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The paper studies color centers in synthetic calcium fluoride crystals, which arise from irradiation with
14 MeV electrons at room temperature. The irradiated samples also measured the Kkinetics of
phosphorescence decay and thermoluminescence. The concentration of the formed color centers was
calculated using the Smakula-Dexter ratio. It was found that the phosphorescence of the irradiated
calcium fluoride crystal lasts up to ~7 days. The thermoluminescence curves show four peaks.

PACS: 29.20.-c; 42.25.Bs; 78.55.Ap

INTRODUCTION

Single crystals of calcium fluoride (CaF,) are a
widely used material, which has led to the study of
its properties for many years. It occurs naturally as
a mineral called fluorite. It is used industrially in
metallurgy, for producing hydrofluoric acid, and
in optics, for producing optical components such
as windows and lenses in spectroscopy,
telescopes, and lasers. It is transparent in a wide
range from the ultraviolet (UV) to the infrared
(IR). In addition, under certain conditions, calcium
fluoride can produce luminescence, which
corresponds to the name of its natural crystal,
fluorite. Irradiated synthetic calcium fluoride, like
natural fluorite, exhibits thermoluminescence,
which is used in thermoluminescent dosimeters.

Natural calcium fluoride can appear as a
colorless crystal or have different colors, which is
related to the type of dopants or structural defects
(vacancies, mainly anion vacancies). Undoped
synthetic CaF, is colorless.

The study of color centers and the nature of
their formation in CaF, is of great interest. Color
centers play an essential role in their luminescent
properties, particularly in phosphorescence and
thermoluminescence. In addition, other methods
for studying color centers have been described in
the literature, including Raman scattering, EPR,
and photoconductivity [1-4].

It is generally accepted that the color centers in
CaF,, as in alkaline-halide crystals, are an anionic
vacancy that has captured a free electron. One
method for forming coloring centers in CaF, is
irradiation with high-energy particles, X-rays,
gamma quanta, and electrons [5, 6]. The following
leading absorption bands have been identified at
320, 385, 520 and 670 nm in CaF,. Irradiation for
the formation of color centers is most expedient by
electrons, which has several advantages over other
types of irradiation. At an electron energy of more
than 1 MeV, the formation of color centers is
carried out uniformly throughout the depth of the
sample, and both anionic vacancies can be formed
due to elastic scattering on the fluorine atom and
the creation of nonequilibrium charge carriers.

The present work studied the formation of color
centers in a synthetic lithium fluoride crystal
without dopants irradiated with 14 MeV electrons
at room temperature.

EXPERIMENT

In this work, undoped lithium fluoride samples of
1x 1 cm and 1 mm thickness were studied. The
irradiation of the samples was carried out on the
metrological stand of the M-30 microtron of the
Department of Photonuclear Processes of the Institute
of Electron Physics of the NAS of Ukraine. The
irradiation was carried out at room temperature; the
temperature was monitored remotely with a copper-
constantanum thermocouple. Because the beam size at
the output of the M-30 microtron is 5 x 15 mm, the
output beam was scattered on a thin tantalum target
with a thickness of 50 um using a shaping collimator to
form the required irradiation field, which improved the
uniformity of the electron beam at the sample
installation site. The magnitude and inhomogeneity of
the generated field were measured by a Faraday
cylinder with a calibrated inlet and did not exceed 0.5%
at the sample location. The Faraday cylinder calibrated
a translucent secondary emission monitor connected to
a current integrator, determining the set electron
fluence. The electron irradiation was accompanied by
inherent braking gamma radiation due to the interaction
of accelerated electrons with the accelerator's structural
elements and the scattering foil. It was shown in [7, 8]
that the contribution of braking gamma radiation did
not exceed 10%.

Fig. 1. M-30 microtron for radiation experiments

149



After the irradiation and the technological interval
(~80 s), phosphorescence was measured in the samples.
A photoelectron multiplier FEU-106 in the photon
counting mode measured the phosphorescence decay
kinetics. The temperature of the samples under study
was kept stable using the software. A spectrophotometer
SF-46 measured the optical absorbance of the samples.
The optical absorbance of the samples was measured
immediately after the phosphorescence decay, and the
samples were also measured 24 and 48 h after
irradiation to check the stability of the leading
absorption bands. After the crystals' phosphorescence
decay and optical absorption = measurements,
thermoluminescence was measured in the 25...300°C
temperature range, with a linear heating rate of
1°C/s.

MAIN RESULTS

The change in the optical absorption of calcium
fluoride CaF; is shown in Fig. As can be seen from the
data, when irradiated by electrons with an energy of 14
MeV, the studied samples form well-known absorption
bands at 320, 385, and 560 nm.
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Fig. 2. Changes in optical absorption of calcium

fluoride CaF, samples with irradiation dose

The concentration of the formed color centers was
calculated using the known Smakula-Dexter ratio:

L-AH'a7

N =0.87-10" ——0
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where N is the concentration of absorbing centers, cm’,
ng is the refractive index (ny= 1.41), f is the oscillator
strength (for alkaline-halide crystals, f = 0.7...0.8),
AH is the peak half-width, o is the absorption
coefficient, cm™.

As can be seen from Fig. 2, the concentration of
color centers in the samples under study increases with
the irradiation fluence. The concentration of color
centers in the studied crystals after ~ 24 h of irradiation
practically does not change.

The typical kinetics of the phosphorescence decay of
the investigated crystal irradiated with a fluence of
5-10™ el.-cm™ is shown in Fig. 3.
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Fig. 3. Phosphorescence decay kinetics of the
investigated crystal irradiated with a fluence
of 510" el-em™

Fig. 4 shows the thermoluminescence curve of the
investigated crystal irradiated with a fluence
5-10%el.-cm™
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Fig. 4. Thermoluminescence curve of the investigated
crystal irradiated with a fluence of 5-10" el.-cm™

It was found that the phosphorescence of the
irradiated calcium fluoride crystal, unlike lithium
fluoride, has a much more extended decay period, up to
~7 days. As shown in Fig. 4, 4 peaks were detected on
the thermoluminescence curve, the position of which
coincides with those found in [9].
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