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Queens CDMS: WIMP Detection Strate
WIMP
Direct Detection: AN
Search for WIMP signal via nuclear recoil elastic detector 93
scattering in the detector. V4

State-of-the-art detector:
e Low temperature (< 50 mK) semiconductor
detectors;
e Read out phonons from the recoil together with
1onization signal.

Background Reduction and Rejection:
Goal = Maintain “<1 event expected background”
e Go deeper to reduce cosmogenic muons
e Active muon veto
e Shielding and material-purity
e Powerful background discrimination in the analysis

Echarge

DPF-2011
Oleg Kamaev




CDMS-II Experiment
* Soudan Underground Lab, USA (2090 m.w.e. depth)




Queens CDMS-IlI Experiment

* Soudan Underground Lab, USA (2090 m.w.e. depth)

5 Towers of 6 detectors (4.6 kg Ge, 1.1 kg Si)

* Active/passive shielding against muons and environmental
radioactivity.

a3y Charge side

1 B - Ge (250g)

momm = Si (100g)



Queens CDMS Shieldin

ANCIENT LEAD

M-METAL (WITH COPPER
INSIDE)

Passive shielding: )

* Pb: shielding from y’s

* Polyethylene: moderate neutrons
from fission and from (o,n)
interactions from U/Th decays

* Copper: shielding from y’s.

LOWACTIVITY
LEAD

POLYETHYLENE

Wémm Active shielding:
; * Muon veto to reject events
from cosmic rays.



Queens Z-sensitive lonization Phonon Detector (ZIP

Phonon side:
/ * 4 quadrants of phonon sensors
e provide phonon energy and position info
Charge side:

« 2 concentric electrodes (inner and outer)
e provide ionization energy and veto

ﬁ Nuclear/ Electron recoil discrimination:

Echarge

Ephonon

Signature of Nuclear Recoil: reduced
ionization relative to phonon signal.




Ionization Yield

|- |+

133Ba Bulk Gammas

13382 Surface Events |
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Cf Neutrons
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Recoil Energy (keV)
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Surface Events Discrimination

Low-yield ER
surface events




Queens Surface Events Discrimination
1.5 _
I . 133Ba Bulk Gammas
I + 133Ba Surface Events | :
< O 4l | Low-yield ER
O 1l e M
= surface events
.g <
S 051 /EWH Introduce:
a oy phonon timing parameter =
. phonon pulse risetime + offset
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CDMS-II Results

Ionization Yield

15

! All WIMP search data
'* + necl S,
' N passing the timing cut
: +## * ++"‘+ & +
+ + 5
+ + + + * o4
ﬁfp*' r - + + >
1, .,#+#+f % o + : :-i’ + i 5 Ny 2
ji*o-# + + + +
ol > ++E+**+++f ‘4 3 * 1‘+¢+++ o +]
++ + + + +: ++ + ¥
- + +
l”*f events
+ near NR  Event I:
1
i band Tower 1, ZIP 5 (T1Z5)
05F 4o Oct. 27, 2007 :
1
i
RN ent 2.
1
Tower 3, ZIP 4 (T324)
0 1 Aug 15’ 2007 1 1 1 1
0 10 20 30 40 50 60 70 80 90 100
Recoil Energy (keV)

—41

* spectrum-averaged exposure after
all cuts 1s 194 kg-days

* 2 events in the NR band pass the
timing cut
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Science, vol. 327, p. 1619-1623 (2010)
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WIMP mass [GeV/c"]
Result:

* 7.0 x 10-** cm? @ 70 GeV/c?
*3.8 x 10* cm? @ 70 GeV/c?
(combined with previous CDMS data)
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Queens CDMS + EDELWEISS Combined Result
EDELWEISS:
 Laboratoire Souterrain de Modane, * Total exposure 384 kg-days
France (4800 m.w.e. depth) (comparable to 379 kg-days of
* 10x400 g Ge bolometers (@ 20 mK CDMS-II total)
- Ionization measurement * Observed 5 candidate events
- Heat measurement * Expected background ~3 events
* Threshold 20 keV
lonization Al electrodes ~ 100 nm R

(center channel)

amorphous Ge

lonization

NTD sensor

Heat
channel

DPF-2011

Oleg Kamaev |



Queens

CDMS + EDELWEISS Combined Result

To combine limits:

* Sum exposure-weighted
efficiencies;

* Combine events regardless of
experiment of origin;

* Calculate the limit.

Agreed on the method before

exchanging data!

800

700

n =)
—3 —3
= =

Effective net exposure [kg.d]
=
)
S

Expected Number of WIMPs in CDMS and EDELWE

30

N
n

—
-
T

[
=

CDMS to EDELWEISS ratio
o 7

10

Ratio tends to 1

)

10

2

3
10

WIMP mass (GeV/cz)
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CDMS & EDELWEISS Data Sets
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"""" CDMS 2010
EDELWEISS 2011
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_z]

Spin independent cross section [cm

Gain/ CDMS

o

Strongest limit:
3.3 x 10* cm? for

1 il lllllll

I Ellis ' 5
107 7 Recakowsi {90 GeV/c2 WIMP
x  EDELWEISS (]
: + XENON10 |
_ o XENON100 |
«  ZEPLIN III
1074 -—-— CRESSTI ||
: . —— COMS.EDW
Improvement up
to a factor 1.6
above 50 GeV/c?
WIMP mass [GeV/c?]
DPF-2011 PRD 84, 011102(R) (2011)
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Queerrs CDMS, SuperCDMS, and beyond

10 3 —~1000
E‘\_‘ * CDMS-II (completed)
s o 4 kg Ge for ~2 years
10 7 ° 0 3.8x10* cm?
_aa| Current phase:
— 10 F |
% i = * SuperCDMS @ Soudan
L o 10 kg Ge for ~2 years
5" 107 0 ~5%1045 cm?
"""""""""" Future:
107 * SuperCDMS @ SNOLAB
L o 100 kg Ge for ~3 years
[ 2r - 46 ~m?2
10—47 1.5T @ DUSEL . 0 ~3x107 cm
1 2 3
10 10 10

X? Mass [GeV/c2]

To reach the goals we need:
* increase mass
* decrease background leakage 14



Queens CDMS, SuperCDMS, and beyond

102 - —1000
-\ :
-
-43 v
10 -
ol
o 10 -
E
= 2
5 10-455_’:%
-, 100kg @ SNOLAB
10-46;—
_47— 1.5T @ DU'S‘EL |
10 ] 2
10 10

%3 Mass [GeV/c?]

To reach the goals we need:
* increase mass
* decrease background leakage

15

> Redesign the detectors!



Queerrs IZIP Detector
Redesigned detector:

interleaved Z-dependent Ionization and

Phonon detector (iZIP):

* 4 charge channels
* 8 phonon channels

Appears to meet needs of
SuperCDMS (@ SNOLAB.

1ZIP improvements:

v' Detectors are x2.5 thicker;

v" Optimized phonon sensor layout;
v Modified phonon mask;

v Interleaved charge electrodes and
phonon sensors on both sides of the
detector.

DPF-2011
Oleg Kamaev




Phonon sensors

IZIP Detector

CI1S
v Interleaved charge electrodes and

Quee

phonon sensors on both sides of the

detector:

Ionization lines

ad i ‘«JIf-_G.J), -. I

sl

10 15 20 22
R Position [mm)

5

DPF-2011
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Queens IZIP: Charge Discrimination

v’ Interleaved charge electrqdes and ‘Surfa¢e Events: | |
phonon sensors on both sides of the 2r {omzatrmmgnalrappears mB
detector: lon Qneﬁde of the detect@r ——

Charge channels can be used to reject
surface events.

| Bulk Events. e
i1 e~ Equal but opposite 1omzat10n~ Vi
| signal appears on both 51de‘s 2 Y
cul i 2 1 | Ionization lines Phonon sensors
g | fiducial volume_ i
DPF-2011 = e~ 7 7"
18
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v Interleaved charge electrodes and
phonon sensors on both sides of the
detector:

Charge channels can be used to reject
surface events.

L 040 H0+040+0 4040

, ok s vehtS°"'”"nh?w'* @l
i e~ Equal but opposite 1omzat1oni
| signal appears on both 51de’s /o
E 15 !
g fiducial vollume:

o
———

DPF-2011
Oleg Kamaev

N

IZIP: Charge Discrimination

‘Surfa#e ﬂvents. ]
fomzatmnm gnalrappears any

on one side

of the dej;ectfbr —

Surface event
discrimination
is >104:1 *

Surface y + e

Charge Energy: Side 2 [keVee|

19
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IZIP: Yield Discrimination

Charge Yield (Q/P)

Yield and Charge Assymetry Discrimination for 109

Cd (+2V sl)

0.8
0.6
0.4 NG
e Assymetric
e ®  Symmetric ER band
02 2 ®  Assymetric NR band ||
oz Symmetric Zero Yield
. Symmetric NR band
' : etric Mid-Yield
0 | | | | | | | I I
10 20 30 40 50 60 70 80 90
Phonon Recoil Energy (keVne)
DPF-2011
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* Yield-only discrimination
of surface events in NR
band is >103:1.

* Discrimination starts to
degrade at ~10 keV.

* Measurements of yield and
charge asymmetry combined
discrimination are limited by
neutron background events
in NR band.

Data taken at Test Facility
above ground with NR
background of ~7 evt/hr

20



Queens iZIPs Soudan

* 1ZIP detectors are arranged in SuperTowers
* The first iZIP SuperTower was installed at Soudan in October 2010:

CDMS-II Tower iZIP SuperTower
sz T
o : Z1
T | -
Z3
S —
DPF-2011
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Queens iZIPs Soudan

* 1ZIP detectors are arranged in SuperTowers
e The first iZIP SuperTower was installed at Soudan in October 2010:
o engineering run with the goal to perform background assessment
o run was interrupted due to the fire in mine shaft in March 2011
o collected data to assess stability of the detectors underground and
improve operation of 1ZIPs in the future runs

CDMS-II Tower iZIP SuperTower
B si2 |
Z1
ses| ) -
wafers with Pb-210 on
4 @ top and bottom

(for engineering run to
assess discrimination
against surface events)

DPF-2011
Oleg Kamaev
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Queens iZIPs Soudan

* 1ZIP detectors are arranged in SuperTowers
e The first iZIP SuperTower was installed at Soudan in October 2010:
o engineering run with the goal to perform background assessment
o run was interrupted due to the fire in mine shaft in March 2011
o collected data to assess stability of the detectors underground and
improve operation of 1ZIPs in the future runs

* Approved to deploy a total of 5 iZIP SuperTowers at Soudan.

CDMS-II Tower iZIP SuperTower

wafers with Pb-210 on
= @ top and bottom
(for engineering run to

assess discrimination
against surface events)

DPF-2011
Oleg Kamaev
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* SuperCDMS (@ Soudan will
eventually become background
limited due to cosmogenic neutrons;

* to get to ~3x1046 cm? (100 kg of Ge
phase) need to move to deeper site.

SuperCDMS

t—surface
2 e

OROVILLE (USA)

iIMB (USA)
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..7 S
. | | 1 I |
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Depth [m water eq.]

SNOLAB
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* SuperCDMS (@ Soudan will
eventually become background
limited due to cosmogenic neutrons;

* to get to ~3x1046 cm? (100 kg of Ge
phase) need to move to deeper site.

SuperCDMS

) —surface
2 e

OROVILLE (USA)

iMB (USA)

/ SOUDAN (USA)
KAMIOKA (JAPAN)

BOULBY (UK)

/ GRAN SASSO (ITALY)
HOMESTAKE (USA)

FREJUS { FRANCE)
BAKSAN (USSR)
MONT BLANC (FRANCE)

SUDBURY (CANADA)
- KOLAR (INDIA)

[~

Log,,(Muon Flux) [/m?/s]

. | | l | |

0 2000 4000 6000 8000 10000

Depth [m water eq.]

SNOLAB

Detector Test Facility (@ SNOLAB:

* need a shielded underground TF to
characterize detectors w/o the
presence of limiting neutron
background;

* background achievable (@ SNOLAB
with 5’ of water shielding (MC
simulations):

o <l Hz of external gammas
o <1l neutron/day
* short turn-around time between runs.

cryostat

water tank

25



o CDMS-II has completed operation:

* has set a limit of 3.8 X 10-**cm? @ 70 GeV/c? on WIMP-nucleon
spin-independent cross-section;

* observed 2 candidate events in the first analysis of the final data
taken between July 07 and Sept. 08;

e cannot claim nor reject these events as possible WIMPs;

* CDMS and EDELWEISS collaborations have produced a common
analysis of their results that gives improved constraint on WIMPs
heavier than 50 GeV/c?.

o New generation of CDMS advanced detectors, 1ZIP:
* meets requirements for SuperCDMS (@ Soudan to reach WIMP-
nucleon cross-section of 5 X 104 ¢cm? for 60 GeV/c?> WIMPs
with <1 expected background event;
* SuperCDMS (@ Soudan 1s expected to install 5 1ZIP SuperTowers
and resume operations later this year.

o Intend to start running 100 kg at SNOLAB 1n 2015.
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Queenrs

phonon pulse (a.u.)

—82(-7)
— S1{+z)

Surface event
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Bulk NR event
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IZIP: Phonon Pulse Shape Discrimination

Additional background rejection technique:

* Phonon pulse shape for surface ER events
look different than for bulk NR;

* Pulse shape quantities are included into
calculated y? function for event;

* Discrimination based on y* difference

between surface ER and NR events is 10%:1
with ~60% NR passage efficiency.
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210Pp

« Environmental 222Rn in air can deposit long-lived 2!°Pb  source on surfaces

210Pp, 22 yr

63.6 keV
BR 16+3%
+ Expected
signatures:

* low-energy

f decay,

but final state of
|7 keV decay
results in peak
~46 keV

delayed |.16 MeV
B from 210Bj

delayed 2'%Po «

DPF-2011
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\:6.96 keV, BR 84+3%
210Bj*

<3 ns | e pbel, J. Phys. A
€ 30.15 keV Literature R
45.7 keV 57+29° i , .
4 3+1 4% € ;:Q.; T L 2;:;?5:19
/Y ).83 keV Nuc T [ I~NAQ :‘1|9 (1971
0+0.2° ) S
46539kev| . | © e
42 6 ke 46 keV : : 33 .12 keV
4.25+0.04%) 16+5 0.9+0.3% L1 0.50+0.02%
Tol | 2 ‘
-~ 24.610.8% emit
210B;j =\ Flourescent x-rays

M

N NOP...

electron emission

H. Nelson
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