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The simultaneous read-out of light and thermal signals allows to discriminate 
the α background thanks to the scintillation yield different from β particles.

When a bolometer is an efficient scintillator at low 
temperature, a small but significant fraction of the deposited 
energy is converted into scintillation photons while the 
remaining dominant part is detected through the heat channel.

Scintillating bolometers

QF: is defined as the ratio of the 
signal amplitudes induced by an α and 
an β/γ of the same energy.



Excellent particle 
discrimination using 

Light vs. Heat
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ZnSe
Candidate: 82Se

m=430 g 
Calibrations α & n & γ
Background 524 h

Q-value
[keV]

Useful
material

LYβ/γ
[keV/MeV]

QFα

ZnSe 2995 56% ~6 ~4

Odd QFα for ZnSe:
 αs produce more 
light than β/γs

Birks’ law:
 αs have hi

gher dE/dx 

than β/γs, 
thus satura

tion effect
s 

on the lumi
nescence ce

nters arise
.

surface and bulk αs

γs from n-source

direct ionization in LD

FWHM @ 2615 keV
13.4 keV
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ZnSe PSA 

LD thermal pulse

fast component

slow component

α events

β/γ events

ZnSe thermal pulse

fast component

slow component

α events

β/γ events

Excellent particle discrimination 
(not just Heat vs. Light)

DP (@DBD) = 17
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ZnSe background
Background measurement performed with Roman Lead 

shields inside the cryostat

2013 JINST 8 P05021
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Figure 8. 524h background run. Spectrum of α (left) and β/γ events (right). Data are calibrated using γ
sources. αs result miscalibrated by +22% with respect to their nominal energy.

Table 3. Activity of the isotopes belonging to 232Th and 238U chains.

Chain Nuclide Activity
[µBq/kg]

232Th 232Th 17.2 ± 4.6
228Th 11.1 ± 3.7

238U 238U 24.6 ± 5.5
234U 17.8 ± 3.3

230Th 24.6 ± 5.5
226Ra 17.8 ± 3.3
210Po < 90.9 ±10.6

coincidence with high energy γ’s seen by other scintillating crystals that we were testing in the same
set-up. We believe that it can be ascribed to a muon interaction in the surrounding materials. This
kind of events can be easily suppressed in bolometric arrays by applying time-coincidence cuts, as
done in CUORICINO [2] or, ultimately, by surrounding the cryogenic facility with a muon veto.

In figure 8 (left) the α background is reported after cutting on both pulse shape and energy of
the light channel. The activities of the most intense peaks, reported in table 3, show that 232Th and
238U are in equilibrium with their daughters.

In principle, a large internal contamination in 238U could be worrisome because of one of its
daughters, 214Bi, which β -decays with a Q-value of 3272 keV. However, 214Bi decays with a BR
of 99.98% in 214Po, which α-decays with a Q-value of 7.8 MeV. The half-life of 214Po, which is
about 160 µs, is extremely short compared to the time development of bolometric signals, which
is hundreds of ms. For this reason, the β/γ emission of 214Bi is simultaneously followed by a
7.8 MeV α particle and does not represent a problem for the background, as the superimposition
of the two signals lies at much higher energies than the region of interest.

– 12 –

α events
selection

J W Beeman et al 2013 JINST 8 P05021

- Cosmogenic activation 75Se and 65Zn
- Natural radioactivity 40K, 232Th & 238U (~20 µBq/kg)
 - 1 β/γ event @ ~3.5 MeV: coincidence with other 
detectors (muon)

2013 JINST 8 P05021
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sources. αs result miscalibrated by +22% with respect to their nominal energy.
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β/γ events
selection

DBD ROI

524 h background
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ZnSe background
bkg in the ROI

2013 JINST 8 P05021
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sources. αs result miscalibrated by +22% with respect to their nominal energy.
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about 160 µs, is extremely short compared to the time development of bolometric signals, which
is hundreds of ms. For this reason, the β/γ emission of 214Bi is simultaneously followed by a
7.8 MeV α particle and does not represent a problem for the background, as the superimposition
of the two signals lies at much higher energies than the region of interest.
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Internal contaminations

→ 3x10-4 c/keV/kg/y (210Tl)

→ 2.5x10-3 c/keV/kg/y (212Bi)

✔

✘
if we use delayed coincidences we have:
- x3 less bkg
- 10% dead time{

➜

Not a primary issue for a bkg 
level of ~10-3 c/keV/kg/y 

DBD ROI

µ

β/γ events selection

Exercise: - 0 counts in 1.3 MeV region [2.7,4.0] MeV
- mass = 0.43 kg
- t = 0.06 y

=> < 0.07 c/keV/kg/y

1 crystal, 3 weeks live time
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ZnSe nuclear recoils 
discrimination

β/γ events

210Po nuclear recoils

To be sensitive to WIMP nuclear recoils thresholds < 30 keVee 
(10 keVnr) are needed as well as LDs with baseline energy 

resolution < 20 eV for the discrimination β/γ - NR

- 210Po nuclear recoils energy is 
shifted by ~35% (they are expected 
@ 103 keV)

- 210Po nuclear recoils produce a light 
signal < 14 eV

- LYnr < 0.140 keV/MeV

- Energy threshold @ 70 keVee (~50 keVnr)

We are here
a lot of work has 

still to be done...

J W Beeman et al 2013 JINST 8 P05021
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LUCIFER crystals
raw (elemental) Se1

2 certification

SeF6 synthesis

SeF6 enrichment

Se conversion5

4

3

ZnSe: production

Zn elemental
enriched Se 
elemental

7 8

Se beads production 
6

purification9

10 certification

ZnSe synthesis11

5)   Growth of ZnSe crystal:
Avoiding twining and Reproducibility

ZnSe crystal 
growth

recovery and 
recycling

13
15

12

mechanical 
processing

package and 
shipment

14

16

certification
4) Synthesis of ZnSe:

High temperature method or
Low temperature method (CVD) 
 optimize the yield

1) Need radio-chemical pure Se
measurements with ICP-MS

2)   Enrichment (URENCO) > 95%
The enrichment is feasible
Chemical problems in Se conversion 
(mainly reagents contaminations!)

3) Beads (powder not good for crystals) 
require dedicated instruments.  
HpGe  spectroscopy
Purification (99.999%) zone refining?

26

- Crystal growth
- Bridgman growth (high T: ~1500 C and high P: 15 bar)
- not mono-crystal
- reproducibility
- low yield of production

- Production of 82Se
- production of clean (chemistry) Selenium

- Raw materials production: metallic Zn and Se
- beads dimensions (powder not good for crystal growth)

- Synthesis of ZnSe (!!!) 
- production of ZnSe compound 
(different melting&condensation T for Zn & Se)

ZnSe is not a standard crystal.
Glass is used for laser application



11

Conclusions

* ZnSe scintillating bolometers allow an excellent particle 
discrimination (Heat vs. Light, Heat, Light)

* In ZnSe compound the amount of useful material is 55% 
(higher than most of “interesting compound”)

* Problems concerning crystal growth are under investigation

* Dark Matter search with ZnSe is not so far...
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