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CRESST-Il and CaWO, Crystals

CRESST-Il and CaWO, Crystals
Radiopurity in Low-Energy Regime

The CRESST-II Experiment

@ Direct dark matter search experiment

@ Search for nuclear recoils of Weakly Interacting Massive
Particles via elastic WIMP-nucleon scattering (expected
WIMP signals: nuclear recoils with energies < 40 keV)

@ Scintillating CaWOQy single crystals
as target material (~300g each)
@ In current run (CRESST-II phase 2)

4 TUM-grown crystals installed for
the first time

@ Radiopurity of CaWQy, crystals limits
sensitivity of CRESST-II

Raphael KneiBI Low-Background Scintillation Spectroscopy



CRESST-Il and CaWO, Crystals

CRESST-Il and CaWO, Crystals
Radiopurity in Low-Energy Regime

Radiopurity of CaWQ, Crystals in Low-Energy Regime

@ Large fraction of background in
low-energy regime originates from
intrinsic contamination of the

80| a2 1112 T CaWOy crystals
[ commercial crystal
= s | e Relevant intrinsic decays in
3 5ol T AT "1 low-energy regime:
gor i | gy reg
ol R .M%,L | ﬁ‘?ﬁ}s&l; 22TAc (Qs =44.8keV, Ty /» =21.8y)
e i :‘*\%ﬁw,, ;M 2Th (Qp=273keV, Ty =24.1d)
| et 179Ta from cosmogenic activation

NN = @ Background level (1-40keV):

recoil ener: keV]
e e Commercial crystals used in
CRESST-II: 6-30/[kg keV day]
e TUM-grown crystal TUM-40:
3.44/[kg keV day]
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Low-Background Scintillation Spectroscopy Setup
Setup Energy Calibration

Pulse Shape Discrimination

Coincidence Search

Low-Background Scintillation Spectroscopy Setup

’7 Muon panel

PVC . . . . . . .
u @ Determination of intrinsic radioactive

. Pb

Mo contaminations of CaWQy, crystals
gbvlf.;afmy o Feedback for crystal production to
cintiliator ——

A c . . .
Suprasil light guide | g Improve l:adIOPLI r|t)./

[ BaYey | e o Preselection of radio-purest crystals

for future CRESST runs

@ Crystal is source and scintillator at
the same time
— ~ 100 % detection efficiency for
intrinsic alpha and beta decays
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Low-Background Scintillation Spectroscopy Setup
Setup Energy Calibration

Pulse Shape Discrimination

Coincidence Search

Energy Calibration

0.35 ‘ : . .
+ data points @ Energy calibration before and
03y [ ncflon after each measurement with
f(x) = axP+ . }
_oas |07E 1 various gamma sources (energies
2 a=8.62e-05 £ 1,29¢-05 2087 .
S o2l |b=1032002 ] of gamma lines between ~ 60 keV
<3 ¢ =0.00502 +9,3e-04
£ and ~ 2600 keV)
o 0157
2., | @ Data points well fitted by power
function
0.05f 4

o Energy resolution (FWHM) at
1500 2000 2500 3000 511 keV: ~14%

energy [kevee]

o

0 500 1000
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Low-Background Scintillation Spectroscopy Setup
Setup Energy Calibration

Pulse Shape Discrimination

Coincidence Search

Pulse Shapes of Alpha and Gamma Particles

@ Pulse shapes of averaged and

1 | normalized alpha and gamma pulses
0sl | @ Irradiation with sources:
- o ?1Am alpha particles with <5.6 MeV
soe o ?2Na gamma rays with 1275 keV
304 | @ Different decay times of alpha and
= gamma events
02 . . . . -
— pulse shape discrimination possible
0

— discrimination between alphas

0 20 4 60 s 100 (internal) and gammas (internal
time [us]

and external)
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Low-Background Scintillation Spectroscopy Setup
Setup Energy Calibration

Pulse Shape Discrimination

Coincidence Search

Histogram of Energy vs. Shape Indicator

@ Shape indicator:

S Cherenkov events | gl — 2 f(t) Pte)
025k 1 Blso 2flte)
5 o2 I noise events | f(tx): pulse amplitude
© i 'Y 40 .
(&]
S -0.15[ ¥ "mixed" events 1 at time t,
2 GilE: 7 gamma events 1P e Weight function'
o .
& 3 alpha events fo(t)—1(t)
5 005} / Z T P()= m
ol . s = S5 s s . . .
i, 10 o Various populations in
' . T i histogram due to
energy [keV_] different event types
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Low-Background Scintillation Spectroscopy Setup
Setup Energy Calibration

Pulse Shape Discrimination

Coincidence Search

Coincidence Search

Search for coincidence between decay of a mother isotope and a
following short-lived daughter isotope

. . T1/2=19.9min T1/2 =164 us
@ 238U chain: 24B;j _r T T 21apy 2T T,

210Pb
Qs =3.3MeV Qa =7.8MeV
. Tl 2:3.965 Tl 2:1.78ms
@ 235U chain: 2%Rn 2T 5pg V2T TR 21ipy,
Qa =6.9 MeV Qo =7.5MeV
. T1/,="55.6s T1/p,=145ms
o 22Th chain: 20Rn 2", 216py, 2= "7, 212p},

Qo =6.4 MeV Qa =6.9 MeV

— determination of 225Ra, 227Ac, and 228Th activities possible
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Low-Background Scintillation Spectroscopy Setup
Setup Energy Calibration

Pulse Shape Discrimination

Coincidence Search

219Rp — 215pg 3 211Ph Coincidence

25
—215Podecay
sl —?"*Rn decay | o Energy spectrum of 219Rn
and 215Po decay
b o Total measurement time: ~42d
3 @ Number of found coincidences
| (accidental coincidences):
8 214Bj,214po210ph: 65 (0)
ol | 29Rn—21°Po—211Pb: 120 (1)
220Rn—216po212ph: 48 (10)

‘ ‘ . 1 ‘
1%00 1400 1600 1800 2000 2200 2400 2600
energy [keVee]
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Alpha Spectra

Activities of TUM-Grown Crystals
Results Feedback for Crystal Production Process

Activities of Commercial Crystals

Alpha Spectrum - TUM-Grown Crystal

o e TUM-grown crystal " Karl II"
234U + 226Ra+ 230Th |
oA @ Energy range from 750 keV, to
I / | 2300keVe
—, 60 \ Y ] . .
3 ol N | @ Determination of 238U and 230Th
§407 activities from peaks of the
E l | spectrum
2 | @ Total alpha activity from integral
10 over spectrum
0

660 860 10b0 1260 14‘8(0\/ 1]600 1860 2000 2200 ° Alpha speCtra Slmllar for a”
energy [keV_ ] . .
investigated TUM-grown crystals
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Activities of TUM-Grown Crystals
Results Feedback for Crystal Production Process

Activities of Commercial Crystals

Alpha Spectrum - Commercial Crystal from Ukraine

11000
10000 N ‘ o Commercial crystal " Boris”
|

9000 opo | | oIV | @ Energy range from 750 keV e
o U W e to 2300 keV e
000, I | W’ v
@ 6000, / K o ~ 1»{ \im @ Determination of 238U and
o, ™ i @ e
2 5000 \ U ATV W) 210pp activities from peaks of
§ 4000- / \ | the spectrum

3000¢ | 1 ..

ol | \ | @ Total alpha activity from

“o0l / 1\ | integral over spectrum

/ \
0 " -

800 A1000 1200 1401 1600 1800 2000 2200 2400
energy [keVee]

Raphael KneiBI Low-Background Scintillation Spectroscopy



Alpha Spectra

Activities of TUM-Grown Crystals
Results Feedback for Crystal Production Process

Activities of Commercial Crystals

Alpha Spectrum - Commercial Crystal from Russia

350,
ool - @ Commercial crystal " Sabine”
@ Energy range from 750 keV, to
2501 b
~ 2300 keVee
>
2 il @ No activity determination of
£ 10/ | specific isotopes from spectrum
0 1000 1 possible
s o Total alpha activity from
integral over spectrum
0

800 1000 1200 1400 1600 1800 2000 2200 2400
energy [kevee]
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Activities of TUM-Grown Crystals
Results Feedback for Crystal Production Process

Activities of Commercial Crystals

Activities of TUM-Grown Crystals

TUM-grown crystals

Jakob 11 LGS Ernst Karl 1l
activity [mBq/kg]
total alpha activity 3.75+0.92 5.77 £0.77 5.45+0.38 6.14 +0.93
(750-2300 keVee)

238 0.534+0.10 1.424+0.24 1.41 £0.18 1.984+0.29
230Th 1.03+£020 0954040 0.70+0.31 0.94+0.48

0.019 0.021 +0.019 +0.018
226Ra 0.055 70016 019619075 0.053T0%%  0.088 1900

0.017 +0.011 +0.015 +0.014
22T ¢ 0.14370%10 0117 £9%% 01117305 014315018
28T}, <0.015 0.028 T99%  <0.020 0.038 T 3012
raw material supplier ~ AAT AAT MV? MV?
growth number 1 6 1 2

L Alfa Aesar; 2 MV Laboratories

Raphael KneiBI Low-Background Scintillation Spectroscopy



Alpha Spectra

Activities of TUM-Grown Crystals
Results Feedback for Crystal Production Process

Activities of Commercial Crystals

Feedback for Crystal Production Process

o Radiopurity of crystals depends on raw materials
— importance of raw material preselection
o Radiopurity improves with decreasing growth number
— crystal growth is purification process (strongly depending
on element)
— regularly remove residual melt or try recrystallisation
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Alpha Spectra

Activities of TUM-Grown Crystals
Results Feedback for Crystal Production Process

Activities of Commercial Crystals

Activities of Commercial Crystals

Commercial crystals

Boris Sabine
activity [mBq/kg]
total alpha activity 129346 14.85+0.76
(750-2300 keVee)
238y 8.2240.47 —
R 4830191 0722790
+0.033 +0.042
2TAc 0.360 £ 37050 11819705
228Th 00997990 03517900
210pp 126944 —
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Conclusion and Outlook

Conclusion and Outlook

@ Conclusion

Activities determined down to the uBq/kg level

Important feedback for crystal production process
Preselection of CaWOQ, crystals (regarding radiopurity) for
future CRESST runs possible

Radiopurity of investigated TUM-grown crystals better than
radiopurity of investigated commercial crystals (at least a
factor 2 lower activities)

@ Outlook

e Setup ready for further measurements

(e.g. crystal grown out of recrystallized material only)
e Improvement of setup possible

(e.g. additional lead shielding)
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Conclusion and Outlook

Thank you for your attention.
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Conclusion and Outlook

backup slides
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Schematic of CRESST-II Detector Module

thermal coupling "] Energy depOSItlon in the CaWO4

- thermometer crystal produces phonons (heat) and
1
detector light absorber photons (llght)
“ CaWo, crystal @ Simultaneous read-out of light and
phonon
detector reflective and phOnOn channel
scintillating . . . .
housing — active background discrimination
thermometer on an event-by-event basis

thermal coupling pOSSi bIe
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Normal Conducting to Superconducting State Transition
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energy in light channel [keV]

Conclusion and Outlook

Conclusion and Outlook

Active Background Discrimination

@ Search for nuclear recoils of
WIMPs

©” /7 @ Region of interest (ROI):
nuclear recoil bands < 40 keV
and > Ethreshold

energy in phonon channel [keV]

@ Radiopurity of CaWQy crystals
O important because of leakage

g from e~ /~-band into ROI

energy in phonon channel [keV]

threshold energy
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Schematic of Data Acquisition System

PMT——{TFAHFIFO 10 bit
|Discr. Delay — | ADC
Coinc.
Logic
Muon |—{Fast - H
Panels =AMp| Discr 5§ OR —Gat
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Typical Pulses

amplitude [a.u]
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Background Spectra of CaWQ, Crystal

—open shielding, no muon veto
Cherenkov events closed shielding, no muon veto
closed shielding, active muon veto
R ’L'w\
S et E
% . e ”"lvun\{,[ A
= L T, an\| li” T " i
£ §e, “”H e "ﬂ‘ J \‘I hl
g | il
° 10" ey, Vg I"f ””[ H"u l h ‘ | ‘”u‘ H ” ﬂ
3 Urgp
q Hitghef Iy My i .
10°- T m E
3 i (\Iy ’JW Mly“
z [M1Mnd
10° | | 1 1
0 500 1000 1500 2000 2500 3000

energy [keVeE]

Reduction of background: integral count rate in energy range from
170 keVee to 3000 keV ee

factor ~ 30 factor ~5
blue spectrum —————— red spectrum ———— green spectrum (0.05 Hz)

Raphael KneiBI Low-Background Scintillation Spectroscopy



Conclusion and Outlook

Uranium-Radium Decay Series

Th234 | 4198 keV| U238

24.10d
\

199 keV

4.47E9a

4
Pa234m

LA7m 2269 kev

99.999 % 4
Pb214 | 6002 keV| P0218 | 5490 keV| Rn222 | 4784 keV| Ra226 | 4687 kev| Th230 | 4775keV| U3q
268m | ey | 310M 382d 1600 a 7.54E4a 246E5a
004% (& 99.9 %
TI210 | 5452 keV| Bi214 <6693 kev| At218
130m g210 kev | 199 M\ |3272kev | 10
— Esos 4 4
3720 keV 7687 keV| 7129 keV|
9206 | 3 Pb210 | 7 Po214 | 7 Rn218
8.15m, 1307 kev | 2232 |17 kev 164.3 us 35ms
KN SE5% (&
TI206 | 4656 keV| Bi210
|
420m- 11534 kev | 501\ [1162 kev 3-decay
RY Y
Pb206 | 5304keV| Po210 a-decay \
stable 138.38d -
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Uranium-Actinium Decay Series

Th231 | 4398 kev| U235
25.52N |,e0 oy | 7-04EBE
= 97 % 0.004 % 12%
Bi215 | 6275kev| At219 | 5340keV| Fr223 | 2953kev| Ac227 | 5014 keV| pa23l
7.4m 565, 218M, {1000 ey | 277 faskev | 320E42
99.999 % (& Y 4 4
Pb211 | 7386 keV| po215 | 6819 keV| Rn219 | 5716 keV| Ra223 | 6038 keV| Thao7
36.4M 1225 kev [1.78 ms 3.96s 11.44d 18.72d
99.7% (&
TI207 | 6623 keV| Bi211 <8026 keV| At215
ATTM (1423 kev | 214\ 579 kev | 010 MmS 3-decay
4 a4 ¥
Pb207 | 7450 keV| Po211 a-decay N
stable 052s - ‘
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Thorium Decay Series

Ra228 | 4012 kev| Th232

575
5758, |sgpey |L40EI0E

4
Ac228
6.15 N | 1158 kev

Y
Pb212 (6778 kev | P0216 | 6288 kev| Rn220 | 5685 kev| Ra224 | 5423 keV| Th2zg
-
10,640 |g35 ey | 0158 55.60 5 3.66d 191a
36206 &
TI208 sosikeV | Biz12
309 14803 key |60-55 M\ o254 kev :
3 Y A 1—&1("(';1_\
Pb208 | 8784keV| po212 a-decay
stable 0.3us -+ 4
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Identification of Alpha Events for the Alpha Spectra

Identification of alpha events for the

250 ‘ ‘ ‘ alpha spectrum of each CaWQy,
acceptance crysta I
200+ region 1
— @ Double Gaussian fit of shape
« 150t gammas | indicator histogram (for each
% / 310 keVee step from 750 keV e
® 100, apnas 1 to 2300 keVee)
50! | @ Acceptance region for alphas:
JV,J*\ leakage of gammas into alphas
oz ~0.01 0 0.01 ooz <05%

shape indicator .. .
© Efficiency correction due to

acceptance region
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Alpha Spectrum - TUM-Grown Crystal "Karl II"

ee
B a [} ~ ® ©
o o o o o o
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I I I I I I

counts [1/20 keV_ ]
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N
o
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o
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1 Il L L L 1 Il L L L
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energy [keVee]
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Alpha Spectrum - Commercial Crystal " Boris”

2500
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1500
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500
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| | [
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