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Introduction: A lot of new scintillation materials 

have been developed in the last decade, especially for 
use in high energy physics and medical imaging (Posi-
tron Emission Tomography). Some of them, in particu-
lar LaBr3:Ce and LaCl3:Ce would present interesting 
properties for gamma-ray spectroscopy. Coupled with 
low noise readout devices and highly reflective coat-
ings, these scintillators will in some cases compete 
with semiconductor detectors in the coming years. 
Although they have a poorer energy resolution than 
HPGe detectors, they do not require cooling systems 
(active or passive) and could be envisaged for future 
planetary missions where resources (mass, power) are 
limited. On the other hand, germanium-based detectors 
will still have the highest science return, making these 
new scintillators only attractive for the investigation of 
unexplored planetary bodies. 

The following presents perspectives of these new 
scintillators for a use in planetary exploration. High-
light is put on their spectral performances compared 
with conventional scintillators. 

 
Needs in planetary gamma-ray spectroscopy: 

Gamma-ray spectroscopy has already been widely 
used in the study of planetary bodies (with tenuous 
atmosphere) such as the Moon, Mars and some aster-
oids. Gamma-ray spectrometers measure fluxes of 
gammay-rays coming from surface elements activated 
by cosmic-ray particles bombardment. The detection 
of a lot of lines at specific energies in the spectrum 
reveals the presence of certain elements at the surface.  

 
 

Elemental abundances are estimated from the peak 
areas and their accuracy depends mainly on the follow-
ing parameters:  
• Energy resolution. The ability to resolve many of 

the spectral lines is of first importance, given the 
large number of lines that characterize a planetary 
spectrum.  

• Detection efficiency. The uncertainty in the ele-
mental abundance varies inversely with the square 
roots of time and peak efficiency. The low flux 
values of planetary gamma-ray lines and the lim-
ited observation time of the planet require high ef-
ficiency (stopping power) in the photon detection 
process. Thus, large-volume detectors (typically a 
few hundreds of cm3) are needed in planetary 
gamma-ray spectroscopy.  

 
New promising scintillators: Table 1 below lists 

the main characteristics of some current (NaI:Tl, 
CsI:Tl) and new (LaCl3:Ce, LaBr3:Ce) scintillators. 
Compared with current materials, cerium doped lan-
thanum bromide and, to a lesser degree, lanthanum 
chloride present a high light output (number of scintil-
lation photons per unit of incident energy) and particu-
larly a low intrinsic resolution (broadening effect due 
to non-proportionality of the light output).  

In terms of overall energy resolution, the best value 
reported is 2.6% (FWHM) at 662 keV for a 1 cm3 
crystal of LaBr3:Ce at room temperature coupled to a 
photomultiplier [5]. This is more than a factor 2 better 
than conventional scintillators (NaI:Tl for example) 
with the same size and readout.  
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Material NaI(Tl) CsI(Tl) LaBr3(Ce) LaCl3(Ce) 

References [1] [1] [3] [4] [5] [6] [7] 
Chemical formula   LaBr3:0.5%Ce3+ LaCl3:10%Ce3+

Density [g/cm3] 3.67 4.51 5.29 3.79 
Light Yield [ph/MeV] 38 000 54 000 68 000 50 000 
Intrinsic Resolution @ 662 keV 5.9% 3.8 % 1.2 % 1.5 – 2.0 % 
Wavelength λmax [nm] 415 550 - 565 370 350 
Natural Radioctivity No No Decay of  138La Decay of  138La 
Hygroscopicity Yes Slight Yes Yes 

 
Table 1. Summary of properties for current and new scintillators. 

 

 



Energy resolution for large size crystals. Although 
large size crystals of LaBr3:Ce are not yet available, it 
could be interesting to estimate their properties (spec-
tral resolution) from results given for small laboratory 
samples [3] [4] [5]. This evaluation requires to identify 
the major broadening effects in the overall energy 
resolution, R, that can be written as follows:   
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Each of these contributions corresponds to a specific 
mechanism in the detection process:  
• Rintrinsic is the intrinsic resolution of the scintilla-

tion material (broadening effect essentially due to 
non-proportionality in the light output); 

• RLCE is the contribution from non-uniformity in 
the light collection process and quantum effi-
ciency of the readout and depends strongly on the 
geometrical and optical properties of the crystal.  

• Rstatistic represents a contribution from the fluctua-
tion of the number of photoelectrons generated in 
the readout: 
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The number of photoelectrons, Nphe, can be simply 
estimated in function of the gamma-ray energy, 
the light yield, the light collection efficiency and 
the quantum efficiency:  

            QELCELYEN phe ⋅⋅⋅=

• Rnoise is a contribution from the electronic noise 
and from the gain variation in the readout device.   

 
Studies on small LaBr3:Ce crystals coupled to pho-
tomultipliers [5] have shown that the main contribution 
to energy resolution comes from the photoelectron 
statistics, while the intrinsic component is dominant 
for traditional scintillators (CsI:Tl, NaI:Tl). Thus, as-
suming the availability of large crystals, particular 
attention should be paid to maximize the number of 
photoelectrons and keep the advantages of  LaBr3:Ce 
scintillator. Among recent developments on scintilla-
tors light collection, the concept of a spherical geome-
try with a small readout area [8] can greatly improve 
resolution with respect to conventional right cylinder 
shape. A small collection area and a highly reflective 
coating (SiO2 or MgO powders) prevent from non-
uniformities in the light collection due to the crystal 
quality, to the readout non-uniformity or simply to the 
location of the scintillation event in the crystal. More-
over, the high reflection coefficient of the crystal coat-
ing provides a reasonable level for the light collection 
efficiency.  
 

Fig. 1 illustrates the previous considerations. En-
ergy resolution curves are shown for LaBr3:Ce and 
CsI:Tl, coupled to photomultipliers, with two different 
geometries: a 1 cm³ right cylinder, which corresponds 
to laboratory samples, and a 300 cm³ sphere (8.3 cm in 
diameter), which is the typical size for a sufficient ef-
ficiency in planetary spectroscopy.   
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Figure 1. Energy resolution for CsI:Tl and LaBr3:Ce. 

 
Summary and discussion: Results shown here 

clearly demonstrate the potential of lanthanum bro-
mide. Although large crystals will inevitably have 
worse resolution than current small prototypes, they 
present a particular interest for future planetary 
gamma-ray spectroscopy provided that some critical 
technical issues are answered, namely:  
• Growth of large-size crystals (up to 10 cm); 
• Space-qualified reflective coating to replace pow-

ders currently used in laboratory;  
• Characterization of degradation and activation 

phenomena in a radiative environment, as well as 
suppression of radioactive background from 138La.  

In terms of science performances, such new scintilla-
tors will not replace HPGe detectors for complete stud-
ies of planetary bodies but will certainly increase the 
limited number of detected lines with respect to con-
ventional scintillators.  
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