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Dark Matter

DISTRIBUTION OF DARK MATTER IN NGC 3198

Most of universe is ‘dark’

Evidence from multiple sources
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— CMB

— Galactic rotation curves

— Large scale structures
Observations favor particle dark matter as

opposed to large composite but dark

objects (such as black holes)
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Enter the WIMPs

Particle dark matter must satisfy some strict

requirements

Weakly Interacting Massive Particles from

Increasing <o,v>

super-symmetry
So called ‘WIMP miracle’ motivated searches
— Thermalized in early universe

— Eventually freezes out

— If one supposes Weak scale cross-section get

correct relic density to match observations
Kolb, Turner
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Detection Strategy

* Weak interactions need very sensitive detectors
* Detectors will be sensitive to many backgrounds

* Several solutions exist to reduce backgrounds and SuperCDMS employs the
following:

— Godeep




Backgrounds

Currently operating SuperCDMS at

Soudan Underground Laboratory
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— Reduces surface muon flux by 5

orders of magnitude

Future plans for SNOLAB
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method

Background Shielding

Active muon veto

Polyethylene for neutron moderation

Lead and old lead layers to moderate

gammas

Additional low activity copper
shielding



Detectors

. SuperCDMS @ Soudan
. New detectors: iZIP
. 0.6 kg mass

e CDMS-Il ozIP
. Ge and Si
. 0.239 kg and 0.106 kg respectively




Detection

M e a S U re I O n I Zat I O n Yield and Charge Assymetry Discrimination for 109Cd+252Cf+l33Ba (+2V s1)

Collect athermal phonons via

transition edge sensors (TES)
Electron Recoils (betas, gammas)

Nuclear Recoils (neutrons, WIMPs)
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Discrimination quantity calledYield

— Ratio of charge to phonon recoil

®  Symmetric ER band

energy ~,~".:'-.“-; N :.. e . Symmetric NR band
50 60 70 80 1] 100

— Use calibration sources (*33Ba for ER Phonon Recail Energy (keV, )
and 232Cf for neutron) Surface Test Facility Data (UCB) 9




Why the iZIP?

A dominant background in CDMS-Il was

lonization Sensor

surface events

These occur near the surface dead layer of
the detector

Poor charge collection results in lower yield p},5n0n Sensor

— These events ‘rain’ into the NR band

— CDMS-Il used various pulse shape timing

parameters to discriminate

The iZIP can do better
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Why the iZIP?

* Complex surface field
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* Bulk events produce charge on both

faces

20 30 40 50 60 70
Charge Energy: Side 1 [keVee]

e  Surface events only on one side!
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Charge Discrimination

Implanted 2*°Pb sources adjacent to 2 detectors to ® Failing Charge Symmetry Selection

study surface event rejection ©® Passing Charge Symmetry Selection
® Neutrons from Cf-252 Calibration Source

Currently have statistics limited rejection fraction of 1.2 - (

1.7 x 1075 (http://arxiv.org/abs/1305.2405 )

® Failing Charge Symmetry Selection
@ Passing Charge Symmetry Selection
+2c Nuclear Recoil Yield Selection
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Surface Event: side summed pulses (Pr~25keV)
50

* Phonon based surface " 2skev

event discrimination

possible

llllllll

 Events near surface
look different than
those in bulk
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Phonon Discrimination

Phonon based symmetry performs better
than ionization at low energy
— Lower intrinsic noise

Can use in conjunction with ionization

4.54 X 1074 surface event discrimination

observed for phonons

Outer phonon channel allows for removal
of side-wall events

— So called ‘zero-charge’ events
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*  Symmetric
*  Asymmetric
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Detector Utilization

* SuperCDMS at Soudan
uses 15 Ge IZIPs

— Improved discrimination

— Increased acceptance

* Lets us perform high and

low mass WIMP searches



Low Mass WIMPs

Low mass search possibilities
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== 90% Upper Limit, 2013 CDMS II Si
== 90% Upper Limit CDMS II Si Combined
® Best Fit, 2013 CDMS Il Si

[pb]

Recent experiments have had

p—
S
A
=]
7
10N

intriguing hints in the low mass

region

CDMS-II Si results quite interesting
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and can motivate further study
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CDMS-II Si Result

* 140.23 kg-daysin 8 Si
detectors

* Timing parameter cut
based on phonon

pulse shape
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* Rejects surface event (Rl
: .. After Timing Cut
rain seen in yield ‘

a0 60 80
Recoil Energy (keV)
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CDMS-II Si Result

In middle of signal event A ) Surface Event
B o Y . ’ Distributi
distribution - i
[
In tail of Surface Event >
o ° o 0 e °
distribution N : gl |
m . ° [ LY : .
Each event is likely single scatter g s -
. . > ) o R
Profile likelihood favors WIMP e ;'
Neutron
+background hypothesis over Distribution

known backgrounds (30)

0
Normalized Timing
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Low Mass WIMPs

iZIP detectors are suited for a low mass search
Low mass WIMPs impart low energy into detectors
Requires low trigger thresholds

— Pay a livetime penalty due to noise triggering excessively

Implement bandpass filters to take advantage of signal power in

low frequency domain over usual noise

— Allows lower trigger threshold

19



Low Mass Backgrounds

Low frequency noise is problematic

—— _I

Reconstructs to low energy pulses - ' — LF Noise, amp =1.1213e-07A

phonon pulse, amp =5.0415e-08A
Ll
M\ il

Can get around this with LF noise

templates

pulse height [A]

Fits LF noise better than standard

‘W

pulse template allowing us to

discriminate

_ -2
Currently under study -1000 0 1000 2000 3000 4000 5000 6000

time since trigger [ s]
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CDMSLite

Can explore low mass WIMPs via

alternative running mode

Charge Propagation

] . /d
CDMSLite utilizes Luke phonons Resulting Luke Phonons
Standard detectors are biased at +/- 2V

Ejuke = Nejp X €Vy

Luke energy scales as bias voltage and

noise remains constant until breakdown
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CDMSLite

* Asaresult of
amplified Luke signal
has excellent energy

resolution ~ 13 eVee ' CDMSlite data
from ~ 7 kg-days
e Canresolve various

Ge activation lines




Future

Future plans include a 200kg payload in
SNOLAB

Will consist of larger iZIP detectors (100mm

diameter)

—  73% fiducial volume

HEMT based ionization

readouts

Possible lower Tc TES sensors

— Can help improve energy

resolution

: Side 1: -4.0 V bias

sum

60 keV (2'Am)
303 keV ("*Ba)

356 keV ('*Ba)
384 keV (**Ba)

Number of Events

L : il
250 300 350 400 450 500



Summary
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improved background

discrimination
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SuperCDMS Soudan
Projections

* Competitive high and
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low mass searches

e CDMSLite shows

promise for leading low

WIMP-nucleon cross section [pb]
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Summary

* Expect Soudan results

Soudan CDMS-lite 170 eVee
fuperCDMS Soudan Low Threshold

from low mass and high

2

mass WIMP searches
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later this year!

* SuperCDMS SNOLAB

will have better
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sensitivity and explore

interesting parameter

WIMP Mass [GeV/c?]
space
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Backup




Goodness of fit

Profile fits data well

Goodness of fit for known

background only is 4.2%

Goodness of fit for WIMP
+background is 68.6%
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Distribution of the log-likelihood of H0 under H,

— — Log[L(H I =22.03: p-value = 4.2%
o

Distribution of Log[L(H,)] under A,

—— Log[L[H‘)I‘x': = 15.13: p-value = 68.6%



Phonon Discrimination

* Make similar yield

® Failing Phonon Symmetry Selection
©Passing Phonon Symmetry Selection
p | Ot ® +2¢ Nuclear Recoil ytNF Selection

— Phonon symmetry

instead of ionization
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* Very good rejection

seen

40 60 80
Recoil Energy [keV]
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Charge Symmetry

* Definition of
Charge symmetry

cut

e Gamma line from

*
£,
c
Ig
-
Q
L
I
(&)
Q
(o))
T
©
L
(&)
N
[V}
9
/7]

Ba source seen Slde 1 Charge Collection [keV]

29



