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At a Mine’s Bottom, Hints of Dark Matter

By DENNIS OVERBYE
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An international team of physicists working in the bottom of an old

o ] ) (€] TwiTTER
iron mine in Minnesota said Thursday that they might have

B siagniNTOE-

registered the first faint hints of a ghostly sea of subatomic particles MAIL
known as dark matter long thought to permeate the cosmos. B PRINT

@®, Enlarge This Image The particles showed as two tiny @ REPRINTS

pulses of heat deposited over the b/ sHARE
course of two years in chunks of ATIELE TomLs
germanium and silicon that had been M
cooled to a temperature near absolute Fe)sTVa =iy Viu

zero. But, the scientists said, there was N SELECT THEA
WATCH TRAI

more than a 20 percent chance that
the pulses were caused by fluctuations in the background
radicactivity of their cavern, so the results were tantalizing,
but not definitive.

Gordon Kane, a physicist from the University of Michigan,
called the results “inconclusive, sadly,” adding, “It seems
likely it is dark matter detection, but no proof.”

I

- Dr. Kane said results from bigger and thus more sensitive
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Outline

e Dark Matter Direct Detection General Technique

e Cryogenic Dark Matter Search (CDMS)

e G2 (10*5cm?2) 100kg SuperCDMS, G3 1.5ton GEODM
e Other Technologies: Noble liquid, Bubble Ch

e The Technical/Funding Landscape and future
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Dark Matter exists ...

DARK
75% ExeRrGY 21% ﬂiﬁ‘m

l

4%

NORMAL
MATTER

Gravitatii

What is it made of? Can we detet it?
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Comoving Number Dens

Coincidence or Clue? A Convergence

1 Current DM Abundance
e i Explained by Massive 4.
:‘ Particle with Weak ¢

C.nn ~ Weak
- — 1
gives Q, = a

Compelling evidence to suspect LSP Y0 as the WIMP






Direct Detection

Goals:

* Directly Detect WIMPs as
Earth Ploughs through
the DM Halo

* Measure Mass and
Scattering cross-section . .

Challenges:
* Very low flux & rate

* Must maintain ultra low
background < few
events/year

Out there & may interact on earth!




Modern Chadwick Experiment

XO
’ Er~ n? v3/Img~ 10 keV

Slow Galactic WIMP Velocity provides

coherent (SI) scattering of Nucleons
)
Oo X\ _ « Recoil energy

4
C iconductor /

-
¢
+ 4 2-~10 keV nuclear recoil

~1600 electron/hole pairs




WIMP Differential Event Rate

My = 100 GeV/c?
gy-N = 1074 cm? ;
Xe |

WIMP Hunting

‘Weak Interaction G ~ 10-43cm?
‘Local halo density: 0.3GeV/cm?3
Spin-Ind. Coherence: A2 boost
‘Expected rate <.01/kg-day

Counts [#10 %/kg/keV/day]
S

Shield it! 1

0 50 100
Recoil [keV]

Low Background &Low Threshold
essential for believable Discovery



Different Particles, Different Interactio

P
. - ™
L
"
v = 7 # . -
"

Dense deposition v/ic ~ 10-3
Poor lonization Efficiency

L

WIMPs and Neutrons ’ S Sparse deposition v/c~.3
scatter from the

Atomic Nucléls _ B Excellent lonization Eff.

F =

Photons and Electrons
scatter from the
Atomic Electrqns

Recoil difference provides Discriminatioh




Discrimination: Detect
More Than 1 Signal 500 B S SR
d=) 80}
- BOF i @ STRRMIE e
IGEX, S
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N T N e
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|9| Nuc_ 5 |

10 2i0 3i0 4i0 5i0 6I0 7"() 8I0 9I0 100
Phonon Energy
ZEPLIN 11, 111, LUX,

XMASS, XENON10 CDMS, EDELWEISS
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NAIAD, ZEPLIN I % e“
DAMA ’ "el, <& CRESST,
PICASSO,
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Experimental Techniques
(alphabetic ordering)

Ge detectors
— CDMS

— CoGeNT
— Edelwelss

Superheated Bubble Technology
— COUPP
— PICASO

Single Phase Noble liquid Detectors
— DEAP/CLEAN

— XMASS

Two Phase Noble Liquid Detectors
— XENON/LUX

— WARP/ArDM

16



lonization vs Phonon Energy
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ZIP Detectors

(Z-sensitive lonization
7.6.cm diameter and Phonon)

1.0 'cém thick. || __ Phonon side: 4 quadrants of
e e | athermal phonon sensors
Energy & Position (Timing)

Charge side: 2 concentric
electrodes (Inner & Outer)
Energy (& Veto)

Operated at ~40 mK for good phonon
signal-to-noise 19






Anatomy of an event

) Q inner
£ Q outer
_3y— Hot charge carriers (3eV/pair) ) —

oV uasi-diffusive THz phonons

— Sensor A |
- Sensor B
= SensorC |

SensorD A

Digitizer Bins




e — — —

Phonon Sensors ~ — |,

N

I
I

4

TIEREE
SERRER

A REE

TES Rvs T

Al Collector ~ Z\é'ﬁ’agSition
Coopers. 0 ge Sensor
A =Y 0 0 (TES)

Pair @ 0,0

Temperature in mK

Sensors held in equilibrium between Normal and Super Conducting.
Highly sensitive to small energy deposit. Fast signal. SQUID Readout



250

200

150

100

50

Excellent Energy, Position Resolution

Detector Calibration at Berkele

15

1OF s

— =

Cld109l:
y 22 kev

i.c. electr 63, 84 KeV

20

40 60
Energy (KeV)

80

100

120

-
13;] (=]
(=] (=] o

0

Lh

300

2501

2001

1501

Am241 . |
v 14, 18, 20, 26, 60 kev

L n In_a& ! L Me n

250

200

150

100

50

20 40 60 80
Energy (KeV)

Cd199 + aj foil :
y 22 kev

20 40 60 80 100
Energy (KeV)
23



t

Excellent Primary (y) Background Rejection

lonization Yield vs Phonon Recoil Energy

15 . . , , , | , | Radioactive source data
define signal/background

Yield = Ionization/Phonon

> 1:104 rejection here

Neutrons cause
nuclear recoils too!

/Phonon

ion

gt%fé%%%rd Underground Site )

1Za

Ion

/Oroville (USA)

- O = N W

- Soudan (USA)
\/ Kamioka (Jaoan)l per

- / Boulbv (UK)
/ ,Gran Sasso (Ilglyp
/Frejus (France)

<—Baksan (Russia)
< Mont Blanc (France)

-5 <—Sudbury (Cana
' <z Kolar (Indig)

1
N

1
w

Yield

10 20 30 40 o0 60 70 80 a0

Phonon Energy (keV)

Log;(Muon Flux) (m2s?)

1
®

-y

—

1
N

-80 2000 4000 6000 8000 10C
Depth (meters water equivalent



CDMS Apparatus Outside In

Surround detectors
with active muon veto

Use passive shielding
to reduce y/Neutrons

eLead and Copper for
photon

ePolyethylene for
low-energy neutron

Neutron background
negligible in Soudan,
for recent runs




What Does WIMP Search Data Look Like?

Ge co-added events before timing cuts

=
o
=
£

Yield rejects most y :

Background ~ 1 M events ¢&
o
l;

1Za

Few events in or
near signal region.

Io

—
—
i
}w‘: 5
o B
M
A
e
*
s

Hl

|
10 20 30 40 a0 &0 il a0 a0 100

Phonon Energy (keV)

Yield
™

Ionization collection incomplete for surface . Low

E-field at surface: e/h can travel to wrong electrode

= It can appear in low yield signal region (Yield=Ion/Phonon) 2°



ion Too!

Calibrat

lonization vs Phonon Energy

We see |

ABJaug uoneziuo|

20 60 70 80 90 100

40
Phonon Recoil Energy

Compton scattered electrons provide us with calibration sampfé

20 30

10



1.0

0.5

B Rejection: Phonon Pulse Timing

Phonon Timing: Bulk & Surface z2

mSurface events () have fast
arriving and fast rising pulses

BUse both delay and risetime to
discriminate sianal/backaround

14 I T T T T
* Surface Event .

* Nuclear Recoil

0 20 40 60
Time [ps]

80

100




WIMP Candidate: 7
Blind Analysis

All cuts set blind, using calibration data only
eIn good Fiducial Volume

lonization Yield

eIn the Nuclear Recoil Band
eNot surface event: phonon timing cut
eNot a Multiple Scatter

10 20 30 40 50 60 70 80 0 100
Z2 Phonon Recoil Energy
14 I T T T T
*  Surface Event

+  Nuclear Recoil
13 7

121

10F

Phonon Risetime

14

Phonon Delay



2007: 0 Observed events

1.5 . - . —
- + I .
+, + | N .
__+++ 1-.|-.|- -||- ' |+ i
-.E':_F-I- __+ | ++ + 4+ "= +_|+_ + H I +
'+|+:—'+ T " —— _H_I—*—.:+
G B + & o M + T
z 1 At SRR SR T
= + Y + Yy L, E Y
E; . v
S
p i
- |
g X 0 Observed Events
= 0.5 i+ * |
L]
i
|
|
|
/'/’"
. |
ﬂ ] 1 1 1
0 20 40 60 S0 100
Recoil energy (keV) 30

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



No background in Last Few Runs

 Zero observed events in 2005 and 2007 results

 CDMS strives hard to keep almost zero
background, independent of the exposure, by
tightening and improving the rejection criteria

* Always keep expected background to ~.5
events to maximize discovery potential

34



Future: Stay Background Free

{10
nio suhracion ':
ﬁ WIMP mass = 60 GEI"HDE = —=background subraction 1
A2 o= o= S0 h.ll.' '-.' "'rll.l'!'l'l

ﬁ 10 B 1 '
<. T1 Jan 04 >
E  |comsm N\ Currentlimit T1-2 Aug04 | ¥
: 1 4 1 " E

& L1g7 48
g x120 | 2

= CDMS 2007 @

= _ r [=]

o 15 m - r—

E 107" E
5 E

o =

Hj 45 T T

E 10 ~ -

SuperCDMS 150kg
107" - ; , |
10' 1 17 16" 10°

Raw Exposure MT kg days

Takes years for detector technology to matuse!



Background Identification | — |7

CDMS detectors stacked with no spacing.  multiple scatters. B

*Check shared energy! Dramatically reduces combinatorics. 22

Individual Spectrum - Shared Spectrum

10 20 30 40 50 60 70 80 90 100 0 ll
Phonon Recoil Energy in keV 18 38 58 73

WO
]

beta+X Summed Energy in keV
Peak in Spectrum! Find radioactive source to be 21°%Pb from Radon D%%ay



210Ph B~ decay

210Pp

22 yr Endpoint 16.96 keV

B.R. 84+3%
Measurement OK

Endpoint 63.6 keV
B.R. 16£3%
2 measurements, 1956-7
Quality not great

210B;j

39



210Bj* decay: mostly Internal Conversion

Per 219Pb decay
210B*
<3 ns e’ Campbell, J. Phys. A 36,

e 30.15 keV 3219 (2003) Literature Review

45.7 keV S57+2% e- Nucl. Data Tables A4, 1 (1968)
4.3+1.4% Nucl. Data Tables A6, 235 (1969)
30.83 keV Nucl. Data Tables A9, 119 (1971)
y 601020/0 Atom. Data. Nucl. Data Tables A81, 1, (2002).

e e e
46.539 keV| ) o\ oul 46 kev I 33.12 keV

4.25+0.04%| 16+5% o.9io.3%—\L 0.50+0.02%

Tol LT =75 \
.3

24.6+0.8% emit
210B; —\LLL Flourescent x-rays

M N Nop.. Mostly Auger
electron emission 40




Background
Identification

Major success with correlating a and 3
rates, nearest neighbor double scatters

~75% of our contamination is 2'°Pb (Rn
daughters)

=> Already reduced by improved
handling. 3X lower background

TZE5

Counts/d ke

- Quter Alphas

-

'I:l 1 : FI 1 1 Irl 1 1 I-II

1 2 3 4 4] il Fi 2] ]
Surn of Integrated Phonon Enargy [Me\f]

10

_ I I I I
=

o 210pp beta peak | |
i
40 II'-H
\
Eﬂ;— }/}/{ \1‘ | | +’
. LN
ﬂlu'”+3lnl '56"'?;}"'911'

Observed 45 keV NND B detector pair

Nearest-Neighbor Double-Scatter Beta-Beta Event

Energy Sum [keV]

Fedrson ko = WU.YLD

i | & | )
Do - A
15 - S
; 7 _
ok 7 )
[ D sy :

g

0 _Llr4/]/ L Il__] .................... Locoiiiaas 41 llllll I l__
0 10 200 20 A0 ot

Observed NND a’s per detector pair 8




Rejecting Remaining 3 background

Improved surface event cut 3%
assigns a probability of an

event being like a signal or 250t

background, based on 2

We can tell how likely the
candidates are to be WIMPs

200

100

50[

1 1 1 1 1 — hetal
— neutron
-g — optimized cut
-
o
| &
(o))
=
o
("]
(4]
Signal
50 100 150 200 250 300 350 400
rh-m
2 2
Xp — Xn

Signal Likelihood increases —
43



Recent Result!



Surface Event “Leakage”

3 independent sidebands for estimating the passing/failing ratio

SIDEBAND 3
SIDEBAND 1 SIDEBAND 2 ] ]
Use singles and ste %nglelsbanil_ mu_It|pIgds
Use multiple- - ) ] rom ba calibration in wide
scatters in NR band multiples Bust outside NR region
and
. SER o brrect for systematic effectssiss sy i i b ]
ue to different distributio .
Y I in energy and face_ 1|
2 2 uy
'E g‘ I“‘” oS -:. i ,.xirﬁ?- L :u * x f M
- 0.5t 0.5'[\0’ '-‘: “xw = x m-x___,--.__'_:u_____:
R A
i 'i:t..__h x T - * *
00 20 R 4:0.1 (6ll<.0\f] 80 100 “u” 10 20 30 _46"-5'5-"2;'"-,%"'33"3'6"11")
ecoil energy (ke

Recoil Energy (keV)




Open the Box: Look at blinded region

We unblinded the signal region November 5, 2009
1.5 r

Ionization Yield

0.5

0 10 20 30 40 50 60 70 80 90 100 47

Recoil Energy (keV)



Ionization Yield

Open the Box: Before Timing Cut

We unblinded the signal region November 5, 2009

0, 0l SR AN '

40 50 60
Recoil Energy (keV)

80

90

100

2

*+ Surface Event
* Nuclear Recoil

Phonon Delay

48




Open the Box: After Timing Cut

We unblinded the signal region November 5, 2009
1.5

Ionization Yield

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

49



Comments

The poisson probability to have observed 2
or more surface events with an expection of

0.6 (not accounting for uncertainty) is:
12%

The observation of 2 events is consistent with
background estimates made before unblinding.

However, our detectors provide
numerous info on each event which
can provide detailed likelihood of each
event being a signal or background like

Not just a binary answer, actual prob for each event



Data Quality Re-checks

Data Quality Item Result
muon veto performance v’ good
neutralization v good
KS tests v’ normal
noise levels v’ typical
pre-pulse baseline rms v typical
background electron-recoil rate v’ typical
surface event rate v typical
radial position V' well-contained
single-scatter identification v good
special running conditions Y o
operator recorded issues v no 1°




Reconstruction Checks

Candidate 2 (on det T324)

100—

phonon chan
A
phonon chag

phonon chag

.. inner
ionization

. . outer
inonization

/

Close
to iy

1a-

i L1 Ll | P . LT (] | 1
0 200 9 600~ 500 1000 1200 1400 1600
-~

/ S~

1800 2000
ADC bin

-~

fit

I AR AT AT R R
107420 460 480 500 520 640 66D 580

ionization and phonon energies look
good, phonon timing looks good...

4360

x2 of the fit

440

What is
the true

4320

Eﬁ_lllllllllllllllllllllll

4300 start
J_ 11 J_ 171 J_ 1| H
48 a8 P 785 500 55 510 A7)
ADC bin




Detailed Timing,
Charge, Phonon

Energy Likelihood

Candidate in T1Z5
77%0 probability of NR
<.9% probability of ER

likelihood ratio distributions for T1Z5

probability
=

Jl_lrll—lll_lr
2 4

0.3

1

T
——Nuclear Recoils

i |_| 1

-2 0 2 4
log( Likelihood{NR)/Likelihood(Beta) )

LI}
log( Likelihood(NR)/Likelihood{Beta) )

Candidate in T324
68%0 probability of NR
<.5% probability of ER
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Final Comments on the 2 Events

At the same time, the significance of 2 events on
top of half event expected background is not high.

59



90% C.L. Spin-Independent Limit

-41

\
'|L h
. { [l Ellis 2005 LEEST

: Roszkowski 2007 (95%)
A WARP 2006

{ ZEPLIN II 2007

%  ZEPLIN III 2008
| + EDELWEISS 2009

1 = = = XENON10 2007

T - CDMS Soudan 2008
s CDMS 2009 Ge
| = CDMS Soudan (All)

------- Expected Sensitivity

v, LKP 2008

10 'I. ll.ﬁl IIIIII! T i) Illlll:

[em?]
5

S1

-

In the presence
of 2 events (no
bg subtraction):

CDMS Combined
Soudan Data @WIMP
: mass 70 GeV
10_44 | L N c = 3.8 x 104 cm?2

o
ml 1“1 3 (90% C.L.)60
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Future: More Data, More Detectors
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CDMS R/Evolution

-42

10 :‘ " b 511
CDMS, Soudan (4kg) Y ]
3”"x1cm 0.25kg | "\_
2 Yrs, 16 dets=1700kg-d BET R - 1
SuperCDMS, Soudan (15kg) Ll _
) — 10 " - N ngg - =l
3”x 1” iZIP 0.64kg E E L N e 9
2 Yrs, 25dets=8000kg-d |© .~ 15kg @ Soudai -.,'-._5:.;.'.: . j‘
o 10 45 / 4
SuperCDMS, SNOLab (100kg) / :
4”x 1.33" iZIP 1.5kg -46 [ (/,’,’/1 00kg @ SNOLAB
2 Yrs, 70dets=100000kg-d 10 -~
GEODM, DUSEL (1500kg) 1077 1.5T @ DUSEL | »
= 10 10° 10°
6”x 2" iZIP Skg %" Mass [GeV/c?]

2 Yrs, 300dets=1.5M kg-d

To reach the goals :
* inCrease mass
- decrease background leakage




SuperCDMS Detector: Bigger is Better

{f ) —> J

.25 Kg Ge

.64 Kg Ge

*Cost of production/testing
*1/3 less per Kg. mass

-Background dominated by |
surface . Reduce surface/volume
*1/3 less per Kg. mass

*One SuperTower taking data |
‘Two more to be installed soon |

Dark Matter sensitivity scales as mass. Problems scale as surfacéfarea



Detector Revolution: iZIP

e - Complex E-fields encode Position
NN information. High field at surface
s g improves ionization collection of 3

’
’’’’
________________

y ’
/ 7

Ve 0y o Allternating Lines at Different
77N NN Potentials (*=2V/0V)

LY \
. \
SR ALELALAL AR RLRAR AN AR
\\\\\\\\\\
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WY \

'
44444
.........

\
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llllllllllllll

ppe e e e e e e e e e Background rejection ~ an order of
HERHRHRRTRIIN = ‘il magnitude better than needed
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f /)
]
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surface and bulk events experience
different electric fields



tion yield performance lonization symmetry/asymmetr
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SuperCDMS Soudan W|th |ZIP

m_

« Fabricating 5 towers of 5 iZIPs
(640gm each detector) for Soudan

— All 5 will be installed by end of

s

. |nstallation of 2 regular ZIP towers L
(already built) and 1iZIP tower (total |
10kg) end of year g w0

WIMP Mass (GeV/c?)
— Phasing out CDMSII towers (2509)
« EXxciting results next year
— Extremely low (3 background
— Probably limited by neutrons in 2 yr
— Go to SNOLab 71




SuperCDMS 100 kg: SNOLab
Strong endorsement by Part. Astroph. Sc. Adv. Group (PASAG) 2009

5 '_r:-surface
_ |—suF (usa)
T CDMS 1
. go OROVILLE (USA)
100kg total mass: bigger — |
i1ZIP (4"x1.33", 1.5kg) EY IMB (USA)

/ SOUDAN (UsA) CDMS I

ligibl q e "'(:"2_ KAMIOKA (J(APA;q)
N igi radi tiv BOULBY (UK
€gligible radioactive S-31— / ORAN SASSO (ITALY)
cosmogenic background = /  HOMESTAKE (USA)
\_54 Z/FRE«JUS ( FRANCE)
= BAKSAN (USSR)
el MONT BLANC (FRANCE)
— ——— SUDBURY {CANADA)
-6 — SuperCD —— KOLAR (INDIA)
..7 —
. l I | 1 |
0 2000 4000 6000 8000 1000¢

-Sensitivity reach 10/-46 Depth (meters water equivalent)



SuperCDMS in SNO Lab

SuperCDMS .
25 kg Experiment e



GEODM AT DUSEL (7400)

transition from cavern cryo/vac eqpt room

shield and cryostat

control room @5.6m x 5.6m

rollup door for
construction access

DAQ/electronics room

detector assembly room
class 100 6m x 4m x ém *

(detector can shown) shield lid storage 7



GE Observatory for Dark Matter
GEODM Ton Scale DUSEL

e Current mass of detectors : 5 Kg. Need 1500 kg!
e Current production rate is 1 detector/month. Improve by 10X
* The responsibilities are with Texas A&M and SLAC/Stanford

e Streamline detector fabrication (remove need for individ-
e Testing is more expensive (time wise, marchin-

’
5 ion,.
Only random sample testing if variability * ue I ' 'ty ion
is5° pil
(2"
Ctu «eposition at TAMU

 Mass production with industrial ~ ,cal

ta

« Already demonstrated - rit
e Increase detector size. Few n u ..1ake and test. Economy of scale

 Berkeley/Minnesota e m a gger wafer procurement and testing



Other Direct Detection Technologies

88



EDELWEISS: Ge with Thermal Phonons

*Thermal Phonons with ms timing (unlike pys CDMS)
*Easier to fabricate than CDMS detectors

*New detectors interleaved electrodes for alternating
electric field for better surface charge collection

*5kg total mass (400gm detectors in latest batch)

Bolometer
support

Electrodes




WIMP search last results (May 2010)
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4+ Preliminary result : 1¢t analysis with same cuts as first & months; 2r¢ analysis ongoing
+ x2improved sensitivity in o, (scale with stat): best limit 5x 10 pb at My, ~ 80 GeV

+ 3 evis near threshold in NR band, 2 outliers (1 @ 175 keV in NE band)
...background starts to appear 2

I 1

A. S. Torrento - CEA/IRFU



Noble Liquid Status 5

e Single Phase Detectors: Rely on self shielding + position I
reconstruction/pulse shape discrimination (Ar):

— No event by event discrimination (somewhat in Ar)
— XMASS (Xe): 100kg fiducial (Japan) .
— MiniClean (Ar): 150kg fiducial (Construction in SNOLab) |1
— DEAP-3600 : 1ton fiducial (Approved) |
Dual Phase Xenon: Self shielding + $2/51

*Dual Phase Argon: Self shielding + S2/S1

85Kr (B source) + diffusive background such as Rn
Event by event NR/ER discrimination

Light collection efficiency at low energy is uncertain
Xenon100: 30 kg fiducial (Operating in Gran Sasso)
LUX: 100kg fiducial (construction in Home stake in 2011)

*39Ar is a major issue. Last run limited by background
*WARP: 140kg fiducial (commissioning in Gran Sasso)
*ArDM: 500kg fiducial (commissioning at CERN)

e =
ol § o



Dual Phase Noble Liquid (Xenon/Ar)

EPrompt scintillation (S1) from recoil. Delayed WIMP or
scintillation (S2) from ionization Neutron

ENuclear recoil has reduced ionization. Hence lower S2

S1 S2 ( \
' nuclear
WIMP ~ grift e recoil
N Gamma or
=1 52 Electron
T //.‘-P—-—'-\‘\
drift time : )

(S2/51)

wimp << (5257 ) garmms electron\
recoil o4

Bottom PMT Array



XENON100

Goal (compared to XENON10):

* increase target x10

* reduce gamma background x100
— material selection & screening
— detector design

Quick Facts:
« 161 kg LXe TPC (mass: 10 x Xe10)
* 62 kg In target volume
» active LXe veto (=4 cm)
» 242 PMTs (Hamamatsu R8520)

* improved Xe10 shield
(Pb, Poly, Cu, H20, N2 purge)

Marc Schumann, UZH



First XENON100 Nonblind Data

Radius [cm]

» Background data taken in
stable conditions
Oct-Nov 2009

* 11.2 life days
» Data was not blinded
» But: Cuts developed and

optimized on calibration

Radius® [cm?] data only

» accepted by PRL
arXiv:1005.0380

Z [em]

* Energy cut: <30 keVnr

* make use of excellent self-
shielding capability of LXe

* 30 Kg Fiducial Mass
Marc Schumann, UZH



10

Alog, (S2/S1)

XENON10 vs XENON100

XENON100 accepted by PRL, arXiv:1005.03¢&

XENON10 PRL 100, 021303 (2008)

III|III|II'I|III|III

@

u;lzrdai.‘eu: plot W th new L'efr values

o
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E [keVr]

« Background free in 11.2 days
after S2/S1 discimination
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* Both plots show similar exposure

Marc Schumann, UZH
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Limit (Not Blind
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e = back at the sensitivity
0= N, E frontier.
- . This is just a first glimpse!
10 = XENON100, Lower 906 CL. Leff = We have much more
= XENONI100, Global Leff Fit : (blinded) data waiting
10-45 Lo L L Lol ‘L 1..0 I:Ie anaIyZEd
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spectrum averaged exposure: 170 kg days

Marc Schumann, UZH

Results accepted by PRL.
arXiv: 1005.0380



Xenon100 Current Status

E‘- | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |
8 140
E ol Last run stopped in June to
- - purify limiting 85-Kr background
100| 100 live days — ]
8ol N
60F ]
- blind
10F ]
20} unblind Z
I Am/Be Co ]
{}ML:F—"‘F i T T T

OetfX? Moo Dheci i Junf23 Fehi24 Mar/26 Apri25 Mayi25 June'24
We are starting a run through the Kr-column in order to purjfy.for
85-Kr, which dominates our background (after the active veto cut).
We hope to start the next run, with lower backgrounds, by the end

of October or beginning Nov - Laura Baudis
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The XENON Program

XENONT1t

2011-2015

studies in progress
technical proposal
submitted to LNGS
2008-2011 end of April, 2010

taking science data

2005-2007

Dr‘lgﬂing Columbia, Zurich, Coimbra, Rice (Mainz), LNGS, Minster,
MPIK, Subatech, SJTU, UCLA, Bologna, Torino, Nikhef

Thursday, August 26, 2010



Surface assembly ongoing, Underground assembly in 2011

LUX Dark Matter Experiment - Summary

 Brown [Gaitskell], Case [Shutt], LBNL [Lesko] , LLNL [Bernstein],

Maryland [Hall], Rochester [Wolfs], Texas A&M [White], UC Davis
[Svoboda/Tripathi], U South Dakota [Mei] , Yale [McKinsey]

+ XENON10,ZEPLIN Il {US),CDMS; v Detectors (Kamland/Superk/SNO/Borexino); HEP/y-ray astro
+ Also ZEPLIN Il Groups in next phase

+ (o-spokespersons: Gaitskell (Brown) / Shutt (Case)

¢ 300 kg Dual Phase liquid Xe TPC with 100 kg fiducial

+ Using conservative assumptions: >99 4% ER background rejection for 50% NR
acceptance, E>9 keVr (ER rejection 1s energy dependent)

(Case+Columbia/Brown Prototypes + XENON10 + ZEPLIN II)
+ 3D-imaging TPC eliminates surface actvity, defines fiducial

* Backgrounds:

¢ |nternal: strong self-shielding of PMT activity

- Can achieve BG y+p < 8x10* /keVee/kg/day, dominated by PMTs (Hamamatsu
R8778).

* Neutrons (c,n) & fission subdominant

+ Extemnal: large water shield with muon veto.
» Very effective for cavern y+n, and HE n from muons

» Very low gamma backgrounds with readily achievable <10-"! g/g purity.
e DM reach: 7x104¢ ¢m?in 10 months hﬁpffwwwluxdarkmatterorq

EWaW.|

LUX Collaboration . 1 July 2008 2 Rick Gaitskell, Brown University, DOE

2




Two-phase Argon Detectors

WARP at LNGS ArDM at CERN
WIMP target: 140 kg LAr WIMP target: ~1 ton LAr
- S1 and S2 read-out with 41 x 3" PMTs - 51 read-out with 14 x 8” PMTs
- active LAr shield: ~ 8t, viewed by 300 PMTs - direct electron readout via LEMs
(thick macroscopic GEM)

Detector had been installed in December 08
Some technical problems with HV
Now again under commissioning at LNGS

Detector is being commissioned at CERN
Underground operation: L'S CGanfranc in 2011
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Integrated
light
signal

Gas-Lig
interface

Race
Tracks

Cathode

Log (S2/S1)

40-60 keV | — _ _
°£ 2.5 S >2.8x107 Triggers
Sty | S 1.5 i)
0.5 0.5 F s
0F - 05
0.5 0.5 )
- Eaaad I 1 1 l L ] -1 3 'y NP1 5 i ,'-"'.I Sl
041 0.2 03 04 05 06 07 08 09 01 02 03 04 05 06 07 08 0.9

(a) Neutron induced ion recoils

WARP: Liquid Argon
mSimilar technique as Xe: Prompt

and Delayed Scintillation

mAlready hit background with less
exposure than CDMS

EEnergy scale has a 3x
uncertainty! Need to address this

(b) WIMP Exposure of 96.5 kg - day
S T 40-60 keV

Pulse Shape Discrimination Parameter (F)

Pulse Shape Discrimination Parameter ( Fﬂ 06

M v 2



Single Phase Liquid Noble Expts
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XMASS (Lxe)

mini-Clean (LAr)
« XMASS in Japan

— 800kg LXe single phase
— 100kg fiducial

« Mini-CLEAN in SNOLab

— 500kg LAr single phase
— 150 kg fiducial




COUPP Bubble

Chamber

eDetection of bubble(s) induced by
high dE/dx nuclear recoils

—38|

eSet threshold to be insensitive to ER

=
=I
2

eLow cost room temperature

Spin-dependent proton cross—section {cmz}
=

eCurrently limited by Radon

l[.—:lll

eRecent acoustic rejection of a is e v v
very promising WIMP Mass (GeV)

101 G D T O 20 T [ PRL D bl i T ol e il il i




Low Mass WIMPs?

BSome models predict low mass

WIMPs from relaxed GUT scale
mass unification assumptions

HBLow Mass = Low Threshold!

mNoise level at ~ .1 keV

m\Well understood Background
m10.4 keV x-rays from 71Ge

m1.3 keV x-rays from 71Ge

Ray Bunker, UCSB

Ionization/Phonon

Yield

L Scktios, F. Donuts, 0, Forowoge, 3. Scopel (2003)
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Low Mass WIMP?
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lonization yield

lonization yield

CDMS Low Threshold &

W)
v

¢+ X-ray L1ne';;:’t*-:.
Electron .

.. _: L
Captures @' ;
: ,..5..'.;..1"..;..;_..;..;..'.....,....;._....1.',....;. R,

I]_

Lero

Ionization

Events

1

Recoil energy (keV)

CDMS Low threshold
analysis can cleary resolve 1
keV Ge activation line!

‘Threshold set at .5 keV

Reanalyzed Xenon 10 Reject This

¢38 low threshold analysis limit comparison

m— 38 low thresh

R21 low thresh
344089 Si
m=a3d4058 Ge
T CoGeNT exchaded

I D /1A allowed

[ ]CoGeNT allowed

[ IDAMA+CoGeNT 90299 CL

WIMP Mass [GeV/c?]



US PASAG: SuperCDMS + 2 G2 Experiments

Scenario A (constant level of effort at the Y08

In dark matter, the current world-leading program Is maintained, but worlg
leadership would be lost toward the end of the decade:
* Two G2 experiments and the 100-kg SuperCDMS-SNOLAE =nt

are supported. The technology selection for the G2 e ould
occur soon enough to allow the construction of at ls 52 experiment
to start as early as FY13.

* No G3 experiments can be started in this ¢
slowed, risking loss of U.S. world leads
picking the wrong technology, thi
G2 experiment.

Scenario B (constant level of £

rogress will be
swever, due to the risk of
e to descoping to only one

e FY09 level)

The current world-leadins
risk later in the decas
e TwoG2e
are

G

n dark matter is maintained, but with some

s and the 100-kg SuperCDMS-SNOLAB experiment

e technology selection for the G2 experiments should
-nough to allow the construction of at least one G2 experiment
S early as FY13.

, one G3 experiment can start in this decade. Based on what is

<nown at this time, to mitigate risk of picking the wrong technology, a
broad second-generation program is a higher priority than starting a
second G3 experiment.
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DUSEL Initial Suite of Expts. — Ton Scale

« GEODM - 1.5 Ton Ge

« COUPP — Bubble Chamber

« MAX — Combination of Lxe and LAr
 LZ (LUX and ZEPLIN)- 1.5 ton LXe

Conceptual Design for 7400 Level




SuperCDMS, GEODM Schedule

Actvity Name

2008

Sl=l=l=1=1=1=1=1=

ale[a]e]z]s[s][s]y]s]a[x]s]s]x]s]a

COMS I
Operations
Expecied Sensitivity

SuperCDMS Soudan
Detector R&D

Construction
Operations
Expecied Sensitivity

SuperCDMS SNOLAB
Detector R&D

Critical Design Milestones
cD-0

GD-1

cO-23

co-4
Construction

SNOLAB facility

Ge Towers
Operations

Full payload, § years

Expecied Sensitivity
Expected Sensiffvty

GEODM

Concepiual Design

Technical Design

Construction

Operations

DUSEL Construction Start
DUSEL 4850

DUSEL 7400

Expected Sensitivity = 2E-47 cm2

2009

2010

201

2012

2013

2014 2015

2016

2017

2018

2019

2020

2021

2022

© | 4kg, 4E-44cm2 |

T| 15 kg, 7E-45 cm? |

100 kg, 1

E-46 cm2

4

[ 1500 kg, 1E-47 cm2

2008

2009

2010

2011

2012

2013

2014 2015

2018

2017

2018

2019

2020

2021

2022




Generic G2 and G3 Sensitivity Reach

CDMS, Soudan (4kg)
3”x 1 cm 0.25kg

2 Yrs, 16 dets=1700kg-d

SuperCDMS, Soudan (15kg)

3”x 1” iZIP 0.64kg
2 Yrs, 25dets=8000kg-d

SuperCDMS, SNOLab (100kg)

4”x 1.33” iZIP 1.5kg
2 Yrs, 70dets=100000kg-d

GEODM, DUSEL (1500kg)

10

-42

1

““
i P s -
et i
------ bLYL

“. 15kg @ Soudaitsi. .

"~

-45 /

v
i
'
.....

..:11

6”x 2” iZIP 5kg
2 Yrs, 300dets=1.5M kg-d

46|
10-47_ 1.5T @ DUSEL | L
1 2 1
10 10

0 10 2
x, Mass [GeV/c"]
To reach the goals :

* InCrease mass
- decrease background leakage



LHC: The WIMP Maker
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Total Weight : 14,500 .
Overall diameter: 14.60 m
QOverall length : 21.60 m
Magnetic field : 4 Tesla




SuperCDMS Sen3|t|V|ty Reach
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Conclusions

*CDMS world leader in ultra low background experiment
e0 events in 05, 07 and 2 Events last run (20% chance of background)

eSuperCDMS,Soudan (16kg) and G2 SNOLab (100kg) with iZIPs
o3 rejection >100 times better. Exciting results next year from Soudan

¢G3: Ton-scale Germanium Observatory for Dark Matter (GEODM)
eFunded by DUSEL Initial Suite of Experiments (ISE) engineering funds
eRapid progress at TAMU for automated high quality detector fabrication

G2 Down select in 2011: Important in limited resources
*PASAG endorses SuperCDMS + 2 G2 experiments (which ones?)
oExciting New Technologies: Noble Liquids (Xe/Ar), Bubble Ch
eBackground/Systematics in rare search come in surprising ways

eThere may be 0 or 1 G3 (~ton scale) experiment in DUSEL
eNext decade will see one technology survive (which one?)

eVery Exciting LHC Complimentarity in next 5 Years
o HC can’t say SUSY particle is Dark Matter. Need DM experiments

121
eAll permutations/commutations proposed! Unify to win quickly?
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