g B 0 B 0 B KAV,
. @_ ) \ 130 degree
I, i PTFE Poly | =/
AR /
60cm
LED —Cathode {

BC501A(dia. 4inch x 4inch)

XENON Rick Gaitskell



Event Discrimination (Using S2/S1 ratio)

§ AmBe Source
§ Neutron spectrum peaked at 4MeV + 4.43MeV y’s (suppressed with 10cm Pb shield)

s Vo =4 kViem (max field probed), V, = 3.5 kV/cm

AmBe spectru m

§ Inelastic Events:
5 40 keV (Xe129*) and 80 keV (Xe131*)

20050325T2103 - AmBe [log10]

4MeV

AmBe
Neutron
Spectrum

counts

Gammas

L iz §137Cs Source
s Vo =4 kViem, V, =4 kVicm

™ 41 2005020272328 - 137Cs

, P — = AET——— =

» Stuation Cut

e o : '
- - - - = —0.8 25
# 40keV-Inelastic [ S . '
=¥ Nuclear Recoils Y, /o4 w—— 2 5

) iyt ¥ & 7

S2/31( Ch1Chz ) [log10]

g =’ ' 7

va

S2iS1(Ch1Ch2)
&

.

; 0 400 ‘a0 80 W6y Cf00Y e wa0l iEDY  AGi
0 50 100 150 200 Z50 300 51 [keVee] (Ch1 Chz)

S1[keVee] (Ch1Ch2)

XENON Rick Gaitskell




Features in Energy Spectrum

§Features in AmBe Spectrum:
§ Elastic Nuclear Recoils in Xe
§ Inelastic Nuclear Recoils in Xe: 40keV (129Xe) and 80keV (131Xe)
§ Gammas from Inelastic Nuclear Recoils in Teflon (F): 110keV and 200keV

XENON

230

Sz [keVee] (Ch1 Chz) --- p.e/keV

11

log

25 pr
s -2
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Teflon

Lines (F)

200keV
110keV
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S2/S1 Dependence on E-Field for n/y Recoils

20050328T2052 - AmBe - Depth(>3us)+Quality Cuts - VC=6.0I(V Ic:g1D Cts/sec
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XENON_2005 0.05 kV/cm -> 4 kV/cm (1.5 cm drift)



Features in Energy Spectrum

§ Calibration Spectrum
§ 57Co: 122keV

§ Xe Activation Lines: 164keV (Xe131m) and 236keV (Xe129m)
- Xe in chamber has been activated due to intermittent exposure to AmBe neutron for the previous 10 days
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3 T T T T ol
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lonization Yield of Xe Nuclear Recoils (Columbia/Brown)

* Number of electrons does not depend much on electric field.
* lonization density along the track of a recoil ion appears to increase as the energy
decreases, as expected from Bragg-like curve for LET in Xe

|-+ 380 kV/om

Number of Electrons/keV

"IIIIIiIIIIiIIIIiIIIIiIIIIillIIiIIIIiIIIIiIIIIiIIII

0 10 20 30 50 60 70 80 90 100

Nuclear Recoil Ene e
APS_2005 9y [ V] Elena Aprile
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Calibration with 2'9Po alphas.

¢ Cross check with 122 keV gammas

(°"Co).
¢ In progress

Energy dependence presumably from

E dependence of dE/dX.
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Rejection Power by S2/S1
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Field Non-uniformity and Edge Events

Teflon (PTFE)
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XENON R&D: Dual Phase 3D XeTPC Prototype

Pumps - pMTs HV XEN“_ON Set-up at Columia Nevis Lab

il ‘ ‘ XE‘ :
: v /Slgnals
@z rza ==

't g

5| P g ——LN»
| T |3

GXe

.................

Xe Recirculation

Vacuum Cryostat
N\

» Pulse Tube Refrigerator used to liquefy and maintain LXe at -95.1 £0.05 C

* Array of 7 PMTs (Hamamatsu R9288) directly coupled to the Xe active volume
- Fast and Slow digitizers for direct and proportional light waveforms

* Drift Field > 1kV/cm; Extraction Field > 10 kV/cm

« Calibration with gamma (Co-57), alpha (Po-210) and neutron (AmBe) sources.
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R&D Milestone: > 1 m Electron Attenuation Length

Continuous Circulation of Xe gas through high temperature metal getter to achieve high purity
(<1ppb) of the liquid target a few days.

'gj_ N —e— 2004 March'
2|0(1) = 0(0)exp(—t/7) |
= gool- = 2004 April
2
._EI 700_ l = Vi
3 »
u% 600E I
500 / /
400} A~12m
300; f /
200f / _______
; V 1 kV/em
100}
0:| L1 ' Ll 11 L1 Ll
-50 50 100 150 200
time[hour]
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21 PMTs Array Details (XENON3)

@ Hamamatsu R8520
@ Developed for operation in LXe

@ Metal Channel, compact ((2.5 cm)2x3.5cm))
@ Square anode (good fill factor : 66.2%).

@ Low background : 238U / 232Th = < 3 mBq
total (Recent measurement)

@ Quantum Efficiency : >20 % @178nm




New Detector Construction / Testing Schedule

« Now Testing XENON Prototype @ Nevis for Underground Operation

» Moved from R9288 (2 2”) to R8520 (sq 1")to improve backgrounds from
tubes (all stainless construction for housing) and also to maximize x-y
position information

¢ Tested operation of tubes in LXe at Brown

«  XENONS - currently running chamber with top PMTs only at Columbia

¢ 21 Top PMTs + 14 Bottom PMTs, 19 cm x 11 cm drift (9 kg gross/3 kg fid.)
* Install bottom PMTs when next Hamamatsu batch comes in
+ Radioactivity of tubes is < than expected (<3 mBg/tube total U/Th/K)

« XENON10
¢ Then increase # of tubes (in-line with Hamamatsu batch delivery schedule)
¢ 46 Top PMTs + 32 Bottom PMTs, @25 cm x 15 cm drift (21 kg gross/~10 kg fid.)
¢ Actual fiducial will depend on how relaxed radial/z cuts can be

* Light collection modeling

¢ Expect ~ 1 phe/keVee with 3 kV/cm applied (0.5 phe/keVr) for XENON3 and
XENONS (Simulation -> ~1/2 of light collection of XeBaby, latter matched MC

Known Unknown - US Direct Detection - May 2005 Rick Gaitskell, Brown University



XENON10: A 3D Sensitive WIMP Detector

An array of R8520 PMTs allows
X-Y position reconstruction

GEANT4 Simulation

Y [mm]

. - N -
: R e
.....

Z position determined
from electron drift time

X [mm]
W

] Edge events can be
10keV Nuclear Recoil Events rejected based on

near the detector edge reconstructed positions




XENON R&D Milestones: Summary

+ PMTs operation in LXe Achieved
+ > 1 meter A, in LXe Achieved
+ Csl photocathode in LXe w/o Feedback Achieved
+ Operating ~few kV/cm electric field Achieved
+ Electron extraction to gas phase Achieved
+ Efficient & Reliable Cryogenic System Achieved
+ Electron/Alpha recoil discrimination Achieved
+ Nuclear recoil Scintillation Efficiency (10-55 keVr) Achieved
+ Nuclear recoil lonization Efficiency Achieved
+ Electron/Nuclear recoil discrimination Achieved
+ Kr removal for XENON10 In progress
+ Electric Field / Light Collection Simulations Tools Developed _Done for XENON10
+ Background Simulations Tools Developed_Done for XENON10
+ Materials Screening for XENON10 on-going (Soudan_SOLO Facility)
+ Design of XENON10 System In Progress
+ Low Activity PMTs and Alternatives Readouts on-going

XENON_2005



XENON10 Schematic of Detector and Shield Design
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[dru]

Counts/keVikg/day

PMTs Gamma Background in XENON10

Gamma Background from PMTs (Hamamatsu R8520: 238U / 232Th | 4K | €9Co = 13/ 4/ 60 / 3 mBq
is 4x below XENON10 target — can be further reduced to 40x with outer LXe Veto
and multi-site events cut - Recent batches of tubes counted and found to be <3 mBq total !

Inner Chamber Events (8 < E < 28 keV)
Energy Histogram

7 Inner PMTs — R8778: 22Th - 4mBq; 2*U - 13mBq; *°K - 60mBq; *co - 3mBq

28 _13mBa; 2*2Th -4mBg; K - 60mBqg; *°Co - 3mBq per Kg

Total: Inner Events =21 mHz; Veto Events = 322 mHz; Non-veto Inner Events = 14 mHz

DRU Rates Averaged Over Range: 8 <E < 16 keV

| m—

T
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Inner Chamber Events (8 < E < 28 keV)
Spatial Distribution
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7 Inner Top PMTs (Hamamatsu R8778) ('0910)
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Summary of XENON10 Backgrounds

Current Monte Carlos have considered the following sources of backgrounds

« Gamma / Electron Recoil Backgrounds
*External Gammas - Pb Shield

*Gammas inside Pb Shield
« PMT (K/U/Th/Co)
- Vessel: Stainless Steel (Co)
- Polyethylene Shield
- Contributions from Other Components

*Xe Intrinsic Backgrounds (incl. 8Kr)
*Rn gas exclusion from shield

- Neutron Backgrounds
¢Internal Sources: PMT (a,n)
+External: Rock (at,n): Poly Shield
*Punch-through neutrons: Generated by muons in rock

« No Muon Shield required fro XENON10
*Neutrons arising from muon interaction in Pb/poly shield

APS_2005
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Liquid Xe Intrisic Background — 8°Kr
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8Kr contamination in Xenon — § decay (Q~687 keV)

¢ Commercially Grade Purification Methods reach 10ppb contamination

¢ Required concentration to achieve XENON10 goal: < ~1 ppb

¢  8Krevents in LXe Veto Region — minimal contribution to events in inner LXe

Anti-Coin., Single Scatter Inner Events
due to 85Kr Decays in Inner Chamber

BKrin Liquid Xenon - Histogram of Non-vetoed, Single Scatter Events
Total (@10ppb): All Events = 32 mHz; Veto Events = 1.3e-05uHz; Non-veto Events = 32 mHz
DRU rates averaged over range 8 <E < 16 keV

—— BO06 mdru (@10 pphb)
_4|| = B0.6 mdru (@1 ppb)
10 | = D0.606 mdru (@10 ppt) [ T
Rates Averaged Over Range 8 < E < 16 keW [ 100000 00000 e ]
100 200 300 400 500 600 700
Energy Deposition [keV]
APS_2005

Events Detected in Inner Chamber
due to 85Kr Decays in Veto Region

85Kr in Liquid Xenon @ 10ppb

Total: All Events =0.0024 mHz; Veto Events =29 mHz; Non-veto Events = 0.00013 mHz

| T T T I T
------------------------------ === All Detected Events: 0.259 mdru
EoX 1(): 7-S RN = Non-vetoed Events: 0 mdru H
b XENON10Target s = Non-vetoed, Single Scatter Events: 0 mdru 1
P | Rates Averaged Over Range 8 < E< 18 keV

I
200 300 400
Energy Deposition [keV]
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Dark Matter Goals

«  Dark Matter Goals (labeled on figure)
¢ XENON10 - Sensitivity curve

corresponds to _4ii
~2 dm evts/10 kg/month 10 e —
- Equivalent CDMSII Goal for mass Calskoll&Mamli
>100 GeV

(Latest 2004 CDMSI| result is x10
above this level)

With only 30 live-days x 10 kg
fiducial - Zero events - would reach
XENON10 sensitivity goal (90% CL),
but we would like to do physics!

Important goal of XENON10
prototype underground is to
establish clear performance of
systems

¢ XENON100 - Sensitivity curve
corresponds to
~20 dm evts/100 kg/year

Background Simulations for
XENON10 indicate it could reach b/g
suppression necessary to reach this ESTIEAT i
sensitivity limit (would require some B 2

modest upgrade), but with 10 kg L0} [0 L()

target would only give ~2 dm evts/ WINP Mass [GeV)
10kg/year - no physics.

SUSY
Theory / ‘I\E“O“
\

107"} Models

Cross—section |em™ | (normabised to nucleon)
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DM Direct Search Progress Over Time (2005)

Searches Past,Present & Future
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XENON10 at LNGS: Gran Sasso National Laboratory

» Install Shield and Detector by end Fall 2005
- Stable Operation/Calibrations by Dec 2005
- Start physics run ~Jan 2006

.

3
v anford Underground
1
0

w _q|\ Oroville (USA)
i /
=
g 'Zw__ Soudan (USA)
£ -3 / Kamioka (Japan)
=g I / Boulby (UK)
L. 4 / Gran Sasso (Italy)
= Frejus (France)
g -5 <~ —Baksan (Russia) ,
= 5 Mont Blanc (France)
= «—--Sudbury (Canada)
o 7| < Kolar (India)
o
= g
g S ! 1 i L
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Depth (meters water equivalent)
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XENON10 at LNGS: Gran Sasso National Laboratory

Proposed Site of XENON (Hall A)

XENON_2005



XENON Conclusions

« Demonstration Milestones - Acheived
* Highlight: Electrons from Nuclear Recoils! over wide range of applied fields

- Starting infrastructure summer 2005, install detector Fall 2005
¢ Funding from both NSF + DOE Now Established

« (Goals

¢ Physics: Target ~10 kg, ~5-10x better sensitivity than current CDMS limit, based on short run of a
few months

¢ Demonstrate operation in low bg environment
- Clearly establish how well electron recoil rejection performs
- Refine understanding of dominant contributions to bg

¢ Establish dominant effects that limit sensitivity
- Improvements for larger 100 kg system

« Design “Converging” following tests - Main Points

¢ Top + Bottom PMTs (rather than Csl - successfully tested by is inherently unstable due to light
feedback) to reduce operations risk

¢ Drift ~15 cm @ 3kV/cm --> ~50 kV high voltage systems
- Using 150 kV designs for feed throughs to test feasibility of larger det.

¢ Conventional Shield Design Pb/Poly (no muon veto, will not limit detector at GS for first 10 & 100 kg
instruments, given 30 cm poly)

XENON_2005



Resulits from the
Cryogenic Dark Matter Search

Review of results from first run
New, preliminary results from second run
and beyond

Rick Gaitskell, Brown,
with big thanks to Richard Schnee,
CWRU

Gaitskell
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Sources of Background

\ WIMPs and Neutrons
scatter from the

W™ ]| Pnotons and tlectrons
. scatter from the

Detectors must effectively
discriminate between

Nuclear Recoils (Neutrons, WIMPSs)

Electron Recoils (gammas, betas)

Use Ge and Si based detectors
with two-fold interaction
sighature:

- Ionization signal
- Athermal phonon signal

Known Unknown - US Direct Detection - May 2005

Rick Gaitskell, Brown University



Really Cool Detectors: ZIPs

— Phonon D

SQUID array

Z-sensitive 1oniz§%$7\@1 I .
and Phonon-medigted W T

Measure ionization in low-field |
(~volts/cm) with segmented
contacts to allow rejection of
events near outer edge

«250 g Ge or 100 g Si crystal
*1 cm thick x 7.5 cm diameter
*Photolithographic patterning
*Collect athermal phonons:
+ XY position imaging
+ Surface (Z) event veto based
on pulse shapes and timing

- THATAG MH

h I ]11'1' “‘II:J

|‘ I |' I‘] 1'l|l'

380u x 60w aluminum fins

CDMS 2005

Rick Gaitskell



Really Cool Detectors: ZIPs

SQUID a“ay\ | > oD o5 g Ge or 100 g Si crystal
*1 cm thick x 7.5 cm diameter
*Photolithographic patterning
*Collect athermal phonons:
+ XY position imaging
+ Surface (Z) event veto based
on pulse shapes and timing

15

Rfeedback

10F

Z-sensitive !onizg%@\/\ﬂ_u I Q. -
and Phonon-medigfed A 5

Measure ionization in low-field
(~volts/cm) with segmented
contacts to allow rejection of
events near outer edge

—10F

CDMS 2005 Rick Gaitskell



CDMS |l Background Discrimination

lonization Yield
(ionization energy per
unit recoil energy)
depends strongly on
type of recaoill

*Most background
sources (photons,
electrons, alphas)
produce electron recolls

lonization Yield

1.2
1
0.8f
0.6f
0.4r ¢
0.2 l.'"}:': 47k Photons (external source) - ]
e TR
% 20 40 60 80 100 °

Recoil Energy [keV]

CDMS 2005

Rick Gaitskell



CDMS |l Background Discrimination
Photons from external source
---------------------- 100

110

lonization Yield
(ionization energy per
unit recoil energy)
depends strongly on
type of recaoill

*Most background
sources (photons,
electrons, alphas)

produce electron recoils i

*WIMPs (and neutron.s) % 20 40 0 S0 100
produce nuclear recoils Recoil Energy [keV]

[R—
(g

[
_-I.ﬂhml-l-'l-l-l—

lonization Yield

e e i

o

.: !-i‘ ﬁeutron; from external source | |

l\J-l“—‘-G\O{J

CDMS 2005 Rick Gaitskell



CDMS |l Background Discrimination

*lonization Yield

(ionization energy per ~ 1.25 I100
unit recoil energy) o

)
depends strpngly on ->—_O o
type of recoil S
*Most background ©0.6f 110
sources (photons, S04l
electrons, alphas) -
produce electron recolls 0.21, of rejection 1
° 0 p L - T - ekl R LE L TT T - 0
WIMPs (and neutron.s) ) 20 40 60 80 100
produce nuclear recoils Recoil Energy [keV]

Detectors provide near-perfect event-by-event discrimination
against otherwise dominant bulk electron-recoil backgrounds

CDMS 2005 Rick Gaitskell



CDMS |l Background Discrimination
i IIOO

110

lonization Yield
(ionization energy per
unit recoil energy)
depends strongly on
type of recaoill

*Most background
sources (photons,
electrons, alphas)
produce electron recolls 1

g, e e s e - - 0

*WIMPs (and neutron.s) 20 40 60 %0 100
produce nuclear recoils Recoil Energy [keV]

[—
o
oo

[E—

lonization Yield
e

o = O o0

1

C:'D

Detectors provide near-perfect event-by-event discrimination
against otherwise dominant bulk electron-recoil backgrounds

Particles (electrons) that interact in surface “dead layer” of
detector result in reduced ionization yield

CDMS 2005 Rick Gaitskell




ZIP Z-Position Sensitivity Rejects Electrons

Cut based on
phonon-pulse
risetime
eliminates the
otherwise
troublesome
background
surface events

>99% above 10 keV

RiseTime [lls]

20

from 22Cf
18source

L
L]
‘l-

Neutrons

'
0Co source)
1-‘- ‘Eq. -

Surface-electron (Single-scatter)

recoils (selected via photons from

nearest-neighbor 60Co Source
multiple scatters from

0.4 0.6 0.8 1 1.2

L4

CDMS 2005

Rick Gaitskell



More ZIP Z-Position Sensitivity

 We are only Neutrons
beginning to take full 0 from 252Cf
advantage of the source 3K
information from the - Photons
athermal phonon Ac’qépi from
sensors! 131 P 13383

+ Improving modeling of
phonon physics

+ Extracting better
discrimination
parameters (timing
and energy partition)

e Towards a full event
reconstruction, near-
perfect rejection of

Source *

Phonon Delay (us)
=

LA

Most neutrons pass timing cuts
Nearly no electron-recoils do!

I TarinaA

o

surface events 1.5

CDMS 2005 Rick Gaitskell



CDMS |l at Stanford and at Soudan

«2001-2002 run at shallow site

¢ 28 kg day exposure of 4x 250g Ge
detectors (and 2x 100g Si detectors)

¢ 20 nuclear-recoil candidates
consistent with expected neutron
background PRD 68:082002 (2003) =

Wzoo Hz muons

in 4 m2 shield

N W

/Oroville (USA)

Soudan (USA)
N / Kamioka (Japan)
/ Boulby (UK)
/ Gran Sasso (Italy)
{ /Frejus (France)
Baksan (Russia) ,
Mont Blanc (France)

—-Sudbury (Canada)
<~ Kolar (India)

Log,,(Muon Flux) (m-2s)

g J i | ! |
0 2000 4000 6000 8000 10000

Depth (meters water equivalent)

CDMS 2005 Rick Gaitskell




CDMS |l at Stanford and at Soudan

«2001-2002 run at shallow site

¢ 28 kg day exposure of 4x 250g Ge
detectors (and 2x 100g Si detectors)

+ 20 nuclear-recoil candidates
consistent with expected neutron
background PRD 68:082002 (2003)

3
2 anford Underground Site 200 Hz muons
1 in 4 m2 shield
= 0
& Oroville (USA)
£ o[ : . _ . i
— ’@ USA) | o -
> po :
= 3 /agéﬂ'fgy<ggﬁ‘5‘“) «2003- 2005 in Soudan Mine, Mlnn.
= -4|1 per { Gran Sasso (ltaly) ¢ Depth 713 m (2090 mwe)
CDD 5| minute /Frejus (France)
= 4 12 shield Baksan rftRé’ESr:?(France) + Reduce neutron background
= glin4d m?shi ~
639 -6 shie —-Sudbury (Canada) {rom ~:|I ; Eg ; day
S 70 <~ Kolar (India) 0 g year
-8 L x i j_..-" .’:—‘: :
g S 1 i * l 2341 FEET BELOW THE SURFAGE
0 2000 4000 6000 8000 10000 689 FEET BELOW SEA LEVEL

Depth (meters water equivalent)

CDMS 2005 Rick Gaitskell




Experimental Setup in the Soudan Mine

il
.......

DAQ/Electronics

RF-shielded oudan II
VAC Clean room
Mezzanine |
ont-end (Removed
MINOS Mechanical / Shield "l | Detector Prep g(l;(;:mer
connecting K )
tunnel Pumps, ﬂ &\L Clean Benches
. Frid Icebox
Cryogenics [_] v
Rick Gaitskell

CDMS 2005




Shielding from Backgrounds at Soudan

* Active scintillator veto,
polyethylene and lead
shielding, and radon purge
reduce backgrounds from e
muons, neutrons and photons A %

E%ead plastic
N -ﬁscintillators

= T =
=l BN outer
[ — ' H
| 4 == \\\- olyethylene ==
ancient/ = inner
lead
- polyethylene

CDMS 2005 Rick Gaitskell



First Year of Running CDMS Il at Soudan

*|nstalled two towers of 6 detectors each in 2003

*Ran “Tower 1" October 2003- January 2004
¢ Same 4 Ge (1 kg) and 2 Si (0.2 kg) ZIPs run at Stanford

+ Results announced at last year's APS

Ran 12 detectors in 2 towers
from 25 March- 8 August 2004

+ New results today

_ FET
~tcards 7

SQUID cards

I 1l

_ FET

~tards —
SQUID cards

[ 1

(I CENTITIC
" | NI XTI

N ZIP 1 (Ge)
LAl ZIP 2 (Ge)
% ZIP 3 (Ge)
A ZIP 4 (Si) |
S g 2P5(Ge) ]
. FF 2P (Si)

| 9@

" ZIP7

! Z1P 8 (S
: 21P 9 (Geyyf

ZIP1OE

CDMS 2005

Rick Gaitskell



First Year of Running CDMS Il at Soudan

*|nstalled two towers of 6 detectors each in 2003

*Ran “Tower 1" October 2003- January 2004
¢ Same 4 Ge (1 kg) and 2 Si (0.2 kg) ZIPs run at Stanford

+ Results announced at last year's APS

Ran 12 detectors in 2 towers
from 25 March- 8 August 2004

+ New results today

+ Ge more sensitive to

 FET

~tards
SQUID cards

I 1l

\.---

_ FET

\.---

~tards
SQUID cards

[ 1

WIMPs since 0,,, A

¢ Simore sensitive to
neutrons

(I CENTITIC
" | NI XTI

+ Si sensitive to lower-mass ZIP 1 (Ge)

WIMP ZIP 2 (Ge)

| will discuss only E:E 2 gj‘)’)
|

results from the Ge ZIP 5 (Ge)

detectors today ZIP 6 (Si)

_
l14C 140 -

" ZIP 7 (Si)l]
* 21P 8 (Si) ]

: 2|P10(E

CDMS 2005
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First Year of Running CDMS Il at Soudan

* Qctober 2003- January
2004 run of “Tower 1”

¢+ 62 “raw’ livedays, 53
livedays after cutting times of

60

poor noise, etc.

Nearly 85%
- livetime for
last six weg\é,
@ 0| Calibration yd
S | runs \ s
GE) 30} /‘#
-‘cT'S ower1
>
- Yl E
10} H,
f'_’r,-' -.
- | |
‘IEIPHIDB 11117053 Date 12/11/03 0111

*March-August 2004 “The Two
Towers”

+ 1.5 kg of Ge, 0.6 kg of Si

¢ 76 “raw’” livedays, 74 livedays

+ Nearly doubled exposure,

Livetime (days)

80 T L T T T
-extra calibration runs s
?u-.\ ......................................
: :
Eu— A ........................................
== /0
ol Towers 1.&2:. .../ A S T ]
3'] ........................................................................................
2'] ......................................................................................
-"]- ................................................................ - RunTlmE u
_ : . — LiveTime
ug!m 04701 0501 07 0a:01 09:01
Date

expected sensitivity, and
calibration data

CDMS 2005
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In Situ Photon Calibration with 33Barium

« Calibrate position dependence

of detector response See R.W. Ogburn, session K9
I I I I — IMC zuﬂsg I I I — MC
1 — data . : — data
s Iomzatlon e Phonons
W bé{é”: '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' Data
% Expectatlons : % Expectatlons g :
Z | from simulation Z | from S|mulat|on Py i
O - '.. '._ '._ '._ '._ '."'._ '._ '._ '.. '._ '._ '._ '._ '._ '._ '.. '._ '._ '._ '.. '.. '._ '._ '._ '.. '._ : '._ '.. '._ '._ '._ '.. '._.'._ '._ '.. '.. Wil B '_ '. '_ '._ '._ '.. '._ '._ :_ '._ '.. '._ '._ '._ ' © ".. '._ '._ '._ '._ '._ I.if'. ; -
] RS e T —— s — L DS Yo o e | -
fr mmmmmﬁsn LIS A S S
lonization Energy (keV) - = Recoil Energy (keV)

L. Baudis
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In Situ Nuclear-recoil calibration with 2°2Cf

Nuclear recoils in Ge ZIP Nuclear recoils in Si ZIP

.....................................................................................

__________________________________________________________________________________________

e Expectatlons N A
"""""" from simulation - s

Expectations o ) SR NS U S - .......... =t
fromsimulation H//ﬂ

] i i ] i i I i ] i ! i
10 20 40 &0 0 80 20 100 10 20 30 40 50 &0 70 20 100

Recoﬂ Energy (keV) Recoil Energy (keV)

102
Excellent agreement betwe< data and Monte Carlo
=Understand cut efficiencies S Kama

CDMS 2005 Rick Gaitskell



In Situ Calibrations for Setting Cuts “Blind”

First run’s calibration After timing cuts, set to reject all
data, prlor to tlmlng cuts electron recons in S|gnal band
1.5 : s : 5S) -
RN /7 T 22723125
: T 1.0
> K
‘ >
C
S
. T
! )
| 't 0.5
K
00 - 70% acceptance of neutrons

0 10 20 30 40 50 60 70 80 90 100 O 10 20 30 40 50 60 70 80 90 100
Recoil Energy (keV) Recoil Energy (keV)

Blue points: electron recoils induced by a 133Ba y source
Yellow points: nuclear recoils induced by a 2%2Cf neutron source

CDMS 2005 Rick Gaitskell




Setting cut with Calibration

B0 : |
Calibration: Gaussian On average
distribution | 1000 events area beyond

Expand | 4 last event = 1
scales regardless of
distribution
2
0
5 0 5
5
Data: same On average
distribution | area beyond
41100 evts 0.4 cut =0.1
|
2| 0.2 f
|
0 0
-5 0 5 5 0 5

CDMS 2005 Rick Gaitskell



Cuts and Efficiencies

« Defined by calibration samples

* Blind analysis: data on low-yield
events from WIMP-search run “in the
box’ until cut definitions completed

* Opened box on March 20th, 2004
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1.5

lonization Yield

0.5

WIMP-search data with blind cuts

Prior to timing cuts
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WIMP-search data with final cuts

After timing cuts, which

Prior to timing cuts

reject most electron recoils
1.5 . . .
Y 72173175
E‘ ‘\‘\"“;.-i.ng ‘::: o R " ;:: PR ’.. :.:.:: '
i R “%’f‘i’:::’*vs’::‘*‘*""--*r'**-'r"‘
S o I e e S
8 e T R B
> > h T
- _ ] ,ﬁ'
2 ., S v
E & f "‘%‘ v
N N N V)
c Moo - C o
2 05Fk 2205k
o N Sy A o
:" b o ; ---------------------
; e i /,/" 1 nuclear-recoil candidate,
0 ; 7 | | | Z22/Z3/Z5 0 ; i consistent with backgrounds
0 20 40 60 80 10 0 20 40 60 80 100
Recoil Energy (keV) Recoil Energy (keV)
* Energy estimates improved 0.7 = 0.35 misidentified electrons (w/Z1),
« Some new events pass cuts 0.02 recoils from neutrons expected (w/ Z1)
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S| WIMP-nucleon cross section
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[
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i
)

Resulting Experimental Upper Limits

90% CL upper limits assuming -uUpper limits on the WIMP-

40

standard halo, A2 scaling

|
e
e
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=
o

dmtools.brown.edu
Gaitskell & Mandic

DAMA Nal/1
-4 30
region

X
b
X
X
X
X
X
X
X
X
X
%
X
X
X
X

...........................
..........................

[
)

— 2
10
WIMP Mass [GeV]

nucleon cross section are

1 4x1043 cm? for a WIMP
; with mass of 60 GeV/c?

+ Factor of 4 below best
previous limits
(EDELWEISS xxx)

¢+ Factor of 8 below
....CDMS_SUF o000

~ { sIncompatible with DAMA
¥ signal if “standard picture”

but some alternatives

| *Excludes large regions of
1 SUSY parameter space

under some frameworks
i Bottino et al. 2004 in

M Kim et al. 2002 in cyan
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Analysis of 2nd Soudan Run of CDMS i

eIncluded 50f 6 Geand 4 of 6 = -T1zzpr:?r-"'ﬂmi"-g :”tf- '
Si detectors (others still blinded) | uriace events from
_ calibration source
¢ 1.25 kg of Ge, 0.4 kg of Si

¢ 72 live-days WIMP-search data

*“Opened the box” on March 31,
2005

‘Pre-designated “primary”

analysis lh]ﬁ

+ Similar to timing cut used e R
phonon delay + phonon risetime

previously, but better rejection e

4 “secondary” blind analyses
with more sophisticated
techniques, better rejection of
backgrounds

neutrons from
calibration source

Ge cut efficiency

10 20 30 40 50 60 70 80 90 100
Recoil Energy (keV)

CDMS 2005 Rick Gaitskell



In Situ Calibrations for Setting Cuts “Blind”

Second run’s calibration
data, prior to timing cuts
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Estimating Expected Background

Count number of events in * Multiply by leakage fraction of

signal region prior to timing cuts  ow-yield multiple scatters
+ Varies from 1% to 3%

Ge co-added events before timing cuts depending on detector and data

S sample
. Low-yield multiple.scatters
E B \‘
2 0 Cut
S a5 (Set before |
2 looking at
.CNU ar ’|[ this data)
C
="k 5t 14 of 621
S I 15 o leak past
A 222325291 g e Y e,
% 10 20030 40 =0 B0 70 a0 80100 # ® - = 0 R 5 8
Recoil Energy (keV) Scaled risetime + delay time

A. Reisetter
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Estimating Expected Background

Count number of events in
signal region prior to timing cuts

Ge co-added events before timing cuts

o '
%{ = = g

®
% B Mo W
%o 4

ke
2
>_
C
i)
©
N
C
(_D .
};:xxx 3 EA 15
gxx
a / I - L | xl XZZ/Z3425/|29/Z11

0 10 20 30 40 a0 &0 70 &0 g0 100

Recolil Ener keV
A. Reisetter 9y )

Multiply by leakage fraction of
low-yield multiple scatters
+ Varies from 1% to 3%

depending on detector and data
sample

PRELIMINARY ESTIMATE:
0.37 £ 0.20 (sys.) = 0.15 (stat.)

misidentified electron recoils

¢ Estimate and its errors are still
under scrutiny

+ leakage estimate would not
influence an upper limit, but is
crucial for present and future
“discovery potential’

~0.05 recoils from neutrons
expected after veto
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1.5

WIMP-search data

Prior to timing cuts

1.5

—_
(@)

lonization Yield
o
(@) ]

0.0

<%x10.4 keV Gallium hin€

*

C 1 Z21731Z5/29/Z11

lonization Yield

o
o

0.0

0 10 20 30 40 50 60 70 80 90 100

Recoil Energy (keV)

-
o

After timing cuts, which
reject most electron recoils

©

(ba

Z2173/25/79/711

~~—

1 near-miss

0 10 20 30 40 50 60 70 80 90 100

Recoil Energy (keV)

PRELIMINARY ESTIMATE: 0.37 =
0.20 (sys.) £ 0.15 (stat.) electron recaoils,
0.05 recoils from neutrons expected
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Resulting Experimental Upper Limits

90% CL upper limits assuming +Upper limits on the

10

[E—y

-}
i
[a—

Cross-section [cmzl (normalised to nucleon)

[—

)
B
(]

~
(b3

= p50414]93101 ,

Soudan 2-
tower run

40 standard halo, A2 scaling

http://dmtools.brown.edu
Gaitskell&Mandid

DAMA Nal/1

S

o
-

10"

— 2
10”
WIMP Mass [GeV]

WIMP- nucleon cross
section are 2.5x1043 cm?

for a WIMP with mass of

60 GeV/c?

¢+ Factor of 1.5-2x below
CDMS Soudan 1st run
---blind - - -
eeecurrente e

. -Excludes large regions of

SUSY parameter space

» | under some frameworks

3 Bottino et al. 2004 in

il Kim et al. 2002 in cyan

| *What can CDMS say

about low-mass region?
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1st Year CDMS Soudan Combined Limits

90% CL upper limits assuming .upper limits on the

10

Cross-section [cm”] (normalised to nucleon)

10t

Combined S
limits
43

1 0 30414103501

! standard halo, A2 scaling

Gaitskefv(mdié
DAMA Nal/1 |

http://dmtools.brown.edu

10"

WIMP Mass [GeV]

WIMP- nucleon cross
section are 1.7x10-43 cm?

for a WIMP with mass of
60 GeV/c?
+ Factor of 2.3x below
CDMS Soudan 1st

run  ---Dblind---
eeecurrente e

¢+ Factor 10 lower than
any other experiment

{ *Excludes large regions of

SUSY parameter space

41 under some frameworks

4 Bottino et al. 2004 in

M Kim et al. 2002 in

CDMS 2005

Rick Gaitskell



Is the Candidate Event Just Background?

*Very likely so!

. i
*Event occurred during 1.4} Ba calibration for comparison -
. + . + . o” . + ”l +*
run when its detector, ‘ Coe L T Co :
' PO * + * o, + o+ M T
Z11, suffered reduced 1 I A
. . . . " - W . *”’¢.” . ‘ + ‘. + e ”0’1’ ’; :”
lonization yield Y B e R e s Bl G g
. ;:* %‘,%;‘:”é‘”*.’: é‘; + .,, ‘ % a s:z*{:; ..3: ‘o‘”‘: t&%%
+ Worst run for this R RS A A SR R R i,;m, v ;;;é:&; ERSAT
© RIS Sttt SONREPAE LA A Mt 0 SRS 8
detector '>__ ~h.: : . ',; K 0:; ?: :.: o‘ :;:‘ ’o .0 z‘;t» e s ‘:: ” f’. .
*In hindsight, our cuts S 08l g g iy el o4
on bad data periods = A L
for single detectors N oggp e, e o P
weren’t strict enough o C el e .. P
.o ‘e * At
+ Some other 0.4+ . , . jAutomatlc
detectors, without « .o % % i LED flash to
candidates, had ool o : * » !reneutralize
Slm.llarly bad ) . . idetectors
periods ) * o i
. . B 1
*Will improve for next Candidate |
run :
02U | | | | |
15:00 16:00 17.00 18:00 19:00 20:00

time (hours) R.W. Ogburn
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Will CDMS |l be background-limited soon?

*No!

*More sophisticated analyses show better rejection of electron recoils

«Additional discrimination 200 — IOne Iexamlple oflseverlal lesked
parameters —
+ Ratio of energy in sensor |} — optimzea cut |

with largest signal to

energy in sensor with Surface events from

smallest signal 200r||  calibration source
+ Still crude but improved .
reconstruction of event 3 1%0¢
position
*Better combining of 100[ o
parameters neutrons from calibration
¢ Form %2 including 507 SOUree T
correlations amongst %
parameters ol A - - - - - -
. 0 50 100 150 200 250 300 350 400
*Yet more improvements to th -
come R. Mahapatra, J. Sander

*Can also greatly reduce leakage by slight tightening of cuts
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Projected CDMS Sensitivity

7 —

Installed 3 additional
towers in November

"~ http://dmtools.brown.eduj
Gaitskell&Mandig

X
s
X
X
X
X
X
X
X

%

1*Additional improvements
+ Cryogenics,
backgrounds, DAQ

¢ Currently commissioning

f°30 detectors in 5 towers of 6

o 4.75kg of Ge, 1.1 kg of
10‘44 P50414200101 Sito run through 2006
1

10 107 » Improve sensitivity x10
WIMP Mass [GeV]

CDMS 2005 Rick Gaitskell
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Supersymmetry Reach

—
-
A~

—h
o

- Published CDMS 11 limit
PRL 93, 211301 (2004)

CDMS Il goal (end 2005)

Kim et al. 2002 in yellow
(MSSM scan)

Baltz & Gondolo 2004 in
cyan (MSUGRA), in green
(" w/WMAP constraints)

Battaglia et al. 2004 in red
o (post-LEP benchmark
points)

Guidice & Romanino 2004
X (split SUSY)

Pierce 2004 dots (split
SUSY)

SI WIMP-Nucleon Cross-Section [pb]
o

NS ey
O §
’ o0 5
-10 X
10 * 2

© O

-12 O
10 1 2 3
10 10 10

WIMP Mass [GeV]

" 4 *Many model frameworks
10 10%-10-1° pb (especially
if g, -2 is due to SUSY)
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SuperCDMS Reach

Schnee et al, astro-ph/0502435
4 Brink et al, astro-ph/0503583

— 10 Published CDMS I limit
g PRL 93, 211301 (2004)

5 ; CDMS Il goal (end 2005)
210

47 SuperCDMS Phase A
2 - “— 25kg of Ge 2011

O (RN “% e SuperCDMS Phase B
e L, - o —

o 10 B & %%%Wﬁfﬁ e e 150 kg of Ge 2014

= VA D e é,..--" .| —— SuperCDMS Phase C
5 VN T O P 1000 kg of Ge

[= 10] N e =" o

2 10 AN y Y __,-""%g

o RS, P « Maximize

= discovery

= 10-12 1 " R Eotekntial b)ét]zeing
— 1 > 3 + background-free
ZINT) 10 10 10 J

WIMP Mass [GeV]

at each phase
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Maximizing Information for Discovery

« Background discrimination good enough for zero
background with several handles on systematics

« Segmented detector (ton to be divided into ~ kg pieces)
¢ Excellent sensitivity to multiple-scatters

« 3D position information within each detector
+ Z information relatively weak but ways to improve greatly

« Excellent energy resolution
* Low thresholds (small “quenching”) allows us to require

positive signal for both energy measurements
¢ Immune to detector heating, microphonics, crackophonics, stray
light, etc.
« Alas, no directional information

¢+ Zero background makes control of systematics for finding annual
modulation much more tractable

CDMS 2005 Rick Gaitskell



Remove Muon-induced Neutron Background

Muon Flux (m-2s1)

e
10 — WIPE
N Kamioka
mL |
ran Sasso
10° - HomestakNeL Bakean
N Mant Blanc
.,, \
107
NUSEL Homestake udbi
Mount San Jacinto =~
1“‘ = | MUSEL Soudan

= = i ST L EEL HE

2 2 & B 85 7

Depth (meters water equivalent)

Move from Soudan to
SNOLAB
+ Reduce muon flux by 500x

+ Reduce high-energy neutron flux
by >100x -- problem gone

+ Worry about neutrons from
residual radioactivity only

MINING FOR KNOWLEDGE
CREUSER POUR TROUVER... L'EXCELLENCE

The EAC has reviewed your LOI and endorses it highly as a project appropriate
for SNOLAB based upon its exceptional scientific merit, the technical accomplishments
achieved to date by the CDMS collaboration, and the well defined program to proceed
towards the[SuperCDMS]project.

CDMS 2005

Rick Gaitskell



Photon and Electron Backgrounds

Photons | Electrons
Current raw rate 5x107 |7x10°
(events/ exposure)
[1000 kg, 500 days]
Published rejection | 106:1 130:1
Rate after rejection | 50 500
In hand 20 200
Improve analysis 3 50
Improve detectors | 0.5 3
Reduce rates 0.5 0.5
SuperCDMS Goal |[0.5 0.5

*Improve rejection

¢ in hand: better
phonon-timing
cuts give =350:1
rejection

¢ Dby further analysis
improvements

¢ via improving
detectors
Reduce raw rates
via better shielding,
cleanliness

CDMS 2005
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Conclusions

« CDMS Il at Soudan (2003-2006)

+ Run of first tower of 6 detectors is fully analyzed

- World’s lowest limits by 4X increase in sensitivity

- Incompatible with DAMA for scalar coherent interactions, standard halo
+ Analysis of run of towers 1 and 2 nearly done

- Still no signs of WIMPs

« Limits now 10x lower than any other experiment

- Starting to probe mSUGRA region

 Also world’s strongest constraints on SD WIMP-neutron coupling,
additional constraints from results of silicon detectors

+ Towers 1-5 to be run this year, through 2006
- Tremendous additional reach: up to 10 times lower than current limits.

« SuperCDMS (2007-)

+World’s best discrimination can allow WIMP physics at ~10-4% cm?

- Modest improvements needed, can be shared between improved
discrimination and background reductions

- Construction requires significant development but appears achievable

CDMS 2005 Rick Gaitskell



10

Fitted Mass [GeV]

10

Undergraduate Senior Thesis, Brown

10 events above threshold

DM Mass From Direct Detection

Constant # of Events Above Threshold

050421_5

1000 events above threshold

107}

|

3 050421 _5
10 T

=

D

3

W

g 10t

=

g

Z

E
Actual Mass Actual Mass
68% Confidence: Xe 68% Confidence: Xe
68% Confidence: Ge — B8% Confidence: Ge
68 Confidence: Si 1 — B8 Confidence: Si

Wimp Mass [GeV]

f|
10°

10 10° 10’
Wimp Mass [GeV]

- Comparisons above assume same # of events in each experiment,
(not constant cross section)

- At all masses, more events -> Better sensitivity to M,
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