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Abstract
The polarization, spectral, and temperature dependences of the single-photon absorption 

coefficient of polarized radiation are calculated, and its linear-circular dichroism in crystals of 
tetrahedral symmetry is studied. In this case, the contribution to the coefficients of one-photon 
absorption of light from the effect of coherent saturation of optical transitions is taken into 
account.
Keywords: polarization, spectral, and temperature dependences of the single-photon light 
absorption coefficient, linear-circular dichroism, crystal of tetrahedral symmetry, coherent 
saturation effect

Introduction
Nonlinear absorption of light in a semi-

conductor with a degenerate valence band, 
which is due to direct optical transitions be-
tween heavy and light hole subbands and de-
pends on the state of radiation polarization, 
was studied in (Ivchenko, 1972; Rasulov, 
1993; Ganichev, 1983; Parshin, 1987; Rasu-
lov, 2017; Rasulov, 1996; Rasulov, 1988; Ra-
sulov, 1993). In these papers, it is assumed 
that the nonlinearity in the intensity depen-

dence of the single-photon absorption coeffi-
cient arises due to resonant absorption satu-
ration. This saturation is due to the 
photoinduced change in the distribution 
functions of light and heavy holes in the re-
gion of momentum space near the surface 
corresponding E Ehh hl(k) (k)

� �
�� � �� 0  to the 

resonance condition. Here, E Ehh hl(k) (k)
 � �  is 

the energy spectrum of heavy (light) holes, 
and ω  is the frequency of light.
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In (Rasulov, 1993) multiphoton lin-
ear-circular dichroism (LCD) for p-Ge was 
studied in the regime of developed nonlin-
earity, when n-photon processes make a 
comparable contribution to absorption with 
n � �� �1 5 . In (Rasulov, 2016; Rasulov, 
2015), four-photon processes in semicon-
ductors due to optical transitions between 
subbands of the valence band were studied. 
However, interband single-photon linear-cir-
cular dichroism, as well as intraband 
two-photon linear-circular dichroism, where 
the intermediate states are in the conduction 
band or in the spin-orbit splitting zone in 
crystals of tetrahedral symmetry, taking into 
account the effect of coherent saturation, re-
mained open, to which this article is devoted.

Here we consider one- or two-photon lin-
ear-circular dichroism of the absorption of 
polarized radiation, taking into account the 
effect of coherent saturation (Ganichev, 
1983; Parshi, 1987) in direct-gap crystals, 
which is due to direct optical transitions be-
tween subbands of the valence band, where 
we take into account the fact that intermedi-
ate states of current carriers can be located 
not only in the light and heavy subbands, but 
also in both the conduction band and the 
spin-orbital splitting zone. When calculating 
intraband single-photon light absorption, we 
assume that the photon energy satisfies the 
conditions � � �E Eg g SO, � , where Eg  is 
the band gap, ΔSO is the spin-orbit splitting of 
the valence band.

One-photon interband linear-circu-
lar dichroism

In case � � �E Eg g SO, �  there are two 
variants of interband optical transitions, the 
first of which satisfies the condition 
E Eg g SO� � �� � , and in the second case 
the condition � � �Eg SO�  is satisfied. 
Therefore, in the first case, optical transitions 
occur between the subbands of light and 
heavy holes in the valence band and the con-
duction band, and in the second case, optical 
transitions occur between the spin-orbit 
splitting and conduction bands, which we 
will analyze separately:

a) let the initial states be in the heavy hole 
subband of the valence band, then, in the 
Luttinger-Kohn and Kane approximation 
transition from V , /±3 2  into the c , /±1 2  
conduction band, i. e. MC, / ; V, /� �

� �
1 2 3 2

1 , which is 

schematically depicted as V c, / , / ,� � �3 2 1 2
is determined by the relations: 

M
eA
c

peC, / ;V / ,� �
� �

�� �
�
�

�
�
� �1 2 3 2

1 0



 M i
eA
c

peC, / ;V , / ,� �
� �

�� � �
�
�

�
�
� �1 2 3 2

1 0



M i
eA
c

peC, / ;V , / ,� �
� �

�� � �
�
�

�
�
� �1 2 3 2

1 0



 
and an optical transition of 

the V c, / , /� �3 2 1 2  type is forbidden, 
where � � � � ��e e iex y , � �e x y z� �( , , )-are the 
projections of the light polarization vector, 
relative to the coordinates the Oz axis of 
which is directed along the wave photoexcit-
ed current carriers (



k ), A0  – is the ampli-
tude of the electromagnetic wave potential 
vector, p  – is the Kane parameter (Ivchen-
ko, 1989; Bir, 1972), the rest are well-known 
quantities. The law of conservation of energy 
of this transition is described by 
� �E k E kc hh

� �
�� � � � � �� �  functions, where 

E k
k

m
Ec

c
g

� �� � � �
2 2

2
 is the energy spectrum of 

electrons in the conduction band, 

E k
k

mL
L

� �� � �
2 2

2  is the energy spectrum of holes 

in the subband of light L lh�� �  and heavy 
L hh�� �  holes, m mc L( )  is the effective mass-

es of current carriers in the conduction band 
and in the valence band, L ( )= lh hh  is for 
subbands of light (heavy) holes.

Based on the last relations, one can ob-
tain the polarization dependence of the prob-
abilities of the considered optical transitions. 
Calculations show that for optical transitions 
of the V, / C, /� � �3 2 1 2  type, the polar-
ization dependence of the probability of this 
transition, determined by the polarization 

dependence M
eA
c

p eC, / ;V, /� �
� �

�� �
�
�

�
�
� �1 2 3 2

1 2
0

2
2 2



, 

for both linear and circular polarizations, 
this dependence has an oscillatory character 
with respect to the angle between the pola-
rization vector and the wave vector of cur-
rent carriers. We note that, without taking 
into account the Rabi effect (Parshin, 1987; 
Rasulov, 2017; Rasulov, 1996), in this case 
the coefficient of interband linear-circular 
dich roism, defined as the ratio of the proba-
bilities of optical transitions for linear and 
circular polarization, is equal to unity, i. e. 
linear-circular dichroism is not observed;
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b) if the initial states are in the light hole 
subband of the valence band, then the matrix 
element of the single-photon optical transi-
tion from the light hole subband 
V m m, ( / )±1 2  to the conduction band 
c m m, ( / )� � � �1 2 , i. e. MC,m ;V,m�

� �1 , which is 
schematically depicted as V m c m, ,� �  is 
defined as the ratios: 

M
eA
c

p ec cV, / ;V, / ,� �
� �

�� �
�
�

�
�
� �1 2 1 2

1 0 1

3

M
eA
c

i
e pc сV, / ;V, / ,� �

� �
�� �

�
�

�
�
�
� �1 2 1 2

1 0

3

M
eA
c

i
e pc сV, / ;V, / ,� �

� �
�� �

�
�

�
�
�
� �1 2 1 2

1 0

3

M
eA
c

e pV z сVc, / ; , / ,� �
� � � �

�
�

�
�
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3

M
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3

. Then the square of 

the modulus of the matrix elements of the 

considered optical transitions is expressed 

as: M
eA
c

p ec сV, / ;V, / ,� �
� � � �

�
�
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1 2
0
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2 21
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3�
� � � �

�
�

�
�
� � The energy conservation 

law of these transitions is described by the 
� �E k E kc lh( ) ( )

� �
�� �� �  function.

Then the wave vector of photoexcited cur-
rent carriers is determined by the relation: 

k Ec lh

c lh

g,
( )

( , )
1

2

2� �
�� �� ��





, where �� �
�

( , )c lh c lh

c lh

m m
m m
 

�� �
�

( , )c lh c lh

c lh

m m
m m

 is the reduced effective mass rela-

tive to the effective masses of electrons and 
light holes.

Figure 1. Polarization dependence and dependence on the Rabi parameter of probability 
of the optical transitions type V, Chh →  (a) for linear and (b) for circularly polarized 
light and the wave vector of the current carriers, the amplitude value of which is almost 

independent of the parameter of the coherent saturation effect

 a) b)

 

Taking into account the polarization de-
pendence of matrix elements Mc , / ;V, /� �

� �
1 2 1 2

1  and 
Mc , / ;V, /1 2 1 2

1
�

� �  for optical transitions of types 
V, / C, /� � �1 2 1 2  and V, / C, /� �1 2 1 2, 

V, / C, /� �1 2 1 2

 it is possible to determine the 
polarization dependence of the probability of 
this transition, which is shown in (fig. 1 a). It 
can be seen from (fig. 1b) that the polariza-
tion dependence of the probability of the 
considered optical transition for both linear 
and circular polarizations have an oscillatory 
character with respect to the angle between 
the polarization vectors and the wave vector 
of the current carriers, but with an increase 
in the parameter of the coherent saturation 

effect �
�
��
�� �
�
�

�
�
�4 2 2

0

2
2

 

eA
c

pcV , the amplitude 
of the oscillations decreases by 20% for lin-
ear, 15% for circular polarization.

Fig. 2 shows the polarization dependence 
of the single-photon linear-circular dichro-
ism coefficient for type V, Chh →  optical 
transitions. It can be seen from (fig. 3) that 
the polarization dependence of the sin-
gle-photon linear-circular dichroism coeffi-
cient for the considered optical transition 
also has an oscillatory character with respect 
to the angle between the polarization vectors

The probability of an optical transition 
upon absorption of linearly polarized light is 
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about five times greater than the probabil-
ity of an optical transition upon absorption 
of circularly polarized light. The latter is ex-
plained by the dependence of the selection 
rule for the considered optical transition on 
the degree of light polarization;

c) if the initial states are in the spin-split 
band, then the matrix elements of single-pho-
ton optical transitions M SOC,m ; ,m�

� �1 , which are 
schematically depicted as SO m c m, ,� � , 
are defined as the relations: 

M
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The energy conservation law for these 
transitions is described by 

� �E k E kc SO( ) ( )
� �

�� �� �  function, where 

E k
k

mSO
c
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2 2

2
�  is the energy spectrum 

holes in the zone of spin orbital splitting, ΔSO 
is the energy of spin orbital splitting.

Whence we have M
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tor of photoexcited current carriers is defined 
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 � , ��
( , )c SO  

– reduced effective mass with respect to cur-
rent carriers in the conduction bands and the 
spin of the orbital splitting.

Figure 2. Polarization dependence and dependence on the Rabi parameter of the coeffi-
cient of single-photon linear-circular dichroism for V, Chh →  type optical transitions.

Taking into account the polarization de-
pendences of the squares of the absolute val-
ue of matrix elements

 MC, / ;SO, /� �
� �

1 2 1 2
1 2  and

 

MC, / ;SO, /1 2 1 2
1 2

�
� �

 for optical transitions of types
 

V, / C, /� � �1 2 1 2  and V, / C, /� �1 2 1 2

V, / C, /� �1 2 1 2 , it is possible to determine the 
polarization dependence of the probability of 
this transition, taking into account the effect 
of coherent saturation (see fig. 3). It can be 
seen from (fig. 4) that the polarization de-
pendences of the probabilities of optical tran-
sitions have an oscillatory character with re-
spect to the angle between the polarization 

vector and the wave vector of current carri-
ers, but the oscillation for linear polarization 
is approximately twice as large as for circular 
polarization. For both polarizations, the os-
cillation amplitude decreases with increasing 
coherent saturation effect parameter.

Fig. 3 shows the complex polarization 
dependence of the single-photon linear-cir-
cular dichroism coefficient for type 
SO → C  optical transitions. Such a non-

monotonic polarization dependence is ex-
plained by the fact that the transition prob-
ability is determined not only by the 
distribution function of current carriers in 
the initial state, but also by the square of the 
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composite matrix element corresponding to 
the optical transition, which is under the 
radical (see, for example, (Ganichev, 1983; 
Parshin, 1987; Rasulov, 2017)).

Conclusion
Thus, we have defined the following:

1. The polarization dependence of the 
squared moduli of matrix elements for in-
terband optical transitions for both linear 
and circular polarizations has an oscillatory 
character with respect to the angle between 
the polarization vector and the wave vector 
of current carriers.

Figure 3. Polarization dependence and dependence on the Rabi parameter 
of the probability of optical transitions SO → C  type (a) for linear and 

(b) for circular polarizations of light
 a) b)

 

2. For a single-photon optical transition 
between the spin-orbit splitting zone and the 
conduction band, the oscillation for linear 
polarization is approximately twice as large 

as for circular polarization. For both polar-
izations, the oscillation amplitude decreases 
with increasing coherent saturation effect 
parameter.
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