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Abstract—The influence of γ-irradiation on the spectral properties of YAG and YAG:Ce (~0.12 and
~0.2 at %) single crystals is studied. The interrelation between the changes of γ-induced absorption of Ce3+

and of some color centers in the crystals is established. It is shown that the analysis of radiative behavior of
Ce3+ in YAG:Ce crystals gives the opportunity: to evaluate a quantity of electron–hole traps influencing on
cerium ions in as-grown crystals and involving in radiation processes of cerium ions recharging; to predict the
concentration changes of Ce3+ in the crystals irradiated by doses (1.13–5.5) × 107 rad of γ-rays. The reasons
of the activator ions concentration impact on the various radiation behaviors of γ-induced absorption and
optical quality of these crystals are discussed.
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INTRODUCTION
Single crystalline bulk Y3A5O12:Ce (YAG:Ce) [1, 2]

is a well-established and industrially produced scintilla-
tor possessing high light yield (20000–24000 ph/MeV),
moderate decay time (10–120 ns), good energy reso-
lution (~7%) and used for applications in X-ray and
low (<300 keV) energy γ-ray detectors [3]. However,
high-quality crystals production is conjugated with a
range of issues one of which is a definition of quantity
and types of charge traps existing in as-grown crystals.
Presence of hole (h) and electron (e) traps and of other
structural defects in this oxide material is a reason of
the occurrence of unwanted absorptions induced by
radiation in the range of emission and a formation of
additional relaxation channels [4]. Moreover, ability
of Ce3+ ions to be easily recharged and ionic radiuses
misfit of Ce3+ and Y3+ leads to appearance in these
crystals of unstable valence states of the regular activa-
tor ions. Formation of (Ce3+ + h) and (Ce4+ + e) cen-
ters which can strongly change the efficiency of color
centers generation under an influence of radiation (γ-,
X-rays) in different glasses had been considered in
detail in [5, 6]. Occurrence of the same centers in
YAG:Ce crystals had been discussed in [7]. Existence
of such bound states of cerium ions in the crystals is
the reason of origin of γ-induced Ce4+ ↔ Ce3+

recharging processes which leads to variations in the
Ce3+ concentration: increase in final concentration of
the activator in YAG:Ce with small initial Ce3+ con-

tent and ionization of Ce3+ for the crystals with higher
Ce3+ content [8]. Accordingly, the imperfection level of
the crystal after irradiation strongly depends not only on
its initial quality and also on the concentration of active
dopant [9]. Another type of defects caused by the acti-
vator ions is substitution defect, so-called “antisite”

 center observed in garnet [8, 10, 11] and perofskite
[12] crystals. It has been noted [11] that existence of

 in LuAG:Ce (8 and 550 at ppm) can reduce the
scintillation efficiency of the crystals and negatively
influence on their scintillation characteristics.

Thus, the evaluation of color centers quantity
affecting the activator ions in YAG:Ce crystals and
influence of Ce3+ concentration on the crystals quality
still are important today. Purpose of this work
includes: definition of some color centers participat-
ing in changes of Ce3+ absorption in γ-irradiated
YAG:Ce crystals; search of an assessment manner of
the quantity of charge traps interacting with the activa-
tor ions in as-grown and irradiated crystals; determina-
tion of the reasons of opposite behavior of γ-induced
absorption of Ce3+ in the crystals with different concen-
tration (~0.12 and ~0.2 at %) of the activator ions.

USED MATERIALS AND RESEARCH 
METHODS

YAG and YAG:Ce single crystals (SC) were grown
by the vertical Bridgman method (Laboratory of
Luminous Materials, IPR NAS RA). Two groups of1 The article is published in the original.
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crystal plates (0.1 mm thickness) of YAG:Ce (0.12;
0.13; 0.13 at %) and YAG:Ce (0.18; 0.2; 0.22 at %),
hereinafter marked as SC1 and SC2 respectively, have
been chosen for experimental studies. Volumes rela-
tion of the crystal plates of SC1 to SC2 ones was 1.04–
1.08. Activator concentration (CCe) in the crystals was
estimated by the absorption coefficient magnitudes of
Ce3+ [13]. Optical density (D) spectra of the crystals
were recorded at room temperature in the range of
189–900 nm by the spectrophotometer “SPECORD
M40” and the absorption coefficient k has been deduced
considering the sample thickness. Investigated crystals
were irradiated by three different doses (Ddos) from
γ-source of 60Co (photon energy –1.25 MeV) at dose
rate of 28 rad/s. The true radiation doses absorbed by
the crystals have been calculated [14] by

,

where Dabs is the energy dose absorbed by a sample,
Ddos is the energy dose absorbed by a dosimetric sys-
tem,  is the mass absorption coefficient of the
dosimeter (0.02950 cm2/g) for the used source,

[ ]= μ ρ μ ρ( / ) ( / )abs abs dos dosD D

μ ρ( )dos

 is the mass energy-absorption coefficient [15]
of the sample. For SC1 and SC2, the applied doses of
γ-radiation, calculated absorbed doses and number of
γ-photons absorbed by cerium Nabs(Ce) in these crys-
tals are presented in Table 1.

RESULTS AND DISCUSSION
Color Centers Absorption in YAG and YAG:Ce

Observed in our measurements the absorption of
color centers, formed in YAG and YAG:Ce crystals,
are considered in this division.

The absorption spectrum of as-grown YAG crystal
(Fig. 1a) shows a presence of significant absorption at
<200 nm, intense band at ~210 nm and more weakly
band at ~320 nm. A shape and an intensity of the
absorption at 190–240 nm as well as some distinctions
in the range 240–330 nm depend on the crystals grow-
ing technique and a purity of row materials [16–18].

Gamma irradiation of YAG by dose 2 (Fig. 1a)
improves the crystal transmission except the range at
250–320 nm (Fig. 1b). This range corresponds to the
absorption of uncontrollable impurity ions of the tran-
sition metals such as Fe2, 3+, Cr3+ [8, 9, 16, 19] replac-
ing Al3+ ions in octahedral sites of the crystal. Instead
of the broad absorption band at ~210 nm, in γ-induced
spectra appears a decreased absorption of two bands at
196 and 226 nm associated with F and F+ centers in
[20]. The maximal change of γ-induced absorption at
<190 nm is observed in the range of the crystal’s exci-
tons creation [21].

YAG:Ce crystals absorption in UV-visible spectral
region are conditioned by the absorption of YAG

μ ρ( )abs
Table 1. Applied and absorbed doses of γ-rays, number of
γ-photons absorbed by cerium ions in YAG:Ce crystals
(SC1 and SC2)

Dose, 
D

Ddos, 
107 rad

Dabs, 
107 rad

SC1 Nabs(Ce), 
1011 γ-photons

SC2 Nabs(Ce), 
1011 γ-photons

1 1.13 0.96 1.45 1.40

2 3.10 2.56 3.92 3.70

3 5.50 4.69 7.41 6.90

Fig. 1. (a) Absorption spectra of YAG before (1) and after
(2) γ-irradiation, (b) γ-induced absorption spectra. 
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matrix, 4 f 15d0 → 4 f 05d1 transitions of Ce3+ and
absorption of defects created by cerium ions. These
crystals absorption spectra (Fig. 2) clearly exhibit only
two bands of Ce3+ at 459 and 340 nm. Overlapping of
Ce3+ absorption bands at ~220 nm [18, 22] and, prob-
ably, at ~207 nm [23] with the absorption of F+ center
(226 nm) is observed at attentive consideration of this
range in inset on Fig. 2. The band at 192 nm which is
enough discernible in the crystals with low absorption
intensity at <190 nm and can be associated with Ce3+

transitions to the highest energy level located in the
range of excitons creation [21, 23, 24].

The presence in YAG:Ce crystals of examined
above color centers (or charge traps) which can be
sources of electrons or holes for cerium ions were is
not observed directly in the spectra on Fig. 2. But,
such as in YAG crystal, the absorption of these centers
arise in γ-induced spectra of YAG:Ce (SC1, SC2)
which are presented in the next division.

Gamma-induced Absorption of YAG:Се

Figure 3 depicts the spectra of γ-induced absorp-
tion of SC1 and SC2.

In comparison with YAG, about 10 times stronger
absorption at 240–320 nm are seen in SC1 and, espe-
cially, in SC2 (Figs. 3a, 3d–3f). Besides the recharging
band of Fe3+ at 240–260 nm [19], this range includes
the absorption of T2g triplet of  center at ~270–
320 nm [11]. Increase of γ-induced absorption at 270–
310 nm (Fig. 3a) can be interpreted by the formation of
( ) centers during the crystals irradiation, if to
assume that CeAl defects in our crystals are forming in

the crystallization process mainly as  adjacent to
hole traps. The related absorption of ( ) cen-
ter, hereinafter denoted as , have been attributed
to the band at ~300 nm located on the long-wave tail
of the recharging band of Fe3+. Increase of this band
absorption in the crystals takes place under all applied
doses (Fig. 3).

Intensity variation of γ-induced absorption of F+ cen-
ters (~226 nm) accompanied by F centers (~196 nm) dis-
integration under certain doses (Figs. 3a, 3b) once
more confirm theirs belonging to different kinds of the
F type centers [25]. Besides the denoted defects, in
γ-induced spectrum of SC1 is seen the absorption at

+3
AlCe

+4+
AlCe e

4+
AlCe

+4+
AlCe e

+3
AlCe

Fig. 3. γ-Induced absorption spectra of SC1 (a–c) and SC2 (d–f). Absorption changes of some color centers are indicated.
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~370 nm (Fig. 3a) which can be associated with O–

centers [19, 26].
Figure 4 shows the measured absorption changes of

Ce3+ at 459 nm, F+ centers at 226 nm, recharging band
of Fe3+ at ~250 nm and of  at ~300 nm depending
on the crystals absorbed doses. Radiation behavior of
each of noted absorptions, with the exception of the
band at 226 nm in SC2 (Fig. 4c), may be described by
polynomial fittings and are satisfying by the same
types of trinomial quadratic equations like (1) and (2)
for Ce3+:

(1)

(2)

where x is the absorbed dose of γ-rays, ∆k1,2 is the dif-
ference absorption coefficient, i.e. the γ-induced
absorption coefficient. Although the dependences
presented on Fig. 4 quite well describe qualitative
changes of γ-induced absorption of the noted color
centers, but are insufficient for their quantitative
assessment. In really, it is possible to analyze only the
equations (1) and (2) as we can calculate only the
changes of Ce3+ content in the crystals. The concen-

+3
AlCe

( )3 2
1(Ce ) 2.495 3.488 0.694 SC1 ,k x x+Δ = − + −

( )3 2
2(Ce ) 0.259 2.913 0.546 SC2 ,k x x+Δ = − − +

tration changes ∆C of Ce3+ (positive Δk) and Ce4+

(negative Δk) in YAG:Се crystals for each of used irra-
diation doses (Fig. 3) are presented in Table 2. At the
same time, ∆C values characterize a quantity of the
activator ions valence changes (Ce3+ ↔ Ce4+) and
allow to define the number (n) of those regular cerium
ions which are susceptible to inf luence of the defects
located near dodecahedral sites of cerium in unit vol-
ume of YAG:Се.

As follows from Eq. (1), Ce4+ → Ce3+ transitions in
SC1 (linear term 3.488x) are simultaneously retarding
by reverse transitions Ce3+ → Ce4+ (quadratic term
‒0.694x2). And the constant term implies that not
irradiated SC1 may contain about 9.7 × 10–3 at % of
Ce4+ what is the reason of increase in intensity of Ce3+

absorption under doses 1 and 2 (Fig. 4a).

Radiation change of Ce3+ absorption in SC1 cor-
relates with the behaviors of the bands at 226 nm (F+

center) and at 250 nm (Figs. 4a, 4b) which character-
ize both formation and disintegration of F+ centers
and the transitions Fe3+ ↔ Fe2+. On the other hand,
radiation changes of the absorption of Fe3+ at ~250 nm

correlates with the changes of  (300 nm) under
doses 1 and 2 (Fig. 4b). Increase of the number of

 and Fe3+ → Fe2+ processes under dose
3 is the result of electron loss by Ce3+ and disintegra-
tion of F+ centers.

Radiation change of Ce3+ absorption in SC2 (Fig. 4c)
shows a reduction of intensity of γ-induced absorption
under all applied doses. From Eq. (2), on the contrary
to Eq. (1), follow that transitions Ce3+ → Ce4+ in SC2
(linear term –2.913x) are simultaneously retarding by
the reverse transitions Ce4+ → Ce3+ (quadratic term
0.546 x2). The constant term indicates that not irradi-
ated SC2, practically, did not contain of Ce4+.
In addition, radiation behavior of the absorption
change of Ce3+ ions in SC2 does not correlates with F+

centers (226 nm) behavior, but close to the changes of

Fe3+ and of  (Fig. 4d).

+3
AlCe

→4+ 3+
Al AlCе Cе

+3
AlCe

Table 2. Ce3+ and Ce4+ ions concentration changes in γ-irradiated YAG:Ce

Irradiation dose
SC1 SC2

∆C(Ce3+), at % ∆C(Ce4+), at % ∆C(Ce3+), at % ∆C(Ce4+), at %

1 0.85 × 10–3 – – 8.7 × 10–3

2 7.3 × 10–3 – – 14 × 10–3

3 – 5.4 × 10–3 – 6.9 × 10–3

Fig. 4. Dependencies of γ–induced absorption changes of
the bands at 459 (�), 226 (�), 250 (▲) and 300 nm (�) with
the absorbed doses in SC1—(a, b) and SC2—(c, d). 
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Role of Cerium Content on the Radiation 
Behavior of Ce3+ in YAG:Се

Relatively large ionic radius of Ce3+ (rVIII–1.14 Å),
as compared to Y3+ (rVIII–1.02 Å), induces a local dis-
tortion of a part of dodecahedral sites of Ce3+ in
YAG:Ce. It leads to the stabilization of some crystal
defects nearby the activator ions in a process of the
crystals growing. As follows from Fig. 4, almost twice
as much of Ce3+ ions content in as-grown crystals pro-
duce the different changes of γ-induced absorption
not only of Ce3+ but also of examined color centers.
The raised content of Ce4+ (rVIII–0.97 Å) in as-grown
SC1 indicates a presence of about the same number of
hole traps close to the dodecahedral site of these ions.
And opposite, almost complete absence of Ce4+ in as-
grown SC2 means that an increasing of Ce3+ concen-
tration leads to suppressing of hole traps formation
around the activator sites, since Ce3+ by themselves
also represents the hole trap.

Equations (1) and (2) which describe the changes
of γ-induced absorption of Ce3+ in SC1 and SC2 may
be represented as the sum of negative and positive
changes of Ce3+ absorption as:

where  ;
; . The positive

values  and  define the absorption of that
number  and  of Ce3+ which have
been created by irradiation. The negative values 

( )+Δ = Δ + Δ3 1 2
1 1 1(Ce ) ,SC1k k k

( )+Δ = Δ + Δ3 1 2
2 2 2 SC2 ,(Ce )k k k

Δ =1
1 3.49 ;k x Δ = − +2 2

1 (2.49 0.69 )k x
Δ = − +1

2 (0.26 2.91 )k x Δ =2 2
2 0.54k x

Δ 1
1k Δ 2

2k
+Δ 1 3

1(Ce )n +Δ 2 3
2(Ce )n

Δ 2
1k

and  define the negative absorption of that number
 and  of Ce3+, which have been

recharged to Ce4+. After a recalculation of these addi-
tional absorption coefficients to the number of Ce3+

and Ce4+ ions in unit volumes of the crystals, the com-
mon quantity Δn1 and Δn2 of these ions or the number
of Ce4+ → Ce3+ and Ce3+ → Ce4+ transitions in 1 cm3

in SC1 and SC2 can be written as

(3)

(4)

where  
; ; .

As shown on Fig. 5, the equations (3) and (4)
describe mechanisms of radiative creation of Ce3+ and
Ce4+ in SC1 (curves 1 and 2) and in SC2 (curves 4 and 3).
The difference between quantity of Ce3+ and Ce4+

ions, created under the crystals irradiation by doses 1,
2 and 3, is equivalent to resultant changes of Ce3+ con-
centration (Table 2) and absorption intensity at
459 nm (the positive or negative ∆k) (Figs. 3 and 4) in
SC1 and SC2. So, the obtained dependencies
(curves 1–4) give an opportunity to predict the
changes of γ-induced absorption of Ce3+ for each of
absorbed doses in the range (0.5–5) × 107 rad.

For determination of the concentration of elec-
tron–hole traps participating in a recharge of the acti-
vator, let’s consider the derivatives of the equations (3)
and (4), where x is replaced by γ-photons number
absorbed by cerium ions (Table 1). The components of
these  and  derivatives, plotted as separable
dependences 1–4 on Figs. 6a, 6b, describe evolution

Δ 1
2k

+Δ 2 4
1 (Ce )n +Δ 1 4

2(Ce )n

1 3 2 4
1 1 1(Ce ) (Ce ) (SC1),n n n+ +Δ = Δ + Δ

( )1 4 2 3
2 2 2(Ce ) (C SC2 ,e )n n n+ +Δ = Δ + Δ

Δ = ×1 11
1 0.94 10 ;n x Δ = × +2 18

1 0.67 10n
× 3 21.86 10 x Δ = ×1 11

2 0.77 10n x Δ = ×2 3 2
2 1.40 10n x

Δ 1( ) 'n Δ 2( ) 'n

Fig. 5. Radiative change of Ce3+ (�, ○) and Ce4+ (�, �) number in SC1 and SC2 with the crystals absorbed dose. Curves 1, 2 for

SC1 and 3, 4 for SC2 are described by the equations (3) and (4). � (1)— , � (2)— , ○ (3)— ,

� (4)— . 
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dynamics of the recharging processes Се3+ ↔ Се4+ in
SC1 and SC2 within the limit of  irradiation range
(0.6–8) ×1011 γ-photons.

The processes of an electron capturing by Се4+

(Се4+ → Се3+) in SC1 and of a hole capturing by Се3+

(Се3+ → Се4+) in SC2 (curves 1 and 4 on Fig. 5)
defined by the linear terms  and 
in equations (3) and (4), take place with constant
increments  and  (horizontal
curves 1 and 4 on Fig. 6). These increments are 5.8 ×
106 cm–3 per γ-photons in SC1 and 4.9 × 106 cm–3 per
γ-photons in SC2. Integral number of the radiation
created Ce3+ in SC1 and Ce4+ in SC2 are equal to the
areas under horizontal curves 1 and 4 on Figs. 6a, 6b.
The competing reverse processes of a hole capturing
by Се3+ (Се3+ → Се4+) in SC1 and an electron captur-
ing by Се4+ (Се4+ → Се3+) in SC2 (curves 2 and 3 in
Fig. 5) defined by the square terms  and

 in equations (3) and (4), evolve with accel-
erations (not horizontal curves 2 and 3 in Figs. 6a, 6b)
and are described as

(5)

(6)

Integral numbers of the radiation created Ce4+ in
SC1 and Ce3+ in SC2 are equal to the areas under not
horizontal dependences 2 and 3 on Figs. 6a, 6b.

Radiation processes Се3+ ↔ Се4+ in the crystals
reach equilibrium at a cross point at the doses 3.89 ×
1011 γ-photons for SC1 (Fig. 6a) and at 3.91 × 1011

γ-photons for SC2 (Fig. 6b). At these doses take place

+Δ 1 3
1(Ce )n +Δ 1 4

2(Ce )n

+Δ 1 3
1( (Ce )) 'n +Δ 1 4

2( (Ce )) 'n

+Δ 2 4
1 (Ce )n

+Δ 2 3
2(Ce )n

( )
( )

2 4 6
1

5

(Ce ) ' 0.71 10

1.32 10 (Ce) SC1 ,abs

n

N

+

−

Δ = ×

+ ×

( )
( )

2 3 6
2

5

(Ce ) ' 0.47 10

1.14 10 (Ce) SC2 .abs

n

N

+

−

Δ = ×

+ ×

the quantity equivalence of the changeable Ce3+ and
Ce4+ as well as of the concentrations of electron and
hole traps. The difference between the areas under
curves 1 and 2 (triangles A and B on Fig. 6a) as well as
between the areas under curves 3 and 4 (triangles C
and D on Fig. 6b) define the quantity of defects closely
spaced to the activator ions in as grown crystals and
influencing a valence state of cerium ions during the
crystals irradiation. Magnitudes of the areas of noted
triangles SA and SB in SC1 and SC and SD in SC2, the
initial content of electron-hole traps and CeAl content
in the crystals are presented in Table 3. The numbers
of Ce3+ disposed near hole centers in as-grown SC1
and of Ce4+ disposed near electron centers in as-grown
SC2 are equal to the constant components of

 and  in Eqs. (5) and (6).

The area of SA, where the number of (Ce4+ + e) >
(Ce3+ + h), determines the quantity of electron centers
disposed near Ce4+ in SC1 which are turning into hole
centers in the result of electron capture by Ce4+. The
area of SB, where the number of (Ce3+ + h) > (Ce4+ + e),
determines the quantity of hole centers created by
radiation in SC1. The difference between quantities of
electron and hole centers (SB – SA) testifies about an
occurrence of additional hole centers, number of
which corresponds to the content of CeAl (3–6% of the
regular cerium ions concentration [10]) in these crys-
tals (Table 3). As shown on Fig. 4b, in SC1 are
observed only  processes under the crys-
tals irradiation. The holes, ejected by  and cap-
tured by nearest electron centers, convert them to hole
centers. Formation of such additional radiation cen-
ters is resulting in the acceleration of the processes of
hole transfer to Ce3+ in SC1 (curve 2 on Fig. 6a).

+Δ 2 3
2( (Ce )) 'n +Δ 2 4

1( (Ce )) 'n

→4+ 3+
Al AlCe Ce

4+
AlCe

Fig. 6. Derivatives of the quantity of Ce3+ (1, 3, 5) and Ce4+ (2, 4) changes with respect of absorbed γ-photons by cerium ions in
SC1 (a) and SC2 (b, c). (A, D) Ranges of e-centers participation; (B, C, C1) ranges of h-centers participation.
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In comparison with SC1, antithetic radiation
behavior of the activator ions and decreased number of
all recharging processes are observed in SC2 (Fig. 6b).
The area of SC, where the number of (Ce3+ + h) >
(Ce4+ + e), defines the number of hole centers dis-
posed near Ce3+ in SC2. The area of SD defines the
number of electron centers which would be formed in
SC2 under dose 3. But we did not observe any additional
increasing of absorption bands intensity of Ce3+ ions in
SC2 under used irradiation doses (Figs. 3d–3f) what
indicate the appearance of additional hole centers
(electron traps) around Ce3+ under the crystals irradi-
ation.

It should be noted that investigated YAG and
YAG:Ce crystals had been grown by the same method
and by using of the same row materials. The principal
distinction between SC1 and SC2 include the intense
absorption at 230–320 nm which is repeating in γ-
induced absorption spectra and the increased number
of Ce4+ in SC2 under all irradiation doses. The reason
of this effect can be, most of all, explained by twice
increased content of  centers (Table 3). In this
case, like in SC1, the recharging  pro-
cesses promote formation of additional hole centers
(triangle C1 on Fig. 6b), quantity of which is defined
by the area SC1 (Table 3). Thus, the increase of hole
centers number (SC + SC1) suppress a formation of
new electron centers near dodecahedral sites of
cerium, transform the dependence 3 to the depen-
dence 5 and the recharging Се3+ ↔ Се4+ processes in
SC2 will reach equilibrium at a cross point under
higher dose (Fig. 6c).

As shown on Figs. 3e, 3f and 4c, 4d, γ-induced
absorption observed in SC2 under doses 2 and 3 is the
absorption result only of one electron center ( )
and of one hole center (Fe3+). Therefore, only the
radiative recharging processes  can be

4+
AlCe

→4+ 3+
Al AlCe Ce

3+
AlCe

→4+ 3+
Al AlCe Ce

the source of appearance of additional hole centers in
SC2. These data suggest that rise of the dopant con-
tent (0.18–0.23 at %) in as-grown crystals leads to the
absence of Ce4+ and to the presence of only electron
traps in surrounding of ~4% of Ce3+, which are equil-
ibrate the hole traps around of . The total number
of Ce3+ ↔ Ce4+ recharging processes, conditioned by the
existence of these defects, is equal to ~13.5 × 1017 cm–3.

Completely another distribution and quantity of
defects are observed in SC1 (Table 3) with compara-
tively low concentration of Ce3+ (0.12–0.13 at %).
These crystals contain excess number of hole traps
(~10 times more than electron traps) around of the
activator site and ~3.6 × 1017 cm–3 nearby . About
8% from the total concentration of cerium can exist in
these crystals as Ce4+. The number of all recharging
processes Ce3+ ↔ Ce4+, conditioned by the existence
of these defects, is equal to ~18.8 × 1017 cm–3 what is
~30% more than in SC2.

CONCLUSIONS

Impact of γ-rays ((1.13–5.5) × 107 rad) on YAG:Ce
(0.12–0.22 at %) single crystals leads to an occurrence
of the competing reverse Ce3+ ↔ Ce4+ recharging pro-
cesses by reason of actively interaction of a part of Ce3+

with the intrinsic defects localized near dodecahedral
site of the activator in as-grown crystals. Presented in
this work the methodology of a quantity estimation of
the noted recharging processes and mechanisms con-
sideration of their evolution give information on quan-
tity of the charge traps formed in as-grown crystals and
then involved in radiative processes of the activator
recharging. This data allow forecasting changes of the
activator ions absorption for each of doses in noted
range of γ-irradiation. Decisive role in a formation of
color centers in as-grown YAG:Ce plays the concen-
tration of cerium ions which “manage” the crystals

4+
AlCe

4+
AlCe

Table 3. Quantity1–3) of charge traps interacting with Ce3+, Ce4+ and CeAl in YAG:Ce

1) Quantity of charge traps are given in units 1017 cm–3 and 10–3 at % (in brackets).
2) Concentration of CeAl centers has been calculated as a part [10] of Ce3+ in crystals.
3) Values of SA,B,C,C1 have been calculated for the irradiation range (0.6–8) × 1011 γ-photons.

Crystals CCe

Centers in as-grown crystals Radiation changed centers

e-center near Ce4+ h-center near Ce3+ CeAl 
[10] e-center near Ce4+ h-center near Ce3+

e-center near 

SA SB SB–SA

SC1 ~86.5 6.7 0.7 ~3.4 7.6 11.2 3.6
(~125) (9.7) (1) (4.9) (11) (16) (5.0)

SD SC SC1

SC2 ~138.7 0.5 5.4 ~6.9 – 6.6 ~6.9
(~200) (0.72) (7.8) (9.9) – (9.1) (9.9)

4+
AlCe
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defects distribution and a ratio of electron and hole
traps around themselves. Introduction of Ce3+ (up to
~0.15 at %) in these crystals stimulates the formation
of excessive number of cation vacancies due to large
ionic radius of Ce3+. And on the contrary, the increas-
ing of dopant concentration suppresses the formation
of the crystals cation vacancies in the result of corre-
sponding increase of  number which promote a
reduction of color centers content, improve the near-
est environment of the dodecahedral site of Ce3+ ions
and heighten radiation stability of these crystals.
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