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Direct Dark Matter Searc

Coherent, elastic WIMP-nucleon scattering Example:
I WIMP i i ° mX= 100 GeV/c?
nucleus o
m,, V,, E 8
O "o Ly =230 kmis

N * m;= 184u (tungsten)

> E(max) ~ 38 keV
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Differential WIMP Rate . saosres,..,

mass number of nucleus
reduced mass

'm,: WIMP mass

' V,: mean velocity Earth-WIMP
p,:  WIMP density @ Earth |
- 0y WIMP-nucleon cross-section

______________________________________________

dR N Mt . Px ) 0'0A2 ) F2(q) ) e—(mT/2v§u2)-Er

dE,  p?  my




. i My total target
lefe re ntlal WI M P Rate | mT: tgrgetar?aessr?ﬁﬁileus)
A mass number of nucleus
M: reduced mass

'm,: WIMP mass :
'V,: mean velocity Earth-WIMP |
p,:  WIMP density @ Earth

- 0y WIMP-nucleon cross-section

rate

recoil energy f

exponential spectrum due to Maxwellian velocity
distribution of WIMPs

measure in

—(V=ve)2/v2
experiment F(v,ve) = e~ (vVe)*/u




Differential WIMP Rate . e

| A: mass number of nucleus
' M: reduced mass

'm,: WIMP mass

' V,: mean velocity Earth-WIMP
p,:  WIMP density @ Earth

- 0y . WIMP-nucleon cross-section

rate
M P 2,,2
> — . 0pA? - . e~ (mr/2vp%)-Er
recoil energy
nuclear physics input
measure in Form factor: F2(q)

experiment



Differential WIMP Rate M weersetmas

| A: mass number of nucleus
' M: reduced mass

'm,: WIMP mass

' V,: mean velocity Earth-WIMP
p,:  WIMP density @ Earth |
- 0y WIMP-nucleon cross-section

rate

7

recoil energy N

Astrophysics input

_ local WIMP density: 0.3GeV <p,<0.9GeV
measure In mean WIMP velocity: ~ 230 km/s
experiment WIMP mass: 1 GeV <m, <1000 GeV



Differential WIMP Rate . e

| A: mass number of nucleus
"M  reduced mass

'm,: WIMP mass

' V,: mean velocity Earth-WIMP
p,:  WIMP density @ Earth |
- 0y . WIMP-nucleon cross-section

rate
M P 2,2
-~ X ) F2(q) P (mr [2v5u®)-Er
K= My Vo
recoil energy T P —————— :
eg CaWwo,
Scattering cross-section
- W ~95%
_ Coherent scattering (assumption): ~A%2 = Cg ~ 4%
measure In 0 ~1%
experiment WIMP-nucleon cross-section: << 1pb



Expected Recoil Spectra
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Constraints on WIMP Parameter Space
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Improving Direct Dark Matter Experiments

Active detector mass

\
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Strateqies:

1. Increase of target mass



Improving Direct Dark Matter Experiments

Strong dependence on choice of target

\

dR MT . 9 N 2
n (mr /205 p?)-Er
dE, mvao (9)-¢

Strateqies:

1. Increase of target mass
2. Use of different targets (multi-material approach)



Improving Direct Dark Matter Experiments

—————————————————————————————————————————————————————————————————————————————————————

Sensitivity
e ~t in case of no background
g ~Vt in case of background

L - =const in case of background (not subtracted) 5
Measuring time | |

Mr . _Px 00A2 . FQ(Q) : e_(mT/Qvgﬂz)'Er

e

Strateqies:

1. Increase of target mass
2. Use of different targets (multi-material approach)
3. Reduction of backgrounds



Improving Direct Dark Matter Experiments

exponential dependence
threshold

dR M
\ —n — PX_ . 5o A2 . F2(g) -

p2 o

Strateqies:

. Increase of target mass

. Use of different targets (multi-material approach)
. Reduction of backgrounds

. Reduction of the threshold

HPOON-=-



Outline

- Recent R&D for CRESST

1. Increase of target mass

2. Use of different targets (multi-material approach)
3. Reduction of backgrounds

4. Reduction of threshold

- New Concepts for CRESST

- Alternative Detector Concepts
- Low-Threshold Analysis
- Limits on Rare Processes
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R&D Activities for CRESST — An Overview

Uni Tabingen:
+ Data analysis
*  Detector development

TU Minchen:
/ » Crystal growth and characterization
‘ * Quenching-Factor measurements

[ ) D -
e Data analyis
o y

\ * Detector development

HEPHY Wien

MPI Munchen

» Detector production
* Detector development

+ Data analysis
* Operation of CRESST

- —— 1 LNGS Assergi
o * Operation of CRESST

» Data analysis



R&D Activities for CRESST — An Overview

4

Uni Tubingen:
g ~,‘§

+ Underground laboratory
*  Dilution refrigerator
« Evaporation system

N TU Munchen:
° ‘ » Crystal laboratory
P » CRESST neutron scattering
facility at MLL

3 dilution refrigerators
» Extended Underground lab

MPI Munchen

» Evaporation systems
2 dilution refrigerators

LNGS Assergi
* CRESST experiment
* CRESST test cryostat




CRYSTAL GROWTH

CaWOQO, production at TUM




I
CaWQ, Crystals as DM Target

- Basic properties — .

* Density: 6.1 g/cm3 By 4

* Melting point: 1600°C S&’i s c-usmA

+ Crystal structure: tetragonal- B o

dipyramidal ’ 7
- Refractive index: 1.95 % . e
- Debye temperature: ~250K 7 P 7|
A Lle
R t}‘ /ansonh

- ; WO ) Tetraoder
Kristallstruktur

des Scheelits

“anan

- Multi-material target
* Heavy W isotopes (A=184): enhancement for coherent scattering
* O(A=16), Ca(A=40): sensitivity for low-mass WIMPs
- 183W(14%): some sensitivity for spin-dependent scattering
*+ 48Ca(0.2%): 0v2B candidate
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CaWO, Crystals as DM Target

- Scintillating crystals

* Luminescence centers: WO,* a0 \ [ raen e
+ Emission maximum: 420nm 3™ —imemnn
- Light yield (@300K): <20.000ph/MeV 1~

* Decay time (@300K): ~ 9us 0

* Light yield (@ mK): ~1.8 x LY(300K) o

* Decay time (@mK): ~400us S, T



CaWO, Crystals as DM Target

- Scintillating crystals 2 e
* Luminescence centers: WO,* a0 \ [,
+ Emission maximum: 420nm 3™ —ims o,
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* Decay time (@300K): ~ 9us 0
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° . . . . . 0, e
Active background discrimination = *
o —J -l
CRESST detector = w0 ..?su
£ | (e 3w a0
goos‘g p h O n O n E IIO;; ; . \‘?“
oooE Ilg ht g |u)E "-‘i}:f‘- -
it i o
l.‘l02EL (0% "f
" - ' - |
o.oz? z.‘%r o ,’,{.'&0' ‘..:.—r_"ﬁ";,‘l..-\;.-

BT R TN I

wewy fompe nhonon



I
In-House Production of CaWO,— Why?

1. Increase of target mass:
* Current mass CRESST (run33): ~5kg
* Maximal mass CRESST: ~30kg
* Future bolometric experiments (e.g. EURECA): 100-1000kg

2. Reduction of backgrounds
« Control of all production steps
» Reduction of radioactive contaminations
» Increase of light output (transmittance)
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CaWO, Crystal Growth at TUM

Czochralski Growth at TUM
Cyberstar Oxypuller 20-04 Czochralski furnace

« 80mm/120mm diameter Rh crucibles

« Continuous weighing of crystal during
growth

» After-heater on top of crucible

e Growth under flow of 99% A,

* 1% O2 — reduce oxygen deficiency of
crystals \

CaCoO, + WO,
>

Cawo, + CO,

A. Erb, M. v. Sivers
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Successful Growth of CRESST-size Crystals

raw ingot

Cylindrical detector crystal (standard
CRESST size):

« m=300g

e D=40mm, h=40mm

m=890g » Reproducible production cycle
D=44mm, h=65mm > 1 growth per week possible



CRESST Test Cryostat at Gran Sasso

Unique facility to operate CRESST-size
detector modules

cryostat

shielding

K.Schaffner (PhD 2013)

dilution fridge, base temperature ~7mK
muon flux reduced to ~1m=2h-"
Pb shielding (4tons)

Dominated by external radiation (e.g. 239Th)

e’y - rate: ~103 keV-kg-'day-"

Neutron-rate: O(10 kg-'day-') above 10keV



I
First Test of TUM-Grown Crystal

W-TES Commissioning run at the test cryostat
at Gran Sasso:

|

'Rudolph VI (TUM-27 |
. StanFc)jard C(RESST si)ze Excellent phonon properties

h=40mm 240mm » Phonon-energy resolution
. 300g (0=1.5keV @ 122keV)
« Reasonable light output

———————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

sl e ,anﬁm) e | Radiopurity (a analysis):

- i ~  Exposure: 1.82 kg-days
;530_— “\ P () » Total activity (1.5-7MeV):
a0l q 2.93+0.17mBq/kg

(ext) ) :

10—1 o \ g : i > Well-competitive with best

0' 4,,/1 1 ..Ju._...r.d“ W N ',l I commercial crystals

- 1 . l - 1 .l l s l s
2000 3000 4000 5000 6000 7000 8000 9000
energy [keV]



Radioactive Contamination of TUM Crystals

e /gamma background can only be studied in CRESST - First glance on run33 data

30

crystal TUM-40 * very clean crystals

[\
N
T

\®]
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T

p—
)}
T

counts [/kg/keV/day]
o

10 20 30

40 50
energy [keVee]



Radioactive Contamination of TUM Crystals

/ back 4 Typical commercial crystal (Verena)
e gamma ac groun C 227A¢ 227A¢ 179Ta  181W
Z 40 ‘
30F E 35
= 20
5 25
.—.257 8 208 : :
o S
o 15k AP . : _
> 207 10 | . |
[} : ]
E | A
(@) ; .
< 15¢ 100 20 30 40 S0 60 70 80 90 100
) Energy / keV
I
3 10f
(&)
5,

40 50
energy [keVee]



Radioactive Contamination of TUM Crystals

e /gamma background can only be studied in CRESST - First glance on run33 data

30F ‘ |
crystal TUM-40 » very clean crystals
,;25 * Very low intrinsic
3 210Pp contamination
S 20F =>»Small contribution
g from 238U chain
215)
= 210Pb (ext)
2
C
3 10f J
(&)
5,

10 20 30

40 50
energy [keVee]



Radioactive Contamination of TUM Crystals

Typical commercial crystal (Zora)
e /gamma background c @
227Ae 210Ps IT9Ta  ISIW
.6 45 e = T | T | T | Ul I ;'l | T T
2 40
30F Z 3
= 30
25t 3 2
= © 20
% 15
'O -
%20 10
X 5
(@) s -
< 15F % 10 20 30 40 S0 60 70 8 9 100
%) Energy / keV
I
3 10f
(&)
5,

10 20 30

40 50
energy [keVee]



Radioactive Contamination of TUM Crystals

e /gamma background can only be studied in CRESST - First glance on run33 data

30

crystal TUM-40 » very clean crystals

;25 * Very low intrinsic
g 210Pph contamination
S 20F =>»Small contribution
g from 238U chain
215t 210
? Pb (ext) * No indications for
*«;:; 22T Ac contamination
3 10f ¥
(&)

5,

0

10 20 30

40 5
energy [keVee]



Radioactive Contamination of TUM Crystals

e /gamma background can only be studied in CRESST - First glance on run33 data

30r
o S _ » very clean crystals
Origin of dominating lines?
- v o
;25 * Very low intrinsic
& 219Pb contamination
S 20F =»Small contribution
2 v from 238U chain
2 15F 210
= Pb (ext)  No indications for
c 227Ac contamination
o 107 v
(&)
5,

10 20 30

40 50
energy [keVee]



Radioactive Contamination of TUM Crystals

Cosmogenic activation of W isotopes:
e/gamma backgroundc
1B2W+p =2 Ta + a (proton capture)
30F |
19Ta+ e =2 "OHf + v, (EC, T,,=1.82y)
v : K-shell energy: 65.4keV
20 L-shell energy: 11.3keV (L/K ~ 1)
§ e
S 20¢ 8W + p = 18IW + t (proton capture)
< |
215 8IW + e D 181 Tg + v+ y62keV) (EC, T,,=121d)
[%) ' K-shell energy + y: 67.4keV
c L-shell energy + y: 17.9keV
o X 7 T
(&)
5,

10 20 30

40 50
energy [keVee]



Radioactive Contamination of TUM Crystals

e /gamma background can only be studied in CRESST - First glance on run33 data

% 179Tg crystal TUM-40 « Very clean crystals
;25 ‘j/ * Very low intrinsic
T 17974 210Ph contamination
S 20F =>»Small contribution
g 81y \1' from 238U chain
(@)
24l
= P 21%Pb (ext) o « No indications from
§ ol W 22T Ac contamination
8 v

» Radiation from
S5t cosmogenic activation
of W dominates

10 20 30

40 50
energy [keVee]



ACTIVE BACKGROUND SUPPRESSION
Phonon-Light Technique




Typical CRESST Detector Module (Run32)

light yield = 3 ,
. o~ .

light z05 § .

phonon =IE ‘

.'-:\:.. : {

0 SR B T B e e e TN A o

0 20 40 60 80 100 120 140

Energy [keV]

phonon



Typical CRESST Detector Module (Run32)

Reduced light

output for
3 highly ionizing
z particles
quenching

0 20 40 60 80
Energy [keV]



Typical CRESST Detector Module (Run32)

Reduced light

output for
3 highly ionizing
B particles
>
. |
quenching
0':?."0..  ERRERSERE e ,._L‘J;",..- |“Ca
I | W
0 | 20 40 60 80 _ 100 120 140
Energy [keV]

Lower bound defined by e/gamma leakage

Reduced intrinsic contamination = reduced discrimination threshold



Typical CRESST Detector Module (Run32)

Neutron calibration

700

600f Ca 12-40keV ;
1 500} y
2 4001
o Al IR
- > 200t
® v
2 5 100}
~ 05 a3
= S
. 2= 0.05 0 0.05 0.1 0.15 0.2
- .g; X = light yield
| & d
2 o 1,0
L L\ . {K
T - .J:l l‘“ Ca
0 1 W
0 20| 40 60 80 100 120 140
Energy [keV]

Acceptance region for WIMP scattering
typ. 12-40 keV (O, Ca, W)



Typical CRESST Detector Module (Run32)

Neutron calibration

700 T
600} Ca 12-40keV -
1 500}
2 4001
-!:"'.‘? | 2 s00
- 2 200}
® v
2 . oo}
= 0.5 - |
L ! 0
2 g -0.05 0 0.0 0.1 0.15 0.2
- ﬂ" light yield
to e Y .
53 o 0 < Quenching
N O === 1" ca £ Factors (QF)
0 Tlhtss e Al G e v ” (B IS €
| W
0 20 40 60 80 _ 100 120 140
Energy [keV]

Light-channel resolution limits the experiment!

Challenge:

* Improvement light detectors and light collection
» Precise measurement of the Quenching Factors



T
Motivation |: Sensitivity to Different WIMP Masses

g Low WIMP
g w masses <20GeV:
% - only O, Ca recoils
2 above threshold
2
5 . High WIMP
£ 10 masses 230GeV:
3 dominated by W

10 recoils

! Neutrons mainly
visible as O
10 scatters

OR

2
X oynAce EO
differential __— 8ER xn \
mass number

recoil rate



Motivation Il: Background Discrimination

e’ly background
« Excellent discrimination
* Dominant background source

0.5

Light Yield

a background (degraded)

{10
EW

120 140

Neutrons

« Strong energy degradation
* Due to kinematics: mainly O scatters

206Pp recoils
» from surface contamination of clamps
* low light yield



LIGHT DETECTORS

R&D to improve CRESST light detectors




T
CRESST Light Detectors

Standard CRESST light detector

« Sion sapphire (SOS), 40mm diameter
« W-TES (1.5mm x 2mm)

» typ. Threshold: 20eV

ALO, on Top Polished Side




T
CRESST Light Detectors

Standard CRESST light detector
« Sion sapphire (SOS), 40mm diameter Black silicon

« W-TES (1.5mm x 2mm) « Nano holes by
 typ. Threshold: 20eV surface etching

« High absorption

over wide
/ wavelength range

SOS Si Black Si
ALO, on Top Polished Side Roughemed Side




Alternative Absorbers for Light Detector

Visible Spectrum
'WF"‘“—‘"—"‘" b 8000
90 .. Black S 7000
80+ \ m
! . 8000 2
. 704 g
£ 60- 5000 5 Alternative scintillating
S 50 - 4000 & crystals require broad
B i |
g 40 - 2 absorption spectrum !
30 - * |
20 2000 9
§ o0 3
0 0
300 350 400 450 500 S50 600 650 700 750 80O

Wavelength [nm]

Black silicon as cryogenic detector? — currently under investigation at MPI (A. Tanzke)

+ Investigation of superconducting absorption layers on Al,O; (F Petricca)



Neganov-Luke Amplified Light Detectors

e Photon absorption in light detector = free charge carriers
e Recombination of charge carriers = phonons
o Application of Neganov-Luke voltage across absorber

e Drifting charge carriers = additional phonons

composite light detector with Al electrodes
for Neganov-Luke amplification

scheme of the Neganov-Luke principle

Total energy E,,; deposited in the absorber: Eror = (1 . ‘i'-\:ﬂ'-)-Eo
e.g.. Vnr = 40V « signal amplification by A(Vy = 40V) = 4

S. Roth, TUM, PhD 2013
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Neganov-Luke Amplified Light Detectors

2 1 1 1 1 1 3
o’ unportamt { { - ""’
region ™ s
1207 for CRESST EISIACLE B ’
n = |
d 7 > g’ B ® . {
Y
7 | |
', pr—— ...—m"'cf ~~~~~~~~~~~ ——
9 L S]Roth, 2013
' ‘ A A A ' A A A A A A A A ‘ A A A A y
mvau?uu energy [keV]
2 70keV o , » Potential at lower light energies
Z 700keV O-recenl _ o
= 3. 50MeV Werecod » Has to be proven in realistic measurements




QUENCHING FACTORS

New Measurements at mK Temperatures




Quenching Factors (QF)

Dedicated
T measurement
> .
£ 1 required!
3
< Quenching
ol — — ca <— Factors (QF)
0 e i i e e . [ AL L & <«
W
0 20 40 60 100 120 140

80
Energy [keV]

e ~ LYy(E,) Lightyield of nuclear recoil
Definition QFx(Er) o LY,},’np(E,.) ~ Light yield of e’/y recoil



Neutron Scattering Facility — Experimental Setup

@ neutron detector
@ array

4

cryostat

Our Approach:

* Fast neutron scattering (~11MeV)

* Running cryodetectors (@mK)

1 ﬁ neutron detector
array
@ R.Strauss, PhD 2013

m EBERHARD KARLS
UNIVERSITAT

TECHNISCHE TUBINGEN
UNIVERSITAT
MUNCHEN

» Time-of-Flight measurement



Neutron Scattering Facility — Experimental Setup

“CRESST-like" detector module

F"’

65 MeV ~11MeV
pulsed beam




Neutron Scattering Facility — Experimental Setup

_________________________________________

“CRESST-like* detector module | Phonon Detector
~ » 10g CaWQ,crystal
P -+ suited for high event

| rates (up to 100Hz)
g p("B,n)"C
65 MeV ~11MeV Light Detector

-+ Sidisc (20mm
- diameter)

pulsed beam



Neutron Scattering Facility — Experimental Setup

_________________________________________

“CRESST-like* detector module | Phonon Detector
-+ 10g CaWO, crystal

P  suited for high eventé

rates (up to 100Hz)
g PUBNIC S L
65 MeV ~11MeV Light Detector

-+ Sidisc (20mm
- diameter)

pulsed beam

Liquid-Scintillator Detector
 timing (~ns) |
* n/y discrimination




Neutron Scattering Facility — Working Principle

“CRESST-like" detector module
incident

~_energy

J——

0 » Time-of-Flight measurement

~11MeV
pulsed beam

/

ns timing
+ nly



Neutron Scattering Facility — Working Principle

deposited
. energy

“CRESST-like" detector module

incident
~~_gnergy
0 » Time-of-Flight measurement
b N . » |dentification of recoiling
Mev . ‘ . nucleus 160, 4OCa, 184W
~11Me \ -

pulsed beam

/ fixed

ns timing
+ n/y




Neutron Scattering Facility — Working Principle

deposited
. energy

“CRESST-like" detector module

incident
~~_gnergy
0 » Time-of-Flight measurement
b N » |dentification of recoiling
1Mev nucleus 160, 4OCa, 184W
~ e -

pulsed beam

/

light
detection
fixed
w wy

> Relative light output 2 QF

ns timing
+ n/y
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Neutron Scattering Facility in Garching

cryostat

neutron
detectors




s
Final Result for W

=, o free parameter | best fit value
N —_
S | E =100keV tmean[ms] | 0.0158 + 0.0005
= 'k o¢[ms| 0.0048 + 0.0004
4 4 = Rs/p 7.0+ 0.6
S [ LYw 0.0208 + 0.0024
& QFw 0.0196 + 0.0022
sl 1/QFy 51.0133
3 |
- First precise measurement of QF,,
20— at mK temperatures!
- for bulk events!
E 10% precision!
10— Realistic measurement conditions:
[ -» Low systematics!
) 4



Energy-Dependent Quenching Factors

With precise measurement of the QF,, @ 100keV:

» Fit of entire nuclear recoil bands (20-1800keV) possible
» Dedicated maximum likelihood framework

QF, =0.1212+0.0035
> Precise determination of QF,, QF, ,QF, QF,=0.0667+0.0030

» Energy dependence measured for the first time QF,, =0.0196+0.0022
@100keV

g
events / (8.9 keV)(0.001)

80% C.L.

— 0

ll!lllllll

Eq [keV]



Energy-Dependent Quenching Factors

Nuclear recoil behaviour of CRESST detectors (run32) well described
by energy-dependent QFs!

Typical CRESST module (run32): neutron calibration

T

T

» Impact on CRESST data

» Implementation of results
(energy dependence)
into CRESST analysis
framework

0.05

light vield

-0.05/ 87

| » Re-analysis of run32

: data

5 = 100 150 200 250
energy [keV]

300



NEW DETECTOR CONCEPTS

Fully-Scintillating Detector Designs




Surface Backgrounds in CRESST (run32)

Energy

0 20 40 60 80 '\ 100 120 140
[keV]

210pg — 206Ph(103keV)+a(5.3MeV)

Dangerous events with less light!

¥

-
e
e

.‘l)lypb

CaWo,

E

dep

< 103keV



Surface Backgrounds in CRESST (run32)

of (ORI - - . o gue T
0 20 40 60 80 \100 120
Energy [keV]
Y
210Pg > 206P(103keV)+a(5.3MeV) ?

Dangerous events with less light!

CRESST - run32
(730 kg-days)

67 events observed in 8 modules

Likelihood Analysis:
M2
e/vy-events 8.00 £ 0.05
a-events 119 F22

neutron events

Pl racsils

signal events 24.2 ff;i.i,
my [GeV] 11.6
OWN [I)})] 3.7-10 5

Statistical significance: >40
European Physical Journal C, 2012;72(4):279-300




T
The Challenge of a Fully-Scintillating Housing

If all material inside housing were scintillating

=» Highly-efficient veto against surface backgrounds

—————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

additional
CaWo, .
Euep< 103keV = =
| —
- Scintillating
material

Mechanical stress induced by scintillating material in contact with crystal

=» All attempts failed so far (phonon-only events)



I
FuIIy Scmtlllatlng Detector Designs

Si beaker as light absorber

2 TUM—_
crystals

target crystal

glue

- carrier crystal (with TES)

scintillating
holding clamps

G. Angloher, MPI



Discrimination of Carrier Events

0.08

0.07

0.06

0.05

0.04

0.03

Conv. with denvative of Gaussian (a.w)

0.02

0.01

00 A A A 'S 4 4 A ‘jm
Encrgy (keV)

Discrimination possible down to energies well below 10keV!



Fully-Scintillating Detector Module

Principle: Si light detector

CaWOs target crystal

‘ Highly efficient veto against surface background events!

‘ Promising block-shaped crystal design
R.Strauss, PhD 2013



I
Fully-Scintillating Detector Module

CaWQ, crystal

Copper structure

/

CaWOQ, stick




First Glance at run33 Data

TUM-40 (CaWO, sticks) — 12.6 kg-days

__ Best radiopurity
(3 counts/kg/keV/day)

Scintillation veto
/ works




First Glance at run33 Data

TUM-40 (CaWO, sticks) — 12.6 kg-days

__ Best radiopurity
(3 counts/kg/ke V/day)
&~
_ use only Scintillation veto
lot removed ~ internal / works

Clean region-of-
interest (ROI)

| ROI » Background free
e mmeasannand |  No phonon-only
events




New Detector Concepts for CRESST

3 fully scintillating detector prototypes in current CRESST run (2 each)
» Successful operation
» So-far: background free

Next tasks?

» Production of more clean crystals at TUM
* Fully equip CRESST cryostat with new detector designs (up to 10kg)



LOW THRESHOLD ANALYSIS

Promising with TUM-Grown Crystals?




Low Mass WIMP Scenario ?
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Low Threshold Analysis — General Idea

- Lower the threshold of measurement of recoil energy (typ. 10keV =» <1keV)
= Give up discrimination between electron and nuclear recoils

- High sensitivity to low mass WIMPs



Low Threshold Analysis — General Idea

- Lower the threshold of measurement of recoil energy (typ. 10keV = <1keV)
=» Give up discrimination between electron and nuclear recoils

- High sensitivity to low mass WIMPs

- Done already by other DM experiments
- EDELWEISS (phonon-ionization): phys. Rev. D 86, 051701(R) (2012)
« CDMS (phonon-ionization): phys. Rev. Lett. 106, 131302 (2011)

Red dots: possible DM
candidates

lonkzation yield

Recoil energy (keV)

« XENON (S2 only): pnys. Rev. Lett. 110, 249901 (2013)
- CDMSiIlite (NL-amplified phonon): arxiv:1309.3259v2



Recent Results from CDMSlite

» Single SuperCDMS detector (0.6kg) for 10 live-days
* Neganov-Luke voltage applied on electrodes — no discrimination
» Gain in phonon signal by a factor of ~24

> Baseline resolution: o = 14eV
» Analysis threshold: 170eV,

* Low energy threshold for nuclear recoils: ~840eV,. (phonon quenching)

fensetMS S w - 02&\‘.’?.;. ST 3
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Low-Threshold Analysis for CRESST?

« TUM-grown crystals have low intrinsic background level: ~3/kg/keV/day

* Low energy threshold of CRESST detectors: E,, < 1keV
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T
Low-Threshold Analysis for CRESST?

« TUM-grown crystals have low intrinsic background level: ~3/kg/keV/day

TUM-40

* Low energy threshold of CRESST detectors: E,, < 1keV
» Increased sensitivity at 3-10 GeV by ~2 orders of magnitude



Low-Threshold Analysis for CRESST?

« TUM-grown crystals have low intrinsic background level: ~3/kg/keV/day
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* Low energy threshold of CRESST detectors: E,, < 1keV
» Increased sensitivity at 3-10 GeV by ~2 orders of magnitude

« Strong enhancement of W scatters (due to A? dependence)
» Compared to Ge (CDMS) enhanced by a factor of ~ 6.3
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« Strong enhancement of W scatters (due to A? dependence)
» Compared to Ge (CDMS) enhanced by a factor of ~ 6.3

* Further reduction of background due to light yield information



Low-Threshold Analysis for CRESST?

« TUM-grown crystals have low intrinsic background level: ~3/kg/keV/day

internal Us®€ only

plot removed ~

TUM-40

* Low energy threshold of CRESST detectors: E,, < 1keV

» Increased sensitivity at 3-10 GeV by ~2 orders of magnitude

« Strong enhancement of W scatters (due to A? dependence)
» Compared to Ge (CDMS) enhanced by a factor of ~ 6.3

* Further reduction of background due to light yield information

» Low-threshold analysis of CRESST detectors seems promising
» Only small mass and few exposure necessary!
» Can we probe our own “WIMP region® ?



LIMITS ON 28 PROCESSES




s
Potential 28 Isotopes in CaWO,

2 neutrino-double beta (2v2[3) 0 neutrino-double beta (0v2[3)
2 neutrino-double EC (2vZ2¢) 0 neutrino-double EC (0v2¢)

«, ,, CEAY

ve ’:\ v ‘
p

« Several potential 2 isotopes present in CaWO,
« So far only limits for T,,, could be obtained

Isotope Abundance, % [2] 2P process | Qg keV [3]
Ca 96.941 2¢ 193.62
*Ca 0.004 2B~ 9883
P 0.187 2B” 4274
| ARy 0.12 2¢ 144
W 28.43 28" 4899

M.v.Sivers, TUM in collaboration with V.I. Tretyak, KINR Kiev



Limits for 28 Processes with CRESST

Counts/keV

b .

e

Expectation for T,,:

energy [keV]

750 1000

Simulation to derive 23

nergy spectrum

e Search for excess above
background (flat)

Background assumption:

~6/kg/keV/day

=» Even better in run33 with

TUM crystals!

Isotope | 2P process | Experimental Tyn Potential T, lunut
limit, yr (90% C.L) |from the CRESST
measurements, yr
®es 2&0v 3.0-107 [4] 1.6107
2e2v 5.9-10° [4] 3.2-107
*Ca 28 0v 1.0-10" [4] 32-10"
(¥ca 2B 0v 14107 [5] 6.5-10"
[ TS0y 260V 9.0-10™ [6] 39-10
2€2v 7.0-10°° [6] NU3910° e
[ TEowy 2p0v 1.1-107 [7] 1.2:10% T~

™ better by ~2 orders of magnitude



Possible Enrichment of 4Ca ?

Knudsen Effusion Mass » Vaporisation studies up to 2800K
Spectroscopy (KEMS) (T. Markus,
IEK-2 Jlilich) * Precise measurement of partial

pressures

* |In case of Ca isotopes: not
measured before

» Difference of partial pressures
between 4°Ca and 48Ca enough for
separation on large scale?

Enrichment of 4Ca(0.2%) = ??

Great potential for Ov2[3
Q-value: 4.2MeV

Above natural gamma region
Alpha discrimination
Established CRESST technique

---------------------------------‘

VYV VYY



I
Summary

/o pp—
« CaWO, production successfully established at TUM
» Reproduclible production cycle
» Low instrinsic contamination (now dominated by cosmogenics)

~3.0 /kg/keV/day
« Light detector optimization

* Quenching Factor measurements at mK temperatures
> Precise measurement of the QF of W
» Energy Dependence

* New detector concepts successfully operated in present run
» So-far: background free
» Great potential for next CRESST runs / EURECA

» Low-threshold analysis seems feasible with low-background detectors (TUM)

« Some potential on 2 processes no_@
'



