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WIMP search: status and strategy
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WIMP search: status and strategy
Cg 1 0_3? | 1 LI I 1 1 1 LI I 1 1 1 LI I_
S — -
’(7'; 1 0_39 c i_ESST(ZOlS) DAMIC -
g [ DAMA/LIBRA —

cryogenic crystals

CRESST(2012)

)] — —
7p] — -
g 1 0—43 — =—_CDMS-LT EDW-IIZCDMS -
§ E XENON100
é 107 | V floor
0 =
= 1047 - x 10.000 —
= - ‘ liquid noble gases
[ Egg?ag ngzl) Figueroa-Feliciano * ‘uh “-F-”“r_" N
10_49 ol ] Lo vl H‘I--'-'_I"-I--I-?IF;FII ] L1 1 1l
061 2 345 10 2 100 20 1000

WIMP mass (GeV/c?)

Klaus Eitel -- Andes workshop 2017



Karlsruhe Institute of Technology

Cryogenic detectors (crystals)

W heat bath 0(10mK)

weak thermal link

thermometer

absorber crystal
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Cryogenic detectors (crystals)

W heat bath 0(10mK)

phonons

weak thermal link

thermometer
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operation at mK:

temperature increase from

particle interactions can be measured!

( 1-10keV - pK)

calorimeter:

direct measurement of total energy deposit!
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Cryogenic detectors (crystals)

W heat bath 0(10mK)

weak thermal link
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Cryogenic detectors (crystals)

W heat bath 0(10mK)

weak thermal link

phonons + sci
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Cryogenic detectors (crystals)

W heat bath 0(10mK)
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Cryogenic detectors (crystals) =SS

W heat bath 0(10mK)

weak thermal link

thermometer (TES) C D M S
N SuperCDMS
phonons + e/h (G e & Sl)
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Cryogenic detectors (crystals) =l

W heat bath 0(10mK)

weak thermal link

thermometer (NTD)

B EDELWEISS
phonons + e/h (G e)
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Cryogenic Rare Event Search with Superconducting Thermometers (at LNGS)

CRESST-II phase 2
data taking 7/2013 — 8/2015 CRESST-II detector module

Polymeric foil + CaWO, sticks

> Fully-scintillating detector
_— housing

» Efficient rejection of surface
backgrounds

L~ 206
ﬁ‘é} Pb,
o

R. Strauss et al. arxiv:1410.1753 EPJ-C (2015)
R. Strauss et al. arxiv:1410.4188 ICAP 06({2015)030

N

CaWoO, sticks polymeric foil
R. Strauss, Direct Dark Matter Detection: Experiment meets Theory, March 6-8, 2017, Munich
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CRESST-Il results ﬂ("‘

[ | 1 | | I 1

1 —— CRESST-2015 —— CRESST-N2014 | | 36
- ciesese CRESST-N Comm. 2012 CRESST-I2012 (20)| — 10
-« CDEX 2014 — . - CDMSlite 2015 =
10! CDMS-Si 2013 —— SuperCOMS2014 | _| 1 0_37
I CoGeNT 2013 —— DAMIC 2012 3
= wuvere: EDELWEISS 2012 ceeeees DarkSide-502015 | —|
10 2l — LUX 2013 — — XENON100 2012

— —
s 3
@ 8

1072 = CRESST-1 (2015) \
—~ 52kg-days

10—4 ;Blind analysis

= Yellin, optimal interval

EPJ C (2016) 76:25 T~ o

II...‘ I.IIII.IJ L LI

o
8
atter Particle-Nucleon Cross Section (cm?)

Dark Matter Particle-Nucleon Cross Section (pb)
1l

105 | 10
E CDMSlite (2015)

10°= 102

107 =10%

10°8 _10HE
= &

10°° l‘..‘-lul*:erlelj'ntheulrlno Slcatterlfrg OIJ'I C?Wf)‘l . ‘ _ 1 053

0.5 1 2 3 4 5678910 20 30

Dark Matter Particle Mass (GeWcz)

Klaus Eitel -- Andes workshop 2017



14

CRESST-III

Status quo

m = 250g
V = 32x32x40 mm?3

Phonon threshold: E, S 500eV

Light-detector res.: o=5eV

Klaus Eitel -- Andes workshop 2017
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m=24g

Scale down sjze by factor 10

|
j'
|

improvement by a factor of 5-10

improvement by a factor of 2

"r CaWOQ, sticks
~ (with holding clamps)

-«— reflective and
scintillating housing

light detector (with TES)

—— block-shaped target crystal
(with TES)




CRESST-Ill phase 1 ﬂ("‘
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data taking started Sept 2016

e
5 Phase 1 projection "~

better than design E;=100eV

WIMP-nucleon cross section [pb]
S

expect first data release
by July/Aug

o™ i R, ¢ |
WIMP mass [GeV/c?] (LTD17, TAUP)

. Coherent Neutrino Scattering on CaWO,

10 x 249 detectors operated for one year
= 50 kg-days (net)

R. Strauss, Direct Dark Matter Detection: Experiment meets Theory, March 6-8, 2017, Munich
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CRESST-Ill phase 2
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O 107" » Growth of CaWO, crystals in-house
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210 i » Improvement x10 already achieved
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100 x 249 detectors operated for 2 years
= 1000 kg-days (net)

R. Strauss, Direct Dark Matter Detection: Experiment meets Theory, March 6-8, 2017, Munich

16 Klaus Eitel -- Andes workshop 2017



AT

SuperCDMS @ Soudan (2090mwe)

15 HPGe monocrystals (J=3% h=1“ > m=600g)
interleaved Z-sensitive

lonization and

Phonon detectors (iZIP)

1.2
__ | : )
| ionization electrodes (£2V)
B -
T 0.8 -
@ rER S (surface)
> - L £
c
S 0.6 .
Al Coll E i
gleciol W Transition- =
Edge Sensor i=] 0.4_
() () — i
0.2 - Sy
phonons B * ; R +| ]
0 B 1 1 1 1 1 1 i 1 1 1 1 ill 1 1 1 i 1 1 1 1 |
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Top ~ 50MK; low impedance SQUID readout

t(phonon) + A(ionis.) = surface rejection timing parameter [us]

PRD 92, 072003 (2015)

17 Klaus Eitel -- Andes workshop 2017



18

CDMS lite @ soudan
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NL amplification: =~
~ 10!}

» allows E,, ~50eV 5

» opens window into ~GeV range 2
£ 10°

» loss of PID e

» needs careful energy calib.
PRL 116,

Klaus Eitel --

Andes workshop 2017

making use of Neganov-Luke effect:

Et=Er+31

AT
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- EqAV

with V=70V amplification of heat signal ~24
—> effective lowering the threshold

100/ T
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SuperCDMS soudan (2090mwe) > SNOLAB (6010mwe)  mmmussnes

G2 experiment (2020+), 18t stage:
2 towers with Ge - my =2 5 GeV (bgd for NL)
2 towers Ge+Si > my 2 0.3 GeV (NL)

Dilution
Refrigerator

Cryostatand

‘S!h detectors
g 7

PRD 95, 082002 (2017)

Payload 50 kg of
Ge & S1 - capacity 400 kg Ge
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Collaboration
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University of Oxford
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Depth, meters water equivalent

~4800 mwe

(deepest in Europe)
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Germanium room 1

SHIN



Top,=18mK = heat & ionisation
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EDELWEISS-III FID800 detectors ﬂ(".

Fully InterDigitized ~870g HPGe detectors

Phys Lett B 681 (2009) 305-309

Bulk/Fiducial event
Charge collected on
electrodes C;,,&Cyy

Klaus Eitel --

+4V

+1.5V

Surface event
Charge collected on
electrodes C, &V

Andes workshop 2017

-1.5V

@=70mm, h=40 mm
2 GeNTDs heat sensors

Electrodes:

concentric Al rings (2mm spacing)
covering all faces

XeF, surface treatment

to ensure low leakage current (<1 fA)
between adjacent electrodes

J Low Temp Phys (2014) 176: 182-187

“Performance of the EDW-III experiment for
direct dark matter searches”
arXiv:1706.01070 (subm. to JINST)
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Nuclear recolil calibration + discrimination =%
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ionization energy (keVee)

EDELWEISS-III 2014—2015 WIMP search
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Karlsruhe Institute of Technology

161 days of physics data with 8 FIDs: ~500 kg.d total

8 detectors combined

0 5 10
heat energy (keVee)
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profile likelihood analysis
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EDELWEISS-III 2014—2015 WIMP search ==
161 days of physics data with 24 FIDs: >3000 kg.d total

» first measurement of cosmogenic 3H in Ge

arXiv:1607.04560, Astropart. Phys. 91 (2017) 51
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Event rate [(ton.year.keV)|
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Search for light WIMPs
- lower threshold, better resolution

—
o
[k~

o o
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—

—h
<

- 5 GeV WIMP
=7 GeV WIMP

== 10 GeV WIMP

Klaus Eitel --

EDELWEISS R&D targets:

» Use High Voltage:
Amplification of heat signal
to reduce effective threshold
8V = 100V

» Optimize sensors:
Improve energy resolutions
on heat (thr) & ionization (ID)
2 C}e—100eV, o,,,=100eV

8 10 12 » Reduce Heat-only events

Recoil energy [keV]

Andes workshop 2017

reduction by 100



EDELWEISS FID803

Applying high voltage o

Neganov-Luke: 100 .
— 1 5:

Et - Er + 3 eV EQAV 100 45V
NTD :!l:ll:ll'E

| 100V

2000 4000 6000 8000 10000 12000 14000 16000
Total phonon energy (keV)

Resulting Luke Phonons

‘Prompt’' Phonons

—> up to 100V working = NL boost 35
- sensitivity to low mass WIMPs (~1GeV/c?)

- BUT: no electron/gamma suppression

26 Klaus Eitel -- Andes workshop 2017



EDELWEISS FID803

1000

Applying high voltage

8V

Neganov-Luke: 100

50

Et = Er + EQAV 0

100

45V
50

NTD :!t)l:ll'g

100V

Charge Propagation
Resulting Luke Phonons

PRSI TSI SR S N SN S SN AT S S S R . ¥ R |

2000 4000 6000 8000 10000 12000 14000 16000
Total phonon energy (keV)

‘Prompt’' Phonons

8V

| A
A L
1000 J 6/-)/ 20V

—> up to 100V working = NL boost 35
- sensitivity to low mass WIMPs (~1GeV/c?) ol

2000
45V
- BUT: no electron/gamma suppression ﬁ
- BUT: both ionization and phonon signals (even in NL mode)
—> continuous + detailed diagnostics of charge collection JX 100V
27 Klaus Eitel -- Andes workshop 2017 OE """"""""""""""""""""""

0 5 10 15 20 25 30 35 40
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WIMP-Nucleon Cross Section (SI) (cm?)
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EDELWEISS-IIl 2018
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CDMS with large NL amplification g,
Quenching factor
T T T —9 = o0eV,
E[Ot = Er 1 eVb 103 “\6,8G=e0'\\n,l"‘a
10° f b

Since Y(ER) > Y(NR)
ER have larger g,

Differential Event Rate [evt/keV/kg/yr]

ER: Vb=1 oov

__3GeV 10~“cm*: V =0V

: 3GeV 10 *cm?: V=100V

i T ~-

P. Cushman, IDM 2016, Sheffield
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CDMS towards single e- detection

s - [___ER:v=0v | |
T 10 | ® s S
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P. Cushman, IDM 2016, Sheffield
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E, [keV]
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CDMS towards single e- detection

IZIP detectector with h=1cm
& vacuum electrode

W,
Al .

_ v !
| Bl I Vacuu 500um
1000r ' S ' x Al electrode
900 - £ 60 ig:)’v L - 1
L & e 200V e i T r
800 ..='=_' 40 —— N - - 60 - {) Contact free (G37)| |
700 - Ezo -’ 1 > CDMSlite (T522) . _
ool o | o baseline resol. of c=7eV
400 'r?r?: |,.s?00 1000 L . 30} o . .
5001 U el o achieved with 250g Ge
400 = s
3 ‘ S 15+ ]
300 - i
-7 0f & f
200 - ”' | +  value of 2*Am 13.9 keV peak 1 K
1001 . s X ] 7F O 1
- 5h 1
0 1 1 n
0 30 100 V, oplied [\mltsl200 300 10 E-field [V/cm] 100 N. Mirabolfathi et al . 1510.00999
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light DM with my,,~MeV—GeV ? ﬂ("‘

X X
Dark Sector with Hidden Photon A" and coupling ¢

A’ L=F2 +F° +m%A? 4 g JEA + ]l (A, + eAl)

L JL
6 10—35 - 10_30 i
: +
A q = % 107 XENON100
1078 %, XENON100 ol
C (7] 10 3
. o . _107¥7 10-33 _
’ o | o XENON10

& 1“2 1073
E 1073 ] 5 :
2 | 107

107 | 10777 3

10741 10—38 %_ __

] sl ]

_42 theoretically interesting targets ]

10 e ;

] % mas € My an=lfq2 ?

10_43 10—41 T B el el

ul L
1 10 102 io3 104 10°

Essig et al., JHEP05(2016)046
Essig, Volansky, Yu 1703.00910
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light DM with my,,~MeV—GeV ? ﬁ(“

X X very small energy thresh needed in semiconductors
-> sensitivity to MeV DM

€ /\ - band gap
AS [eV]
Ge | 0.67
e e C e
GaAs| 15
Nal | 5.9
Csl | 64
{ OUU ANTUM _
10
http://www.quantum-espresso.org/ -
calculation of electronic structure within [,
density functional theory (DFT) .using Brillouin zone path Tien-Tien Yu (CERN),
plane waves and pseudopotentials seminar at KIT, May 2017
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Search for light DM with GeMMC ﬂ("

combine EDW Ge technology (KIT) » DM-e scattering - e/h* pairs
with high resol. MMC’s (U HD) » charge drift in high E-field @ 20mK
» amplification of phonon signal
ETD » phonon readout with MMC
/ N 300
Charge Propagation **Mn, K,,

250 |- AEpyum = 1.58 eV

Resulting Luke Phonons Ge

‘Prompt’ Phonons

events per 0.4eV

50

5.86 5.88 5.90 5.92

+V energy [keV]
Ge
Germanium crystal best achieved resolution with MMC
phonon collectors (maXSZO): AEFWHle'GeV

" - / gold cones contacting _
h\ ﬂ the phonon collectors A. Fleischmann et al.,
copper holder AIP Conference Proceedings, 1185 (2009) 571
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Search for light DM with GeMMC ﬂ("‘
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http://ddldm.physics.sunysb.edu/
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