I

WiLhEL S, UNIVERSITT Direct Search for Dark Matter

MONSTER

4 Sch7le/!urAst o e:lche ‘?!rgsigr m ‘E - ‘A_'_.‘ |
O -, A

ance for Dark Matter 4

X | |
| 4 4 F -
ex e_rjknental requirements |

(periments —

r — —

JRy ..

Christian Weinheimer Dark Matter, Astroteilchenschule, 2014 1




E— —— WESTFALISCHE Summary Of 2nd IeCture
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e MONSTER
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Expected nuclear recoil spectrum is a feature-less exponentially
falling spectrum

4R _ oo FAG) (1) m oo FAGY) | mapd
d b, 2-mg - A -

v VT emg - e - g

Including earth movement around sun leads to a annual modulation
of the rate and the spectrum

Require experimental threshold of O(10 keV) !

Larger nucleus mass is preferred, since scalar coherent interaction (Sl)
scales with A2, but then smaller recoil energies !

\ J
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— " — ey, Difficulties to search for WIMPs

MONSTER

- ’)“(/V [ 2 generic problems:
" H,h,2Z°%q

q - very low rate
~ Y ’ )
-V low r
nucleus\.\‘““c'ear | - very low recoil energy |
recoil o
= go underground to reduce u's and u-induced n's i

& shielding, very clean materials, .. gL

10"

= very special techniques to suppress vy, e, o background, " «"me 02000

a) large detector mass to see annual modulation (DAMA/LIBRA) " o
b) double read-out to distinguish nuclear recoil from others
- cryobolometers:
heat + ionsiation or heat + light
- liquid noble gas detectors:
light + ionisation

c) directional (but not enough target mass)
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= Direct Cold Dark Matter (WIMP) searches

weeree o cryo bolometer / liquid noble gases / others
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z DAMA/LIBRA experiment:

—_— e signal for Dark Matter ?

-]
at LNGS / Italy, 250 kg Nal crystals

detection of scintillation light
WIMPs should show up at low energies
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z DAMA/LIBRA experiment:

— — WESTFALISCHE
I v signal for Dark Matter ?

at LNGS / Italy
250 kg Nal crystals
detection of scintillation light

clear annual modulation signal

2-6 keV
o O T DAMA/NAL (0720 fonxyn) — > " «DAMA/LIBRA (0.53 tonXyr)>]
2 0.08 & | (target mass = 873 kg) : I | (target mass =232,8 Kg) |
0.06 F ! : : : ! : : ' : : : '
SN UNy
0.02 & - ; ' ' : : : ;
SR NS 1 BN N BN NLNET . N y{&rﬁﬁ
e A g R L e
o = I I I I KH I I I I I I I I
2 —004 5 R . : : : : : : :
2 o0 [ ! | l
$ 008 F | . : : : : : : : : :
B I I P 1 S S T O O S PR BN A S S TN BN
' 530 1000 1500 2000 2500 3300 3500 4000 450C

R. Bernabei et al., Eur. Phys. J C56 (2008) 333 Time (day)
Are these really WIMPs ?
Not seen by any other experiment

KIMS (Csl) sees no oscillation at the DAMA amplitude:
a <0.0119 cts /(d kg keV) (90% C.L.)

= non-understood detector feature of DAMA/LIBRA

or something very interesting and unexpected ?
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— CoGeNT at Soudan mine

WILHELMS-UNIVERSITAT

MONSTER do low mass WIMPs fit with other experiments ?

Z. Ahmed et al., (CDMS II)
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e s MALBEK point contact Ge detector

WILHELMS-UNIVERSITAT

— underground from MAJORANA

MALBEK Spectra B

with lead shims without lead shims
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— ... MALBEK sees background compenent

WILHELMS-UNIVERSITAT

—_— ien with different rise time
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with lead shims without lead shims (221 day data set)
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JFW Wilkerson, Symposium Perspectives
on Fundamental Symmetries and Neutrinos, Sept. 2013
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z Events In the transition region
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—_— titnorer between detector and dead layer

slow surface 3
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transition region — partial
charge collection

JFW Wilkerson, Symposium Perspectives
on Fundamental Symmetries and Neutrinos, Sept. 2013

“Characteristics of signals originating near the lithium-diffused N+ contact of high purity germanium p-type
point contact detectors”, E. Aguayo ef al. (MAJORANA Collaboration), Nucl. Instr. and Methods A 701 176
(2013).

Perspectives on Fqndamemql _Symmemes Sept. 7, 2013
and Neutrinos Sympaosium n
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— — . MALBEK excludes the CoGeNT signal

e MONSTER

90% exclusions from 2:
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———— Wi Cryocalorimeter / cryobolometer

MONSTER

Electro-thermal link G ( AT=AE/C )
Debye:
C ~ (T/6)3
Thermometer

irreducibal thermal
fluctuations:
<AE2>=k;T2C

Particle absorber

T =0(mK)

» —]

AT =E/C t=C/G rise time typically several us
decay time typically ms

> 1
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. Cryo bolometers for WIMP search

e MONSTER

Dual read-out: Nuclear recoil — electronic recoil separation:
heat (thermal + athermal phonons) 5 14
+ ionisation St

s F EDELWEISS
Super-CDMS, EDELWEISS, ... 5 F
T rm;—
[ ] rm:—

.Grz_' ' ?r?“jr)_ﬁ_amb VIS O v R = R

Recail enargy fkeld]

Dual read-out: — 2% g ey LY=1
heat (thermal + athermal phonons) s |
+ scintillation light g 150 CRESST
CRESST, AMORE, ... 2
£ 100 _
-T scintillation light detector ‘g' : :_,‘;-_;:‘ *
T 5 0 A A4 o LY=1/5
_ ﬁ Wi e O recoils LY=1/10
Y s nciiniih iR G ==ip/ recoils LY=1/40
0 50 100 150 200

Energy from Phonon Channel [keV]
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1
— " —— e CRESST I
WILHELMS-UNIVERSITAT

e MONSTER

Collaboration: MPIPH Munich, TU Munich, U Tubingen, (U Oxford/UK), LNGS/Italy

located in Gran Sasso underground laboratory LNGS

Detectors: 10 cryobolometers CaWO, of 400g ) AT
(shielded cryostat can house 33) L] T
with heat (thermal phonons) and light readout A==
T % - e J cryostat
= = E=
= — E : PE
== —~ _ muon veto
. radon box
Bis +— |ead
— detectors
@ 40 mm, h=40 mm, 300 g s —:— copper
J. Schmaler, LTD Stanford, July 2009 |

1 |
i o e
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WILHELMS-UNIVERSITAT
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CRESST Il — excess of events

low mass WIMPs ?

8 detectors, in total 730 kg d: 67 events in signal region
— background is leaking into the signal region — max likelihood fit — 72 of candidates

i 1 1 | 1 |
0 20 40 60 go

G. Angloher et al., arXiv:1109.0702
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= CRESST Il — new detector design avoids

WILHELMS-UNIVERSITAT

camps near detector

CRESST-Il Phase 2

Novel fully-scintillating detector design

(" i e— light detector (with TES)

- block-shaped target crystal

f\ CaWoO, sticks
i f‘i (with holding clamps)

«— reflective and
\_ — scintillating housing

-> Highly-efficient rejection of surface-alpha backgrounds!

Raimund Strauss, MPI Munich
Christian Weinheimer Dark Matter, Astroteilchenschule, 2014 17



= CRESST I

e ——— W ESTFALISCHE
— e MOnsren new low mass WIMP exclusion
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T T Westusan EDELWEISS II
WILHELMS-UNIVERSITAT

e MONSTER

Collaboration: 5 institutions from France, JINR/Russia, U Oxford/UK, KIT

located in Modane underground laboratory LSM

Detectors: 10 cryobolometers Ge of 400g (1669 fiducial)

with heat (NTD sensor) and ionisation readout
shielded cryostat with active u-veto

E. Armengaud, Colliquium APC, Feb 2010

Christian Weinheimer

lonization Al electrodes ~ 100 nm
(center channel)

amorphous Ge
ar Si ~ 60 nm

lonization
(guard channel)

Heat
channel

Y
\ NTD sensor

I[dea: measure
joniszation and heat:
temperature rise AT

caused by
energy release AE:

AT=AE/C

— require small
C ~ (T/ep)?

Dark Matter, Astroteilchenschule, 2014 19
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EDELWEISS II: results
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n XelD0 - - - — - E
! 10‘5; i
EDELWEISS Il »
[w] L N
low threshold: - :
10_5 E_ _E
E. Armengaud et al., . N
Phys.Rev. D86 (2012) 051 1077 L .
10 100

Christian Weinheimer
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— Rejecting surface events
wwemsunversis — \With [nterleaved electrodes

MONSTER

Near surfaces:
Transversal E field to suppress charge collection
to other side, use ‘b’ and ‘d’ signals as vetos

a— Bolometer
support

without changing bulk field Electrodes
NTD
'a’ electrodes (+4V)
. (:‘!uard
collecting 'b' electrodes (-1.5V) rng
[\ e

48 mm

fiducial

volume

A = S A A g

First detector built 2007
1x200g + 3x400g tested in 2008
S — 10x400g running since beginning 2009

‘¢’ (-4V) 'd’ (+1.5V) E. Armengaud, Colliquium APC, Feb 2010
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z Common exclusion plot from

— e CDMS and EDELWEISS
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Z. Ahmed et al., Phys.Rev. D84 (2011) 011102

EDELWEISS 3: 14 FIDs in Febuary 2013
40 FIDs in summer/automn 2013
— 3000 kg days in winter 2013/14
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] e M ESTFALISCHE S C D M S
WILHELMS-UNIVERSITAT u pe r-

e MONSTER

Phonon TES rails

located in Soudan underground mine Charge electrode \ o

N ———

15 iZIP-detectors, 10 kg in total:
differentiate bulk signal from surface bg
170 live days collected

aim: sensitivity og, =2 10*° cm?

New technology for very low mass WIMPs:

Neganov-Luke-amplification: —
-39
phonon due to charge propagation = “nSAR
5
- 10" ) . Supirrco?ezi ::udan
o o -
Future plans: = By *
200kgin W
SNOLab gy o | k)
- T TR RS 1.5 2 3 4 5 6 7 8 910

OS| =8 10_47 sz WIMP mass [GeV/c?]
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z Future of cryo-bolometers

WILHELMS-UNIVERSITAT

in direct dark matter search

Phonons and lonization or Scintillation

Ge Phonons + lonization CaWO, Phonons
2012 — athermal W TES + Scintillation
SuperCDMS
Gran Sasso
2014 = 10 kg ">10x lower
2015 = 08-9 pb backgrounds
2017 jo
2018 p— SuperCDMS<l MOU since 2009
2015 SNOLAB Increasing
200 kg collaboration 150 - 1000 kg
2020 — M 8e-11 pb towards common 3e-10 to
2091 e experiment 2e-11 pb
Closm in on Dark Matter Candidates Richard Schnee
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WILHELMS-UNIVERSITAT
MONSTER

Some different detector technology:
COUPP bubble chamber in SNOLab

from R. Neilson, Aspen 2013 (see also PICASSO@SNOLAB)

* Superheated fluid CF;|
— F for spin dependent
— | for spin independent

* Observe bubbles with two
cameras and piezo-acoustic

Sensors.
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— " —wswuse  CAGT: search for solar axions at CERN

WILHELMS-UNIVERSITAT
e MONSTER

Principle of the Axion Helioscope P. Sikivie Phys. Rev. Lett. 51 (1983)

CAST in Germany:
ooy TU Darmstadt

0 etk - wccor U Franfurt
U Freiburg

MPI Munich (ph)
Earth MPI Garching (et)

Assumption: Axions are produced via Primakoff effect in the Sun

Sun

Want to detect solar axions with Primakoff effect, sensitivity tom_~ 0 — 1.2 keV

CAST Magnet

Tracking Sstem ..

following slides from M. Kuster/Darmstadt

."\

Christian Weiheimer : Dark Matter, Astroteilchenschule, 2014 26



T st CAST results phase Il

WILHELMS-UNIVERSITAT
e MONSTER

107 | |
No signal found = exclusion plot: L .

10° 8 g |
“ S
10_3 B Brage Refleclion 0 4(7;
R i E—— =
8 10'°| Tokyo Helioscope = e | Q
o CAST Phase [ A §
bﬁ 12 Microwave Cav. %
10 M
=
™ =
The CAST collaboration JCAP 02 008 2009 i ,g
[arXiv:0810.4482] - -
w0t 1w 1= W* 190 1> 10 10" 10! 10° E
m,,., [eV] Z’D
j=
=
—10 —1 )
2.-,(95%) < 2.22 x 10710 GeV 0.02eV < m, <0.39eV 2

(

CAST probes the dark matter candidate axion
but not really in the DM parameter range !

Microwave experiments probe relevant range,
very small mass coverage

Christian Weinheimer atter, Astroteilchenschule, 2014 27
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Search for axions

e MONSTER

Axion couples to N, (e’), v

om
~ a
ey 2t m
T JT

~M
a

Experimental searchs:
evolution of stars (extra cooling),

rare decay searches at reactors, _ Drect
sedrcnes
accelerators e
= On|y upper ||m|tS for m cold dark matter (classic)
a " " . .
N Qe Arthopic
= - Too many Tieo much
Axions from the big bang: events”f) energy loss
. . ops . SN 1987A (a-N-coupling)
never in thermo-dynamical equilibrium G. Raffelt, LAUNCH 09

degenerate gas = cold dark matter
Q,=1.97477 (ueVim )12 7 62 F(6) [ = 2 axion DM windows

—

~1

= |lower limit for m_

Christian Weinheimer Dark Matter, Astroteilchenschule, 2014 28



e Summary of 3™ lecture

WILHELMS-UNIVERSITAT
MONSTER

4 )

Problems: background and small signal energy
— go underground and smart screening techniques
— observe signal in various variables:

charge, light, heat (and annual modulations)

Possible evidences at low WIMP masses
are fading away by better experimental data except DAMA/LIBRA result

DAMA signal: still under discussion, but excluded by many exp.
CoGeNT: explanation by MALBEK
CRESST: new design solves problem with too many alphas

Large progress by cryo-bolometer technology
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