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INTRODUCTION

LaBr3–Ce crystals are state�of�the�art scintillation
materials for spectrometric detectors of photon radia�
tion. Crystals from Saint�Gobain are characterized by
relatively high photon yields (~60000 photons/MeV),
relatively fast decay of scintillation pulses (τ < 25 ns),
and high stability of parameters over a wide range of
temperatures. The crystals can be used in spectrome�
try and various medical applications due to their rela�
tively high energy resolution and radiation hardness
[1–3]. At present, the main problem is studying the
energy nonproportionality of the photon yield, espe�
cially in the X�ray spectral range. Such a dependence
was studied in [4] using synchrotron radiation (SR) in
the X�ray range of 1.4 to 100 keV. The d → f lumines�
cence of the Ce3+ ions in LaBr3–Ce upon ultraviolet
(UV) and vacuum ultraviolet (VUV) excitation was
studied in [5], in which the edge of fundamental
absorption and the energy of interband transitions
(Eg = 5.9 eV at Т = 10 K) were determined.

In this work, we study the photoluminescence (PL)
of LaBr3–Ce crystals at temperatures of 295 and 7.5 K
upon the UV and VUV excitation and excitation in the
ultrasoft X�ray range (extreme UV range (XUV)) of
45 to 290 eV that spans the photoionization potentials
of several inner shells. The aim of this work was to ana�
lyze the radiative relaxation processes in LaBr3–Ce
crystals for the PL over a wide range of energies.

EXPERIMENTAL

Optical�quality single crystals from OOO Stark
were grown using the Bridgeman method in quartz
ampoules at a rate of 1 mm/h and were certified via
X�ray diffraction and chemical analysis [6]. In our

experiments, we used LaBr3–Ce crystals (5 wt % Ce3+)
freshly cleaved in dry air with dimensions of 10 × 8 × 1 mm.
The crystals were hygroscopic and the time interval
between cleavage and the placing of crystal in the
ultra�high�vacuum cryostat with a residual working
pressure of ~2 × 10–7 Pa was no greater than one
minute.

In our experiments, we employed time�resolved
luminescence spectroscopy on the SR channels at the
HASYLAB laboratory (DESY, Hamburg): channel I
(Superlumi station, UV/VUV range) and channel
BW3 (XUV range). Upon UV/VUV excitation, we
measured the PL spectra using an ARC Spectra Pro�
308 0.3�m�base monochromator and a Hamamatsu
R6358P PMT. The measurements of the time�inte�
grated PL spectra were supplemented with measure�
ments of the PL spectra in two time windows with
width Δt that were delayed relative to the SR excitation
pulse by δt. The parameters of the time gating were
δt1 = 1.4 ns and Δt1 = 14 ns (fast component) and δt2 =
52 ns and Δt2 = 20 ns (slow component). The time res�
olution of the detection system was no greater than
0.8 ns, and the time interval between the SR pulses was
96 ns. The PL excitation spectra were normalized by a
number of photons equal to that of those incident on
the sample using sodium salicylate. A description of
the equipment and experimental procedure for con�
ducting measurements on the BW3 channel in the
XUV range can be found in [7]. The spectral resolu�
tion was 0.1 eV at 100 eV.

RESULTS AND DISCUSSION

Figures 1–3 present the main experimental results.
At room temperature, the PL spectrum was a nonele�
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mentary band formed by typical d → f radiative transi�
tions from the excited state to the ground state
(F5/2, F7/2) of the Ce3+ ions and split by the crystal field
(Fig. 1). Such splitting is clearly seen at lower temper�
atures at any (UV/VUV/XUV) excitation. Our time�
resolved experiments revealed the long�wavelength
shift of the spectrum of the slow component. This was
due to the PL decay kinetics at fixed excitation energy
Eexc depending on radiation wavelength λrad. Figure 3
shows the PL decay curves at T = 295 K for two values
of λrad. For λrad = 430 nm, the decay curve exhibits a
developed slow component of the microsecond range
that forms the pedestal of the PL decay curve. The shift
of the PL spectrum of the slow component is clearly
seen at low temperature (inset to Fig. 1). To find the
reasons for modification of the PL spectral shapes in
the time�resolved experiments, we measured the PL
spectra of a freshly cleaved crystal kept in a cryostat at
a residual pressure of ~1 Pa for one day. A broad long�
wavelength band emerged in the PL spectrum in the
interval 430–460 nm, and the intensity of this band
increases at low temperature. This indicates a possible
relationship between this PL band and the low�tem�
perature emissions of corrosion products that result
from the interaction of hygroscopic crystals in a fore�
vacuum with residual atmospheric gases. The PL spec�
trum’s shape and the wavelength dependence of the
PL decay kinetics could nevertheless be related to the
effect of the point defects in a crystalline structure, or
to the microscopic defects that form in the course of
crystal growth, particularly the effect of the phase of
lanthanum oxybromide, the presence of which is pos�
sible in the bulk of the crystal under the above growth
conditions [8].

Note the complicated shape of the PL excitation
spectra and considerable difference between the time�
integrated spectrum and the time�resolved spectrum.

1

Figure 2 shows the spectra for the UV–VUV and XUV
spectral ranges separately.

In the low�energy interval from 3.7 to 5.0 eV, the
bands in the PL excitation spectrum are determined by
the f → d intracenter transitions in the Ce3+ ion. We
observe a monoexponential decay (Fig. 3a, table), but
the decay time depends on the excitation energy. At
Eexc = 4.27 eV (the energy that corresponds to the
minimum on the PL excitation spectrum), the decay
time is reduced. Faster decay of the intracenter PL was
observed for several crystals doped with Ce3+ [9], and
hence can be related to electronic transitions in the
Ce3+ ions located in the vicinity of the defects of crys�
tal structure in LaBr3–Ce. When Eexc is greater than
5 eV, we observe the nonexponential decay of the d → f
luminescence of Ce3+ ions with microsecond compo�
nents. This is clearly seen in the time�resolved PL
spectra (curves 2 and 3 in Fig. 2a). Decay curve I(t) is
well approximated using two exponential functions:
I(t) = A1exp[–(t – t0)/τ1] + A2exp[–(t – t0)/τ2] + I0, 

where parameter I0 considers the contribution from
the slow microsecond components. Table shows the
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Fig. 1. Time�resolved PL spectra of LaBr3–Ce at Eexc =
6.88 eV and T = (1)–(3) 7.5 and (2a) 295 K: (1) time�inte�
grated spectrum, (2) and (2a) fast component, and
(3) slow component.
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Fig. 2. Time�resolved PL excitation spectra of LaBr3–Ce
at λrad = 356 nm and T = (1)–(3) and (1b)–(3b) 295 and
(4) and (5) 10 K: (1), (1b), and (5) time�integrated spectra;
(2), (2b), and (4) fast component; and (3) and (3b) slow
component. Spectrum 5 is the result from [5] for LaBr3–
Ce (0.5 wt %). The arrows indicate the photoionization
energies of inner shells.
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parameters of the PL decay curves at several typical
values of Eexc. In accordance with the estimates from
[5], the minimum energy of the interband transitions
in LaBr3 is Eg = 5.9 eV at Т = 10 K. Our estimate is
based on an analysis of the PL excitation spectrum
(curve 5 in Fig. 2a). However, we obtained substan�
tially different results (compare spectra 4 and 5, mea�
sured at Т = 10 K). In the crystals under study, the PL
yield drops sharply only at energies greater than 6.6 eV.
Therefore, energy Eg is estimated to be 7.0–7.2 eV.
Such a difference in the PL excitation spectra cannot
be due only to the difference between the Ce3+ ion
concentrations. We assume that the reason lies in the
difference between the concentrations of point or
macroscopic defects of the crystalline structures in the
investigated crystals provided by different manufactur�
ers. Additional independent procedures are needed for
a correct estimate of energy Eg in LaBr3.

Upon excitation in the range of fundamental
absorption (Eexc > 7.2 eV), the PL yield falls to almost
zero, testifying to the relatively high mobility of band
electrons and holes and their nonradiative recombina�
tion on the surface. In the VUV range, we do not
observe an increase in the PL yield up to an energy of
21 eV (not shown on the spectra). The effect of the
multiplication of electronic excitations, inherent in
any effective scintillation process, is thus not observed
in this energy range. However, the effect is clearly seen
at high energies in the XUV range (Fig. 2b). For p�type
crystals with relatively narrow valence bands, the
threshold energy of the effect ranges from 2Eg to 3Eg.
We therefore assume that energy Eg = 5.9 eV was sub�
stantially underestimated in [5].

In the XUV range, we observe a monotonic
increase in the PL yield with an increase in excitation
energy Eexc, along with narrow dips and a broad deep
minimum at 118 eV. The energies of narrow dips cor�
respond to the known photoionization potentials of
inner shells (the energies and corresponding elec�
tronic states are marked with arrows). Specific features
are observed in the photoionization range of the
3d (Br) and 4d (La) states. Specific features of the PL
excitation spectra are less developed in the excitation
range of the deeper 3p states (Br). The excitation of
scintillations in these crystals was analyzed in [1, 2, 5].
The excitation results from subsequent electron–hole
radiative recombination on the Ce3+ centers. The nar�
row dips on the PL excitation spectrum must therefore
be related to the transition of electrons from the
ground levels to the conduction band. The broad deep
minimum at 118 eV in the PL excitation spectrum
correlates with the absorption spectrum of the lantha�
num film [10]: the spectra are completely antibatic.
The absorption of lanthanides in this energy range is
considered a manifestation of giant resonance [11]. In
this range of fundamental absorption, the absorption
coefficient is extremely high (~105–106 cm–1) and the
absorption of photons with such energies takes place
only in a very thin surface layer of the crystal. An

2

increase in the absorption coefficient in the range of
photoionization potentials and giant resonance stim�
ulates the nonradiative recombination of charge car�
riers on the surface. The competition between the
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Fig. 3. PL decay curves of LaBr3–Ce for the PL excitation
in (a) UV–VUV and (b) XUV spectral ranges at T = 295 K:
(a) λrad = 356 nm and Eexc = (1) 4.27, 3.87, 4.6, (2) 4.86,
(3) 5.52, (4) 6.88, and (5) 7.75 eV and (b) λrad = (1) and
(2) 430 and (3)–(5) 356 nm and Eexc = (1) and (3) 130,
(2) and (5) 118, and (4) 500 eV. Segments Fast and Slow show
the time windows that correspond to the fast and slow com�
ponents, respectively, in the time�resolved experiments.

Parameters of the LaBr3–Ce PL decay curves

Eexc, eV
λrad = 356 nm  λrad = 430 nm

τ1, ns τ2, ns I0 τ1, ns τ2, ns I0

T = 295 K
3.9; 4.6; 4.9 25.4 – 0.03 33 – 0.08

4.27 23 – 0.015 26.5 – 0.03
7.75 15 32 0.2

118 1.3 8 0.01 2.9 15.0 0.06
130 2.1 10.2 0.03 3 14.2 0.11
500 5.9 16 0.01

T = 7.5 K
95 1.9 10.5 0.032

102 1.1 9.8 0.021 13.3 126 0.21
119 1.0 9.2 0.022
286 2.2 12.8 0.04
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radiative recombination of charge carriers on the
Ce3+ centers and the nonradiative recombination on
the surface accounts for the structure of the PL exci�
tation spectrum.

The nonexponential PL decay curve depends con�
siderably on Eexc (Fig. 3). Decay times τ1 and τ2 dimin�
ish when the excitation photon energies correspond to
narrow dips and the range of giant resonance in the PL
excitation spectrum (the calculation error was no
greater than 5%). This result is also related to the com�
petition between the radiative recombination of band
carriers on the Ce3+ centers and the nonradiative
energy loss in a thin surface layer.

The PL spectral features at temperature Т = 7.5 K
are similar to the spectral features at room tempera�
ture. In the excitation range of the 3s, 3p (Br), 4s, and
4p (La) deep inner shells (up to 209 eV), the structure
in the PL excitation spectrum is negligible (as at the
temperature Т = 295 K). The time�resolved spectra
differ because the PL decay kinetics also depends on
energy Eexc. In the range of the dips and giant reso�
nance, the PL decay times diminish. Note that the
contribution from the slow (microsecond) compo�
nents is no greater than 2–4% of the peak intensity for
λrad = 356 nm at T = 7.5 K. This and the negligible
temperature dependence of the luminescence yield in
the interval 90–400 K [3] indicate that LaBr3–Ce can
be used as a fast scintillator over a wide range of tem�
peratures.
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