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The Dark Side is Among Us
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Even the Milky Way rotation curve is flat:
evidence for Dark Matter in this room!

But: Need an idea first!
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The Direct Search for Dark Matter

A microwaving axions
A thermal relic hunting basics
A solid state: CoGeNT, MALBEK, CDMS

A liquid noble element: XENON  and LUX

A bubble chambers: COUPP, PICASSO;-PICO ‘é&,
A Outlook ”"\\j ~

v
conference for details and caveats. b
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| d e a: JAKIGNS t h e

A Peccei & Quinn : effective strong CP violating term 6is
smal | because 1 tdos a field

A Wilczek & Weinberg: that gives a particle, the Axion

S
A Interaction strength Ja (- NS
J 1012 GeV 6 neV

A if mg <40eV — t1/5 > tuniverse: @ Dark Matter candidate

7/6

A since Q, o m;"’® — m, >~ 1 go\prevent overclosure

A Sikivie : detect via Primakov -effect 5
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ADMX and ADMX -II

A microwave cavity, up to 8T, down to 100mK
A ADMX -II to cover most of
expected parameter space by ~2016

Cavity Frequency (GHz)
N White Dwart and Supernova Bounds. \ \\ NN\
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The Direct Search for Dark Matter

A microwaving axions

A thermal relic hunting basics

A solid state: CoGeNT, MALBEK, CDMS
A liquid noble element: XENON  and LUX
A bubble chambers: COUPP, PICASSO;-PICO

A Outlook
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Direct Scattering Back of the Envelope

A Rate 2e N
N = ntargetq) Oyx,N A2 (Or X Ox,N J(‘] +)1)

A Coherent Scattering
AdeBroglie I hc 197 MeV fm

~ fm ~ Tnucleus

2r p mclu/c 100 GeV 103

A Maximum Recoil Energy
Py (100 GeV /c? x 10_30)2

MmN 2 % 100 GeV /c2 :

Er,max o

A Spectrum
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Expected WIMP Spectrum

A e.g. Xe target =

. (D]
A isothermal halo g°
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A coherent scattering

A Helm form factor
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challenging signal!

Pitfall! 10> =
Acceptances turn this = - " on Lo d
Into a bump after all Recoil Energy [keV]
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Annual Modulation
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expect modulation of
Arate
A spectral shape
at the percent level
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The Power of Discrimination

e/ g electronic recoll a/n/WIMPs : nuclear recoll

electronic recoills

A are most common background

A scintillate and ionize more (for given energy)
b di s cr i fom nualéaerecoils

e.g. measure both energy and some additional parameter
(lonization yield, scintillation yield, ratio ionization/
scintillation, pulse decay times, acoustic signal)
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The Money -Plot
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10_48 | (Blue oval) Extra dimensions ‘
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A MSSM: Pure Higgsino

10~4° | @ MssMm: A funnel
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The Money -Plot - Simplified
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The Direct Search for Dark Matter

A microwaving axions
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CoGeNT

440g P-type point -contact Ge detector
now >3 years of continuous data taking

conventional
coaxial HPGe

| P-type point -
Econtact HPGe
1 threshold 400eV

counts / keV kg day

energy (keV)
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CoGeNT Dat
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exponential rise at low energy

~2S modulation after 3.4 years; high amplitude

counts / 30 days
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CoGeNT With Background

ionization energy (keVee)
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Still different from zero?
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MALBEK (MAJORANA)

A p-type point contact Ge detectors (like CoGeNT)
A here: preliminary results

G. Giovanetti , TAUP 2013
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CDMS

CDMS -1l
199 Geand 11 Si o0ZI P66

located at Soudan

with phonon (TES) and ionization signal

data -taking finished

now: SuperCDMS

, IDM2010

¥ Armengaud
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CDI\/IS-II Slllcon Results 2013

140 kg days shown here
also another data set
with 56 kg days & 0 events
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signal

3 events observed
expected

statistically significant ?
origin of signal?
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