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CONTEXT & STRATEGY
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EURECA CDR (2014)

m European Underground Rare Event
Calorimeter Array: Federation of
European efforts for direct DM
Search with cryogenic
experiments

m Conceptual Design Report
[Phys. Dark Univ. 3 (2014) 41]

m Goal: 2x104’ pb @ 50 GeV
(cMSSM inspired WIMPS)

m  Common cryostat for 1-ton
Size experiment

m <1 evt/keV/ton/y background
m Variety of target: Ge + CaWO,
m Site: LSM (Fréjus tunnel)

Cross—section [cmz] (normalised to nucleon)

[Phys. Dark Univ. 3 (2014) 41]

WIMP Mass [GeV/c?]
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Change of scene since 2014 CDR

m LSM extension delays
m No signs of cMSSM SUSY @LHC: need to widen the search
m Rapid progress of xenon at high mass

m ldentification of “Low-WIMP mass” region above the Solar
v floor, ideally suited for low-threshold cryogenic detectors

S Billard et al., PRD 89 (2014}
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Choice of hunting ground

WIMP-nucleon cross section [cm?]

J. Billard et al., PRD 89 (2014)
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The GeV region

J. Billard et al., PRD 89 (2014)
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The 8B region

J. Billard et al., PRD 89 (2014)
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Updated EURECA strategy

@ Aim: 1-20 GeV mass range, ideally suited for cryogenic detectors

m First step: tune the CaWO, and Ge detectors to fully exploit the
full potential for cryogenic detectors for low thresholds

m Exploit current facilities at LSM and LNGS (with few kg) until

external radioactive bkgs require major upgrades

m Larger exposure (>1000 kg.day): Mockup tower to
prepare detector adaptation to tower interface
very-low background SuperCDMS EURECA pummzs
@ SNOLAB environment dotectors 1 fpeee
currently being designed

- Preparation made possible by
openness of SuperCDMS to
share design info & MC code
with EURECA

test detector /

SupSIM MC

December 6th, 2016
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CRESST DETECTOR
CHALLENGES AND PLANS




CRESST Collaboration
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CRESST-Il detectors

Cryogenic Rare Event Search with
Superconducting Thermometers

Scintillating CawO, crystals as target

Target crystals operated as
cryogenic calorimeters (—15mK)

Separate cryogenic light detector to
detect the scintillation light signal

heat bath

g Energy deposition:

e | ~ *mainly phonons
-«+—— light detector (with TES)

(almost independent of the type of particle)

reflective and

<< cintillating housing Measurement of deposited energy
esmall fraction into scintillation light
B target crystal (characteristic of the type of particle)

Particle discrimination

\ T<—5 B Two simultaneous signals from the two
%(— thermal coupling transition edge sensors (TES)
heat bath
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CRESST Experimental setup

- liquid nitrogen

_~ liquid helium

_ SQUIDs

cryostat

- water

_— internal lead

- cold finger

- radon box

- internal polyethylene

o detector modules
&L .
= mounted in carousel

X

BB

_— external lead

ZRERENSERA

18 300g
detectors
in 2014

EARIE &

#—— external copper

3

=
T~ muon veto

i .T\“ external polyethylene

SQUID
Readout
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CRESST-II Resu
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CRESST-IIl detectors

Change of strategy to improve
sensitivity to low masses

Detector design optimization:

m Clean self-grown crystals

m Small crystals (20x20x10)mm?3

(259)
m 100 eV threshold design goal

m Small light detector (20x20)mm?
m 6 modules with <100 eV threshold

running at LNGS

- ‘?‘A

-t

Caw Oy sticks with
holding clamps (with TES)

Cawo target crystal

(with TES)

Reflecting and

nl scintillating housing

| Light detector
(with TES)

Eckert/MPP
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CRESST-Ill preparation
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CRESST-I111 modules installed in the
LNGS facility.
©T. Dettlaff/MPP ©T DettlaffIMPP Data taking since summer 2016
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CRESST-Ill phase | goals
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EDELWEISS DETECTOR
CHALLENGES AND PLANS




EDELWEISS collaboration
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EDELWEISS-III
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Surface event rejection

Fully InterDigitized electrode design

~870g detectors (¢=70 h=40 mm)

2 GeNTDs heat sensor per detector

XeF, surface treatment to ensure
low leakage current (<1 fA) between
adjacent electrodes

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

Phys Lett B 681 (2009) 305-309

Bulk event: charges collected by C;
and C, ; V; and V,, act as veto

Surface events: charges collected by
either C,V; or C,V,
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lonisation/Heat ratio

lonization energy (keVee)
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Nuclear recoil calibration + discrimination
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Gamma rejection & Surface rejection

m v rejection factor: < 5.6 x 10 [J Low Temp Phys (2012) 167: 1056-1062]
Updated now to < 2.5 x 10-% with additional detectors + statistics

m Surface evts rejection (?1°Pb+210Bj f3, 210Po «, 296Pb recoils): < 4 x 10
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EDELWEISS-III 2014-2015 data taking

m 161 days of physics data with 24 FIDs: >3000 kgd total

¥

. = Low electron-recoil bkg: 19 FIDs used
in first measurement of cosmogenic
production of 3H in Ge [arxiv:1607.04560]

R0 e AR A
y : 10 \ E Low Threshold ! .

) Ge F Selection . K

T 15 |
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Single hits |
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o
T

Counts/keV/kg/day
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10 Lot
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el

- = 8lowest threshold FIDs used for low-
mass WIMP search

4
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Low-Mass analysis

m  Analysis with Boosted Decision Tree [JCAPOS5 (2016) 019]
m  Analysis with Profile Likelihood [EPJC 76 (2016) 548]

m  Improvement by x20 to
x150 between 7 and 10
GeV wrt EDELWEISS-II

1 0-38

"y
]

[o+]

w

m Limited by heat-only
background: identification

—_
|

o

(=]

and rejection using the
0=230 eV resolution on

lonization

m lonization resolution is

WIMP-nucleon cross section [cm?]

key for rejection

L | m Heat resolution is key for
7 8 910 20 30
WIMP Mass [GeV/c?] low thresholds

(&)}
(o]
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Strategy for low-mass WIMP searches

1. High Voltage: Amplify heat signal to reduce threshold
- 8V—>100V

2. Lower the intrinsic heat threshold
< Improved heat sensors
- 500 eV (RMS) —= 100 eV (RMS)

3. Reduce background from heat-only events

e /100 heat only rate

4. Extend background ID to lower energy
< Improved ionization measurement

- 200 eV (RMS) -> 100/50 eV (RMS)
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Challenge #1: High-voltage

Reduction of Heat-Only by x100

Heat thresholds improved  [jow Temp Phys 184 (2016) 308] 100 6 (RMS) fon & het
- - 10 ;
using larger bias voltages \ Derived for BDT
£
E E £ Y H
= _|_ - 2
TOTAL RECOIL ION 8
3Volt &
S
Charge/Phonon sensors g
P ™ 9
) A g
R|7 3
N/ d
< prompt phonons E field =
AN = HV dominates Low V dominates
AR ——)
~ J J' vy o 1 1 | 1 | L1 I 1
Charge/Phonon sensors pao 2 WIMP Mas: [Ggw(% 1890 20
m Heat signal boosted by Neganov- ..l EDELWEISS v
. Preliminar
Luke effect (—Joule heating, . Y
100 20V
factor [1+V,;,/3] ) wﬂ\N 13384
m Loss of ionization-based bkg ‘”FWJ.J'P “n\ 356 keVline 1OIOV I?j'as
discrimination: method benefits 3000 W“w \\/; a I:ea yd
200 Mnn, :
low-mass searches only - i“x mwf Wﬁwh% Y ooV achieve

Total phonon energy (keV)
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Challenge #2: heat sensor resolution

JLTP 184 (2016) 299
Ba events: FID 837 @ 18 mK - MCMC3

m Better understanding of heat

== Data: NTD-A
= Data: NTD-B
= * Model: NTD-A
— * Model: NTD-B

thlltage V]
Q

Il|l|I| ||||||||‘ [ TTT

signal

< Thermal modeling of signal,
verified with dedicated R&D

—
S
=]

- ldentification of sensitivity to

—
Q
4

ballistic phonons

2
Time [s]

- ldentification of parasitic heat
capacity

m Sensitivity of 200 nV/keV " Averaged 1 keV template
“I Best fi

(x6 wrt present FIDs) | 95% C.L. ba
achieved on 250 g test

detectors

Voltage [V]
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Challenge #3: heat-only events

m  Dominant (+reproducible) background
at low energy

m Noise, cryogenics, stress from detector

suspension: excluded as sources of this
background

m  Remaining suspect: stress from
glueing, avoided via:

m Two “deported NTD”, glued on
separate sapphire wafer

m Photo-lithographied high-2 NbSi
TES, sensitive to athermal phonons

m Following promising tests, present cool-
down @ LSM of 5 detectors with these
new designs
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GeV-range prospects with goals 1+2(+3)
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Future: reduce backgrounds, increase mass

T — [JLow T Ph
m EDELWEISS sensitivity for 35 ton.day = 100 kg x 1 year T4 ‘Z;Vm‘é;“gos i’s

m  Suppression of Heat-Only becomes essential in GeV range
m In 5-20 GeV range, need:

< Improve ionization resolution (for discrimination) from ¢=230 to 100 eV

- reduction of neutron + bulk electron recoils reduction by /10 wrt present setup
= achievable in future in SuperCDMS environment planned @SNOLAB

10% g
= Exposure : 35000 kg T
—lon : 100eVee Heat : 100e Ssr - . .
9 [_No Heat iy W m  Study implication of
No Neutron & Compton {10 DAMA SuperCDMS tower deS|gn

+HEMT readout on
EDELWEISS detectors

S"F‘E*‘CDMS .

—_

o
(41
O

IIIIIﬂ|] IIII|T|'|| IIIHI

100V

m Collaboration on CUTE test
facility @SNOLAB

10
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S
&

m  Study improvement of charge

—
o
i
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w1 Eliackgroundfree serlrsr'tiuitfes | *“le‘_:h:llh_?‘fhl _‘*_:______ readout Wlth HEMTS
R ATREN 2 3 4 5 6 78910 20

WIMP Mass [GeV/c ]

December 6th, 2016 EURECA @ 3rd Berkeley Direct Detection Workshop 31



Goal 4: 1onization resolution

= Transitioning from JFET to HEMT A. Phipps et al, arXiv: 1611.09712
= Lower intrinsic noise, low heat load 600 600 ————
D41 - ; Noise blob ,
- Works at 4K: shorter cables reduces 500 F*Am calibration 500 | ‘
capacitance and improves resolution » 400 w 400 }
= =
= Considered by EDW/HARD (resolution) 2 300 g 300 |
[XB+AB NIMA 787 (2015) 51] 200 O 200 |
100
and SuperCDMS (heat load) 0 1“ A “ 100 ¢
[AP, JLTP 176 (2014) 466 and 911] 0 20 40 60 0
L . Pulse Amplitude (keV..) 06 -03 0 03 06
e Successful HEMT amplifier with Pulse Amplitude (keV.,)
sub-100 eVg,s ion. resolution
[A. Phipps, arXiv:1611.09712, collaboration FID842 FID824
between SuperCDMS and EDW] 2 mm Spacing 4 mm Spacing

e Step#1: Upgrade EDW ionization
readout with this new design

e Step#2: Electrode design to reduce
detector capacitance to reach 50 eVgys

e Increase of electrode spacing
from 2 to 4 mm already
successfully implemented
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Entering the 8B region

m  Projection with =100 eV ion. resolution, 100 kg x 1 year
= W*e =
“iEJ = EDELWEISS-IIl 2016 - =
; 10—39 ;_ _ -
e = With ¢,,,=50 eV,
k= = P
'% 10740 %_\CRES:BT-G: phase 1 \ \\\- 100 kg X1 year
8 S \ sufficient to enter
8 ool . EDELWEISS 2017/18 \ the v floor
sl i T -~ \ \\\\
(&) - CRESET e T \ ' h
S 402  CRESSTE8jphase 2 2 \ :
o 10 858 A =
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= - ) vl TR T > P i -
104 B~ T eeeameel R, g
R
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“ S bkg fre""\ ................. — ]
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8B region exploration with FID+HEMT

m Separation of 8B CNS signal
(—6 GeV WIMP, black)
with c;,,, = 50 eV
(wrt present —200 eV)

m  E resolution: ~10% @ 1 keV,
spectral separation for WIMP
searches close to 6 GeV

m  Simulated BDT analysis:

78 “bkg-free” 8B events in 1 t.y
(8 in 100 kg x 1 year)

lon. (keV,.)

15 25

172
Heat (keV..)

0]

0 1 2 3

Heat (keV..)

[ Tritium

B Neutrons
[ Heat Only
B Lead

7] Beta

I Cosmo. lines
[l Compton
I Neutrinos
-e- Data

2
m Paving the way for a detailed *
measurement of this important g
(and yet to be observed) 1
background from 8B v CNS 1070 1
BDT output
34
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Conclusions

The European collaboration for cryogenic crystal detectors
(EURECA) has updated its objectives relative to its 2014 CDR

Emphasis for 1-20 GeV WIMP masses, for which the detector
technology is ideally suited (low threshold on heat signal)

2017-2018 prospects in the GeV-WIMP range: 10-
4lcm? @1.5 GeV with both CRESST and EDELWEIS, achievable in
present facilities @ LSM and LNGS

 Factor 10 improvement in a future 1000 kgd CRESST-II1I phase-II

Larger exposure with lower external background:
collaboration with SuperCDMS@SNOLAB

- Adaptation to SuperCDMS tower design under study
Prospects for WIMPs in the 8B region

e ~100 kg low-capacitance FIDs+HEMTs at SNOLAB to complement
nicely the SuperCDMS-SNOLAB reach with clear “bkg-free” 8B CNS signal
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BACKUP
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Low-Mass analysis

m  Analysis with Boosted Decision Tree [JCAPOS5 (2016) 019]
m  Analysis with Profile Likelihood [EPJC 76 (2016) 548]
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Low-Mass analysis: surface background

m  Analysis with Boosted Decision Tree [JCAPOS5 (2016) 019]
m  Analysis with Profile Likelihood [EPJC 76 (2016) 548]

Data-driven background models
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Low-Mass analysis: fiducial electron recoill

m  Analysis with Boosted Decision Tree [JCAPOS5 (2016) 019]

m  Analysis with Profile Likelihood [EPJC 76 (2016) 548]
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First measurement of
cosmogenic production of 3H
in Ge [arxiv:1607.04560]
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Low-Mass analysis: neutron background

m  Analysis with Boosted Decision Tree [JCAPOS5 (2016) 019]
m  Analysis with Profile Likelihood [EPJC 76 (2016) 548]

15 Data-driven background models
8 | 8 detectors combined based on sidebands
2 + 496 kg-days
> El.z
= §
© 10 §
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Low-Mass analysis: heat-only background

m  Analysis with Boosted Decision Tree [JCAPOS5 (2016) 019]
m  Analysis with Profile Likelihood [EPJC 76 (2016) 548]
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Data-driven background models
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What can be done with 1 kgyear Ge

m Calculated assuming present EDELWEISS background
(including Heat-only)

-38
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Xenon experiments may
reach B floor in coming
years

— Very small efficiency
limited by photon collection

— 8B backgrounds difficult to
control: very little spectral

response
g E
Eg 32 keVnr "
g I
< B —— .. |,
XENON -
E R
¢S1 [PE]

8B region with xenon

LZ WIMP Signal Region Example
- We must also understand 8B signal

3.6 Contours of Expected Signal Regions
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Measurement WITH good energy resolution
and background rejection is needed to
properly control this background
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