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A study of scintillating
crystals and bolometers at
20 mK

IAS: Noél Coron, Gérard Dambier, Jacques Leblanc,
Pierre de Marcillac, Jean-Pierre Moalic

BNM / LNHB: Elvire Leblanc

Scintillation 1s detected on all
materials tested !

Crystals (~1cc) Bolometers

= YAP:Ce * CaWO, (ROSEBUD)
* GSO:Ce * BGO

= CaF,:Eu " LiF

* ALO;:Th " TeO,

= ALO,
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A 91g BGO bolometer 1 ;
with its
Germanium-Light detector
(@=25mm)




New 20 mK scintillation dat&: >
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Crystals Bolometers
CaF, | YAP GSO | ALO; | CaWO, BGO LiF | TeO, | ALOs
YA103 GsziOs Bi4Ge3012
Doping | | Ce Ce Ti
agent
Mass 20g 6g 7g 4g 54¢ 46¢ l16g 25¢g 50g
Light
ield
o | <=Ll 3 13 6 7.5 |0.38] 0.05 | 12.7
Y
Light
yield
keV/MeV 2.6 1.3 0.43 1.7 1.5 1.3 0.11 0.002 1.13
o
Qf ~5.4 7 7.6 4 5.8 3.5 25 11.2
/o
Qf
: 10 12-15 6.5 21.5
y/recoil
Rubico Crystal
Origin Aries | SGCD | Hitachi 0 Pi-Kem SGCD Aries | Technol | Sorem
ogy
Yearof | 1503 | 5000 | 2002 | 2001 2000 1997 1989 | 1995
purchase
Cost
k€/ke 8.5 33 40 56 33 2 10 2.5
152 180
Gd w 2091 ;
o dloey 0.2% 0.1% Bi
d 48Ca 160Gd 48Ca 7()(}e 130Te
PP decay | , 5o, 22% 0.2% 7% 34%
55Gd .
Neutrons 157G4 Li
B 207
Ra.dl.()a— U. Th Bi, U, See
ctivity Th Cuore
Spinand | 19 Gd | Al AL
. F o 183 2091 ; 125
interest 12 89y 15% 5/2 \%% Bi Te 5/2
fordark | .o | o 7Gd low 14% 9/2 7% low
matter : %ate 16% thres- 1/2 highest A 1/2 thres-
detection 3/2 hold hold
07 5s
Com- short Low . Bi Crystal | Kyro-
quality broke at | poulos
ments run ! .
exists ! end! | grown
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54g Caw O, bolometer at(] -
Canfranc[ROSEBUD] 24ﬁ3"“*

U daughters & '*’Sm contaminations used...
54 g CaW0O4 @ Canfranc
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Phys. Lett. B 556 (2003) 14-20
...to improve ¥'W o decay limits T2 (>2.7 10! y)
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Light output (V)
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Discrimination factor on a48g
BGO bolometer
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= Particle identification with
90% CL at E>23 keV
99.99% CL at E>51 keV

* BGO 1s qualified for dark matter experiments
— ROSEBUD (with low 2Y’Bi quality)
=209Bi: highest A and o, factor + 100% spin (J=9/2)




Light output (V)
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First detection of the
natural radioactivity
of bismuth
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a 25g TeO,, bolometer
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Scintillation (weak) separates alphas and
gammas at E = Qgq(2?Te) level !




Light output (V)
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= Separation of o/ (°Li+n) events

— detection of very rare neutrons
= Separation of v / nuclear recoils



a 509 pure sapphire 77
bolometer Bondt
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= A strong light emission is detected (~ BGO) !

= a very good y/recoils separation is achieved
—Vvery good news for ROSEBUD & CRESST !

" possible interpretation: Cr>* R1-line of ruby excited, even at the trace
(ppm) level...[A. Bettiol et al., NIM B 130 (1997) 734-739)]



Light output (V)

Light output (V)

Time constants

~ 2 classes found (/gamma scintillation)
analysis— future insights in the mechanisms ?
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Rise time (10%-90%) in optical detector (ms)

« prompt »
= Sapphire
= CaF,

« delayed »
*BGO
*YAP
=*GSO
*"CaWo0,
*LiF
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Conclusions

« Scintillating bolometers: a  bright and |
rewarding tool to help the rarest events
search: combine high resolution of
bolometers with a high discrimination

power on particles

+ a broad palette of targets.

» dark matter: ALLO, (1), CaF,, ...
e alpha decays: ?"Bi, 30W, . ..

* neutron physics: LiF, GSO, ...

* double beta decay: TeO, ,...

[+ Anticorrelations Light / Heat are noted in
the data: we will learn where the energy goes,
and correct for energy losses in « hidden »
branches — higher resolutionsto be expected

In transparent crystals|



