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Abstract

The advantages of using hybrid detectors 
(scintillating bolometers) in rare event searches 
like Double-Beta Decay are discussed.

The possibility to produce scintillating TeO2
crystals is emphasized and the results of optical 
transmission and X ray excited steady-state 
luminescence measurements performed on 
pure and doped TeO2 crystals are presented.
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CUORE experiment

Cryogenic Underground Observatory for Rare Events

•observation and measurement of 
the neutrinoless double-beta decay

•unique way to look for neutrino 
masses of the Majorana type

−++→ eAZAZ 2),2(),(

At extremely low temperatures (~7-10 mK), even small energy 
release in a crystal results into a measurable temperature rise 
(heat capacity ~ T/TD

3 where TD is the Debye temperature)

2

CUORE module: 4 x 760gTeO2 crystals
thermometer 
(NTD Ge chip)

TeO2 
crystal

2β −

2.528MeV

Crystals of TeO2 may act 
both as a detector and source



CUORE detector will consist of an array of 988 TeO2
bolometers arranged in 19 towers of 52 crystals each.
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goal: achieve a background rate in the range 0.001 
to 0.01 counts/keV/kg/y at the 0νββ-decay transition 
energy of 130Te (2.528 MeV).

scintillation may help to discriminate the type 
of interacting quantum with an immediate 
effect on background reduction
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• LY=0.67% BGO
• no indication on 
spectrum or decay 
characteristics

P. de Marcillac
10th LTD, 
Genoa,
7-11 July 2003

What is known on scintillation in TeO2



paratellurite

1.88 Å

2.12 Å

α-TeO2

• Bridgman grown crystals are more stressed than Czochralski ones
• annealing at about 550°C helps in removing the residual stresses
• lateral faces parallel to 110 and 1-10 are preferred.
• lateral faces parallel to the 100, 010 cleavage should be avoided
• doping extremely difficult due to asymmetric Te – O covalent bonds 4



Activator selection criteria

particular

general •luminescence properties of the free ion
•incorporation to the host lattice

• only dopants having stable isotopes are acceptable
• unchanged thermal characteristics of doped crystals

(incorporation of uneven ions, avoided)
no restriction on the emission spectrum and/or on the decay time of the activator
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Growth parameters:
• axial gradient:
• pulling rate:
• seed rotation:
• starting charge:
• yield:

15-20 ºC/cm 
0.65-0.70 mm/h

26-28 rpm
180g

50-67 wt%

In order to avoid constitutional 
supercooling, doped crystals have 
to be grown under high thermal 
gradient with growth conditions 
similar to that of the high 
temperature solutions growth.



Sample preparation
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seed

3cm

EPR samples 
cutting region

• TeO2 cleaves along the (100) and (010) 
planes. The 45 degree orientations of the 
cleavage planes at the edges favor the 
nucleation of minor cracks at the edges.
• Samples glued with melted wax (~70oC) 
were polished simultaneously with the help of 
“phantoms” of the same type of the crystal.



Work plan

low temperature 
transmission

test the successful doping of 
TeO2, see if the scintillation 
characteristics may be improved

1.

steady state 
scintillation and TSL

2.

low temperature 
photoluminescence

find the nature of luminescence 
in pure TeO2 ; study the TeO2:X 
luminescence characteristics 

3.

heat capacity

test the influence of doping on 
TeO2 thermal characteristics; 
possibly find correlation between 
thermal characteristics at low 
temperatures (mK) and other 
characteristics measurable at 
higher temperatures (LN?)

5.

check for traps 
existence at very low 

temperatures

further study of possible 
improvement of TeO2 
scintillation characteristcs

4.
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Transmission at RT
JASCO V550 spectrophotometer

a. Absorption spectra of undoped,Mg, Mn, Nb and Zr doped TeO2 cystal
b. Absorption spectra of undoped, 10-4 and  10-3 mol/mol Nb doped TeO2 cystals

• Incorporation of Nb, Mn, Zr dopants is obvious.
• Mg incorporation is below precision limit.
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Transmission at low temperatures
Perkin Elmer Lambda900
Leybold RDK10-320 (Tmin=12K)

Typical behavior for indirect band transition

indirect transitions:
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data analysis on the way 10



X-RAY TUBE
VACUUM CHAMBER (10-8 TORR)

CRYOSTAT (8-320 K)

CCD DETECTOR (250-900 nm)

OPTICAL EXCITATION

X-RAY POWER SUPPLY

Department of Materials Science - University of Milano-Bicocca

RADIO-PHOTO-THERMO LUMINESCENCE SET-UP
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X ray excited steady-state luminescence
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X ray excited steady-state luminescence
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X ray excited steady-state luminescence
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Thermo-luminescence

TeO2:Mn TeO2:Nb

after Xray (30 kV) exposure at 10 K
15



Conclusion and future plans

• sucessful growth of doped TeO2 crystals opens the possibility to 
realize a hybrid detector (scintillating bolometer) able to 
separate events due to radioactivity background thus enhancing 
substantially the sensitivity to neutrinoless DBD measurement.

• Mn and Nb doping seems a promissing way to enhance the 
scintillation light yield of TeO2 crystals. 

• low temperature photoluminescence measurements are forseen 
to find out the nature of scintillation centres

• higher dopant concentrations will be tested for a further 
enhancement of scintillation light yield
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