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CeF3 crystal is a fast, high radiation hardness scintillator. Since it was proposed as possible scintillator used
for calorimeter of L3P, much work has been made on this material. But almost no theoretical work has been
done on this field. In this paper, we use different cluster model and try to simulate the electronic structure of
this material, including LaF3 doped by Ce3+and CeF3 crystal. Results are compared with the experiment. It
is found that Ce ~" itself plays an important role in the optical property of CeF3 crystal.

1. Introduction
With the development of high energy physics
and accelerator physics, the search for fast, hard
radiation crystal is very active in recent years. It is
pointed out tll that heavy inorganic scintillator CeF3
seems rather promising for application in
electromagnetic calorimetry due to its short decay
time and high light yield. Nevertheless, as we know,
the energy structure of this scintillator has not been
reported yet. Recently, we have used a cluster model
to calculate the energy structure of this material to
obtain better understanding of the luminescence
properties of CeF3.

2. Theoretical models
In this work, we explore the Hatree-Fock-Slater
model for determining the occupied levels and
lowest excitation level of CeF3, adopting the
simplest one-electron direct-transition to interpret
the excitation spectrum. Thus, the effective
Hamilitonian is
H=T+Vc+Vx

,

(1)

where the first two terms are the kinetic energy and
coulomb potential, respectively, and the exchange
potential operator Vx is approximately expressed by
the local potential
Vx=-3o~(3 p/8n) 1/3

(2)

Where p is the molecular charge density, and the
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exchange e.cmfficient o~ is treated as an adjust
parameter, which in our work is set as 0.7.
A single-particle excitation energy can be
generally written as
AE~j

= g, j - g 5 + U O.

,

(3)

where ¢~ and 6 are one-electron eigenvalues of H,
a n d U o. contains self-energy and correlation terms
obtained from some mny-electron theory. In the
Hatree-Fock model U o. takes a simple well-known
form t2j, but it is difficult in calculation. It is more
complicated, ¢~and 6 are not all eigenvalues of the
same Hamiltonian (ground state). The "transition
state" scheme has been suggested as a simple
alternative, but it requires a separate calculation for
each transition. [31 For the present, we investigated
the simple scheme generally used in band theory, of
determining all ¢~ from a single potential and
neglecting all U o. corrections.

3. Cluster model selection
CeF3 adopts the same structure as LRF3, the
space group of these two crystals is P 3C 1 [41. The
highest point group of this structure is D3d. In a such
structure, the anion ligand number is 9, i.e. each
cation is surrounded by 9 anions. We used (CeFg) 6
cluster to calculate the electronic structure for the
first time. The symmetry of (CeF9) 6 is C2. The
choice of this model is somewhat artificial in the
sense that no such molecule or complex exists
separately from the crystal. This model does not
represent the structure of CeF3 crystal itself, but it
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can better represent the structure of LaF3 doped with
Ce3+. As in LaF3 doped with Ce3+, Ce3+ replaces the
La 3+ and forms localized structure in LaF3 crystal [5]
Secondly, we use the (Ce3F:) 2+ cluster, which gives
better representation of the crystal structure, to
calculate the energy structure of the crystal. The
Discrete Variational Xo~ method has been used for
the calculation. Details of the DV-Xc~ formulation
has been given elsewhere [6-sj. The variational
method is based on the SSO (single-site-orbit) basis.
The sampling points are 300 for each atom.
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4. Results and discussion
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(1). (CeF9)6-cluster: The structure of the cluster
adopts C2 symmetry. In such structure, the
environmental crystal field is composed of 9 F ions.
The Cc3+ center possesses a single active electron, in
which 4f orbit is acted weakly by external field. On
the other side, the unscreen 5d atomic orbital is
largely influenced by the environmental field. Thus
the 4f--~5d transition is splitted into 5 categories.
Fig. 1 shows absorption spectrum of LaF3:Ce 0.05%
[9]. The 5 peaks on the right correspond to these 5
categories. Using one-electron direct transition
interpretation, mentioned above, Table 1 gives these
calculated results. The absorption peaks presented in
Fig.1 are also listed in Table 1. As discussed in
section 3, the two results agree with each other. The
remaining peak in Fig.1 (157nm, 7.86eV) can be
identified from our calculation as 4f-+6s transition.
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(2). (Cc3F7)2+ cluster: The space group of CeF3 is
P 3-C 1. This is a non-point space group. In this
structure, each unit cell contains 6 Ce3+ and 14 F
ions. To avoid complex calculation, we chose
(Cc3F7)2+ cluster, which is just a half of the total
number of atoms in a unit cell. The other atoms in
unit cell can be rebuilt by slipping the cluster along
c-axis. Compared to the above cluster model, this
model gives better representation of crystal itself.
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h Comparing calculation value with
experiment results of absorption peaks
obtained in Laf3:Ce in eV.
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Fig. 1 Absorption spectrum of LaF3:Ce(0.05%)
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Fig.2 The energy level diagram of (Cc3F7)2+ cluster
in our calculation (group representation).
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Fig.3 The transimission spectntm of a CeF3 crystal.
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population, it can be pointed out that the highest
occupied molecular orbits (HOMO) consists mainly
of Ce3+ 4f orbit, and the lowest unoccupied
molecular orbit (LUMO), of Ce3+ 5d orbit. The gap
between the Ce3+ 4f band and Ce3+ 5d band is 3.96
eV in our calculation. Fig.3 shows the absorption of
CeF3 crystal obtained in our experiments. There is a
strong absorption near 300 nm (4.13eV) which is in
better agreement with the results of our calculations.
Secondly, from our calculations, the 4f band is a
narrow band, the electric dipole transitions from
4f~5d, 6s are in the range of 3.96~8.29 eV. This
result is also justified by experiment. Fig.4 gives
excitation spectra of Ce3+ luminescence in CeF3
crystal [9].It can be seen that the excitation peaks are
in the 286nm (4.33eV)---150nm (8.26eV) range.
This shows that Ce3+ is essential for the optical
property of CeF3 crystal. This result agrees with the
discussion of A.J. Wotowicz [iol.
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Fig.4 The Excitation spectrum ofa CeF3

To simulate the environment, the Waston Sphere is
also applied in the calculation. Fig.2 gives the
energy level of this cluster, it can be seen that the
cluster orbits are splitted into several groups,
corresponding to different bands of band theory.
Using the Mulliken method to analysis the orbital
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