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Direct detection, SI, status at sept 2014
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Ge cryogenic detector : 3 parameters to isolate signal
Example of Edelweiss detectors

¢ Germanium bolometers T 4

e Jonization measurement @ few V/cm
* Heat measurement (NTD sensor), 20 mK

* Discriminating variable between ER and NR All
« Q » =ionization/recoil energy planar
electrode

Neutron Calibration

-
-

—
N

lonization Al electrodes ~ 100 nm
(center channel)

amorphous Ge
or Si ~ 60 nm

—

lonization
(guard channel)

o
o

Heat
channel

lonization Energy/Recoil Energy (Center)
o o
FS ©

o
(%)

Neutron calibration

- . (S. Scorza PhD thesis) NTD sensor
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Ge cryogenic detector : 3 parameters to isolate signal
Example of Edelweiss detectors

’_\

« Germanium bolometers L
* Ionization measurement @ few V/em - -~ Al electrodes ~100nm thick

* Heat measurement (NTD sensor), 20 mK A\ v«ji;s S S S s meag TP
* Discriminating variable between ER and NR { I/

Vi: +1.5V
« Q » =ionization/recoil energy
Neutron Calibration
£1.4
e 14
< C2: +4V
1.2 |
5 V2: -1.5V
c
o1 1
8 Bulk/Fiducial event Surface event
g 0.8 | Charge collected on Charge collected on
5 GRS electrodes C1&C2 electrodes C2&V2
% 0.6 AT e T
T {:nuclear recoils (NR) -
] Y T T SR
- 0.4 * > '}‘P" ¢ ';;."_..‘: AT
5| P e 800 g FID80O0 actual detectors
§02 " Neutron calibration

-+ (5. Scorza PhD thesis)
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20 40 60 80 100 120 140 160 180 200
Center Recoil Energy (keV) m = lonization « VETO » = > « Surface/beta »
identification : if non zero, reject event @
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Ge cryogenic detector : 3 parameters to isolate signal
Example of Edelweiss detectors

- 1.4 Calibration

with2opp T

¢ Germanium bolometers

* Ionization measurement @ few V/cm

* Heat measurement (NTD sensor), 20 mk

* Discriminating variable between ER and
« Q » = ionization/recoil energy

Neutron Calibration
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. Neutron calibration
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The SuperCDMS Collaboration
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SuperCDMS Soudan Detectors
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o 15 detectors deployed
« 600 g Ge each
« Operated at ~60 mK

e 2x (2 charge +4 phonon)
readout

lonization yield — rejection of bulk

background
15 -

1338a bulk gammas
+ 133Ba surface events |
O  252¢f neutrons

T
4

—-—h
T

COMS 11y

o
o

lonization yield

0 2I0 40 60
Recoil ener
Surface bacﬁgrouﬂ

- Radial position

80 100
kre(\a'}ected by

- Timing of phonon signal

30

. 1338a bulk gammas
+ 'Ba surface events
O  %2Ctfneutrons

200

10}

(CDMS 1)

Normalized yield

LS g e e 2

-10

-10 -5 0 5 10 15
Normalized timing parameter

- Added : interleaved electrodes (iZIPs), ¢f EDW



Low-threshold blind analysis

’_\

Select high quality data
Simulate backgrounds

210Pb decay chain on detector,
housing

External gammas from
shielding and cryostat

Internal activation lines from
cosmics and thermal neutron
capture

Cosmogenic and radiogenic
neutron background (small
contribution)

P. Di Stefano, Queen's

Optimize Discrimination for

various WIMP masses using a
boosted decision tree

— Parameters : phonon energy,
ionization, phonon radial
partition, phonon z partition

— Trained on:
- Simulated background

- Neutron data weighted to
represent WIMP spectra at
various masses

12



Low-threshold unblinded results

Lindhard nuclear-recoil energy [kevnr]\J
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SuperCDMS low-threshold results

90%CL upper limits set using optimal interval technique

Limit with all
11 events

—

95%CL uncertainty
band (trigger, energy

scale, fiducial volgyme)
-39
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—
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First SuperCDMS results with BG discrimination

PRL 112, 241302 (2014)

-3

A
o
T

A
=

A
N

A
w

Xpéecteédi E y g
sensitivity

'
EN

S S
WIMP-nucleon cross section [pb]

—
O.
[e)]

= =d0

3
WIMP mass [GeV/c?]
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CDMSlite ; Other running mode of Ge detectors : enhancing

Neganov-Luke Phonons by HV between electrodes

In Vacuum

In Matter

+

Electron gains kinetic energy
(E=q-V—=1eVfor1lV potential)

Deposited energy in crystal lattice:
Neganov-Luke phonons

o V, # charges

* Luke phonons mix charge and phonon signal — reduced discrimination
* Apply high voltage — large final phonon signal, measures charge!!

* ER much more amplified than NR

—> gain in threshold; dilute background from ER

Courtesy of Wolfgang Rau

15



Luke-Neganov effect in CDMSLite:
Use phonons to read charge

R

Exposure 6.3 kg.d

Excellent threshold (170 eVee ie

« Bias a standard SuperCDMS 600 g iZIP .
detector at 69 V (rather than 4 V) 840 eVnr on Ge), resolution (1o

e , 43 eVee @ 1.3 keVee)
« Phonon amplification proportional to C
charge, bias voltage (CDMSLite: x24 for Loss of background discrimination

gammas) BG diluted with respect to signal
45 :
6 1
40 .
5t o 1
P.N. Luke et al., NIM A289, 406 (1990) 357 g 4y ;< lonization threshold | e
;‘;‘:l‘ keV Vo= GOV P 30 }: 3? : 0.5%
1| =20 . |
3% 1H o NH ]
_— = 20 T
@ Vo = 100V s 01 04 07 10 13 18
S 157 Energy [keVee], bin width= 10 eVee
8 hbna L 10
Vg = 140 V 5- |
j 0 o ol i g o' ﬂﬂum [ L
! I 0 2 4 6 8 10 12
N Energy [keVee], bin width= 75 eVee

0 1024 (n activation — K and L shell captures of "'Ge visible)
Channel number



oy, [cm?]

CDMSLite first result

10

10

First SuperCDMS results

TEXONQ ~CDEX

« Despite small exposure
...................................................................... (6 kg.d), CDMSLite set
new constraints <6 GeV
_‘ thanks to excellent
400N TG RN e threshold
................................ “|~~ : ‘ -'-‘_ . CDMSthe Willincrease
| CDMSlite (This result) W | exposure to better
S understand
""""" backgrounds
_________________________ 1_0_82_._._,_ ”Si”""@"'”‘”””
: v e ~Now, some SuperCDMS
XENON | “"'.E CDM ?ICAOSOdetec’cors being
41 . . 100 ‘;‘ W LT i N operated in this mode
3 4 6 8, 10 12 18
m, [GeV/c"] CDMS,
EDELWEISS « NB: QF to be known

PRL 112, 041302 (2014)

accurately 17




CDMSLite : Quenching, an important input

- . Need to transtorm energy scale T
calibrated with electron recoils to \_#
nuclear recoils « Affects limits mainly

« Experiments in literature use beneath 7 GeV
different electrical fields,
temperature — chose standard — Regular Lindhard, = 0157
. . v —— Lindhard with k = 0.
Lindhard model (cf Barker & Mei) \ Lindhard with k = 0.2
Xy == Power Ia\_lv from CoGeNT
o4 Comparison of yield using different models - \ BN \ ggm:zg: ggoﬁ gt
' lindhard k = 0.157 A [ coGeNT
lindhard k =0.2 a0 b NN\
0.35_ CoGeNT 2 ‘,E, ....................
—— EDELWEISS S b SRR
lindhard k =0.1 L= T D . e
0.3/ * TEXONO T T E— =
© Barbeau + B B N
0  Jones /,—// :
Hi:_,/t/_ A =
= 1 107 ; . |
3 4 6 8, 12 18
mx [GeV/c“]
0.5 1 2 3 4 5 6 78910

Recoil Energy [keVnr] 18



EURECA collaboration
5

EDELWEISS, CRESST and others
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EURECA Initial goal (2012) ﬁ(IT
EURECA 1ton-stage

- -
e
E__3

Physics of the Dark Universe 3 (2014) 41-74

Contents lists available at Sciencelirect

Physics of the Dark Universe

journal homepagae: www.elsavier.com/locate/dark

EURECA Conceptual Design Report @ Cromtack

The EURECA Collaboration
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EURECA sensitivity as in CDR 1t detector mass Ge CaWod - QT
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EURECA strategy change

UperCOME Socuden COMS-ita
SuyperCDMS Soudan Low Thrashold
XENON 10 52 2013)

March 2014

SKIT

Karlsruhe Institute of Technology
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®B neutrino “goal”
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* Neutrinos interact also through coherent
scattering againt whole nuclei =>CNNS

Number of events [(ton.year) ]

* Example Ge

v
' :I
LI | |

IIIIIII INRRGIHh! IR

— 1 evt/10 000 kg.d for Enr>2 keV ot 10t
— 10 evts =100 kg fiducial for 3 years

* What is needed ?
— FID800 Ge : FWHM ion =200 eV, FWHM phonon =500 eV
— Expected backg =1 evt with €=90 %

 Status now ?

10

2
1Energy thrla%hold [ke\}]0

Jullien Billard :



@ Moglgne Lab

FID800



S

EDELWEISS-IIl = French, German, Russian, UK @ Maoglgne Lab

| 36 FID8O0O glietectors operated at LSM
, ' ~ ‘ g | w& | ., [

* 500 eV FWHM ionization; 300-1000 eV FWHM on heats (8V polarisation)
* Now 600 kg.d for physics (after quality cuts+eff for wimp search) end 2014
2015-2016

* Installation of Low Mass Detectors (improved FID800 with< 300eV FWHM
on both heat and ionisation (HEMT)

—

CERETTIT TR T

FID800




CRESST latest results AT

Kerlsruhe nstitute of Technology

WIMP-nucleon cross section [cmz]

80 - 179TaL1(I;C) | 20 — all events
20 | commercial crystal
> . TUM-40
- 60.’ 1| 2TAc | 210pp
3o |
a0 1 j
o]
82!
01 .CRESST -
e 4 r . 10 PR T e T T TR T T T T 10
5 0 2 » " 5% R e 0
recoil energy [keV) g 10 10
£ 10° 140
2 ,‘
8 10" 10
29.35 kg-d exposure 2 . .
. @10 110
energy resolution:(107£3) eV 5 4
c 10 1
energy threshold: (603+2) eV 8 !
g 107 110"
[ —
. a 10t 44
arXiv:1407.3146 =" 10
= 107 =10

© Coherent Neutrino Scattering on CaWO,

1 2 3 4 56 789;0 20 30
WIMP mass [GeVic]

22 Klaus Eitel | EURECA status | EDW collab meeting 09/2014
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SuperCDMS at SNOLAB (i
MiniCLEAN (DEAP-
i

; N
» Setup holds up to ~400 kg detectors
* Planned shielding includes neutron

veto detecto

P

Shielded SuperCDMS /&

8 37 ‘ -
by :
Cryostatand g, /7 Main
g, SuperCDMS setup
(shielding, cryosta

‘!‘ detectors & ¢ ) R detector test facility
1 .
SuperCDMS
utilities
'4%0.05 \-/

* Funding: Selected by DOE/NSF as one of two “G2” WIMP search experiments
* Total project cost: ~¥$25-30 M, including $3.4M from Canada (CFI) 27



SuperCDMS at SNOLAB

» Setup holds up to ~400 kg detectors
* Planned shielding includes neutron
veto detectg

P

Cryostatand g,

‘! detectors
S

Water and Poly outer shielding

107!
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OIS S

R Q
=100
X 204 3
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” 10
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WIMP-nucleon cross section [pb]

10—12
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“i0 100

WIMP Mass [GeV/c?]

* Total project cost: ~¥$25-30 M, including $3.4M from Canada (CFI)

1000

* Funding: Selected by DOE/NSF as one of two “G2” WIMP search experiments

10

LO_ 14

* Initial payload includes mix of
standard and HV detectors (50 kg
Ge, some Si)

* Room for significant additional
payload e.g. from EURECA
(CRESST, EDELWEISS) or advanced
HV dets.

28



Cooperation SuperCDMS/EURECA

SKIT

Karlsruhe Institute of Technology

80K

» cryogenic design for S-CDMS .

( | f—

> with T=15mK (cooling power 5uW) 1o - i

20 K
45K
0.75 K

I ]

Institut Néel Grenoble, Saclay 120 mK

» shielding concept

. ICRYOLINE !’/ )
» active water Cerenkov, borated

liquid scintillator, full optical G4 model

1800 mm
o

1400 mm
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KIT, UMN, Kurchatov

» detector towers : i

» design & build tower prototype "
compatible with S-CDMS concept
Tubingen, TUM, KIT

» potential for low mass WIMPs

» sub-keV(NR) efficiency for CaWO, crystals

> “low mass” sensitivity with different target (Oxygen)

» 2keV(NR) thresh for EDW-Ge, keeping discrim. power |
» complementing S-CDMS Ge detectors 0 .
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GG contribution through CERC

* Reinforce SuperCDMS team @ W

* Project of setting up tower test cryostat @ SNOLAB being
investigated

* Also setting up experiment with light nuclei (H,He, Ne)
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Outlook

« Many theories & models pointing to low mass DM
— Asymetric DM 5-6 GeV (K Zurek)
— Dark Sector Mev-GeV range (P Schuster, N Toro @ PI)

— Self interacting DM (S Tulin @ York)

* SuperCDMS @ SNOLAB will be unique worldwide infrastructure for
cryogenic detectors

— Ambiant local radioactivity decreased by 2 orders of magnitude
— International coordination for

* designing modular and optimised system for detector tower
operations
 optimising detectors to be used for GeV to 20 GeV DM exploration

* Significant role of Canada through UBC, Queen’s and SNOLab teams



