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Abstract  The magneto-optical Kerr effect of La0.7Ca0.3MnO3 at low temperature in far-infrared terahertz and 

mid-infrared region from 0.2 to 1.2 eV is theoretically investigated by means of the Drude model. The complex con-

ductivity and dielectric constants are obtained. The spectra of Kerr rotation with different external magnetic fields B 

and temperatures T are numerically analyzed. A large Kerr rotation in mid-infrared region could be explained as the 

incoherent hopping motion of polarons. 
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1 Introduction 

Since the recent discovery of the colossal mag-
neto resistance (CMR) phenomenon in hole-doped 
manganite, La1-xCaxMnO3 has been widely studied on 
account of their unique electronic and magnetic prop-
erties, which vary with doping concentrations. For 
doping concentration x from 0.2 to 0.5, the materials 
show a transition from a paramagnetic insulator to a 
ferromagnetic metal near the Curie temperature Tc [1, 2]. 
Such insulator-metal (IM) transition phenomena con-
necting with the CMR feature has attracted consider-
able interests for they are helpful to understand the 
mysterious nature of charge stripes in strongly corre-
lated materials. In order to determine the electrical and 
magnetic properties of La0.7Ca0.3MnO3, various meth-
ods have been employed such as Hall effect measure-
ments [3], new muon spin relaxation (USR) and neu-
tron spin echo (NSE) measurements [4], tempera-
ture-dependent optical spectroscopy measurements [2], 
and so on. Among them, optical spectroscopy is a 
powerful tool for investigating the electronic structure 
of the manganite [5, 6].  

In a previous report [7], Simpson et al. measured 
the optical properties of these materials at low tem-
perature and got a good theoretical statement to match 
their experimental results in far-infrared THz and 
mid-infrared region over the frequency from 0.2 to 
1.2eV. But they did not take the external magnetic 
field into account. Based on their experiment data, in 
this paper, we report on a theoretical analysis of the 
magneto-optical Kerr effect (MOKE) of 
La0.7Ca0.3MnO3 at low temperature in the above men-
tioned frequency region because now the MOKE 
spectroscopy has become a standard and valuable 
technique to study various magnetic, optical, and elec-
tronic characteristics of materials. MOKE spectros-
copy is useful to probe the electronic structure of 
ferromagnets and is less sensitive to surface effect. 
Moreover, MOKE is sensitive to the magnetic elec-
trons, d states in the transition-metal ions, and d, f 
states in the rare-earth ions [8]. Hence, the MOKE 
spectroscopy is applicable to many basic problems of  
materials that have been studied such as spin-orbit 
coupling, electron spin polarization, and interband or 
intraband transition, and so on. 
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2 Theoretical analysis of MOKE 

Fig. 1 shows the real and imaginary parts of the 
diagonal elements of the dielectric function, the Kerr 
rotation, and ellipticity at 10K, which were calculated 
by means of the Drude model. As we know, the di-
electricity is a function that depends on frequency. In 
general, the dielectric tensor is symmetric in the ab-
sence of an external magnetic field. In this case, it can 
be treated as a scalar. Under the external magnetic 
field B, scalar then changes to tensor. If z-axis is nor-
mal to the sample surface, B is perpendicular to the 
sample surface in the Cartesian coordinate. Then the 
dielectric tensor can be presented as  follows [9]: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1  The imaginary part and real part of the diagonal ele-
ment of the dielectric Function xxε at 10K. 

(The Kerr rotation θ  and ellipticity φ  are also represented.) 

 
 

 
0
0

0 0

xx xy

yx yy

zz

ε ε
ε ε ε

ε

⎛ ⎞
⎜= ⎜
⎜ ⎟
⎝ ⎠

⎟
⎟   

In the Drude model framework, the components 
of the dielectric tensor in presence of the external 
magnetic field are as follows [10-12]: 
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where bε  is the background dielectric constant, 
( )2

0/p Ne mω ε ε= *b  is the effective plasma fre-
quency, N and  are the carrier density and effec-
tive mass, 

*m
Γ  is the effective scattering rate, and 
 is the cyclotron frequency, which can be 

determined from measurements of the absorption or 
reflection of circularly polarized electromagnetic wave 
with frequency 

/ *c eB mω =

ω . The off-diagonal part of the di-
electric tensor xyε , which arises from interband and 
intraband transition, is reasonable for the mag-
neto-optical effects. The Kerr rotation θ  and elliptic-
ity φ  can be calculated from the formula [10, 11, 13]: 

 i /[ (1xy xx xx )]Ψ θ φ ε ε ε= + = −   

3 MOKE of La0.7Ca0.3MnO3 

According to the previous experimental data, be-
low the IM transition temperature TIM~230K 
La0.7Ca0.3MnO3 compound dominates in the ferro-
magnetic metallic phase. Using the above Drude 
model, we can calculate the MOKE spectrum of 
La0.7Ca0.3MnO3 at low temperature 10K. The parame-
ters of this hole-doped manganite were given by Ref 
[7]: pω =1.15 eV, Γ =23 meV, and bε =4.9 [14] (be-
cause of the difference between the equations men-
tioned above and Simpson's, we divided the parameter 

pω  by bε , then pω =514 meV), so we can get the 

cω  value of about 0.02 meV. 
Under an external magnetic field of B=0.5 T, the 

numerical results can be derived when these parame-
ters are put into Eqs. (1). It has been suggested that 
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around pω , large resonance-shaped enhancement of 
Kerr ellipticity will occur while Re [11, 15]( ) 1.0xxε ≈ . 
In a recent study [12], a new viewpoint that the en-
hancement in the Kerr spectrum occurs at 

 was put forward, whileRe( , ) 1.0ε ε+ − ≈ xx xyε ε ε± = ± . 
However in our work, from Fig. 1, the detailed nu-
merical calculation shows that at pω  it is not Kerr 
ellipticity that reaches its positive maximum, but Kerr 
rotation, while Re( )xxε  is -0.06. When the Kerr rota-
tion gets its minimum value at 574 meV, both Re( )ε+  
and Re( )ε−  are equal to 1.0. So is Re( )xxε . On the 
other hand, from 562 meV to 583 meV the ellipticity 
reaches its positive and negative values one after an-
other, while Re( )xxε , Re( )ε+ , and Re( )ε−  are all 
approximate to1.0. We think all these happenings may 
be the reason that at low temperature, the effective 
damping constant is relatively small compared with 
the effective plasma frequency. But the true reason is 
not known clearly yet. As we know, the Kerr effect 
can manifest many phenomena such as 
spin-polarization, spin-orbit interaction, plasma edge 
effect, joint density of states, momentum matrix ele-
ments, and so on [16, 17]. In optical frequency domain, 
the marked enhancement in MOKE spectra originates 
mainly from the interband and intraband transition. In 
the low-frequency region, generally, for crystalline, 
the internal motion, intermolecular modes, and lattice 
vibrations contribute to low frequency absorption. For 
La Ca MnO , above T , in the insulating regime it is 
widely accepted that a small polaron called the “Hol-
stein polaron” plays an important role

0.7 0.3 3 c

 [2, 18]. Below T , 
La Ca MnO  is in the ferromagnetic metallic phase, 
and it was found that La Ca MnO  has a large ab-
sorption band centered at ~0.5 eV. This feature can be 
attributed to an incoherent hopping motion of polarons 
from  to  sites in the metallic state and 
such motion of polarons causes the pronounced en-
hancement of the MOKE spectra of La Ca MnO  

c

0.7 0.3 3

0.6 0.4 3

3Mn + 4Mn +

0.7 0.3 3
[8, 

19, 20]. At two sides of pω , the value of Kerr rotation 
changes from a positive maximum to a negative 
maximum. As shown in Fig. 1 when ω=575 meV, the 
Kerr rotation has negative maximum value of −0.012o 
while there is a peak of 0.004o at the ω=507 meV, 
which is less than that of normal magnetic materials 
Fe, Co, and Ni, whose polar rotations are typically in 
the range of 0.3o to 0.6o for optical frequency [21, 22]. 

The diagonal and off-diagonal components of op-
tical conductivity tensor xxσ  and xyσ  have also 
been calculated by the following equation: 

 0i ( b )αβ αβ αβσ ωε ε ε δ= − −  (2) 

The subscripts α , β  can be represented by x 
and y. They are shown in Fig. 2. This is done with 
B=0.5T at 10K temperature. From the figures, it is  
clear that at the frequency range that has been  dis-
cussed the real and imaginary parts of xxσ  and xyσ  
are all monotonic. Two parts of xxσ  all decrease with 
the increase in frequency , but variations of two parts 
of xyσ  show opposite tendencies, i.e. the real part 
decreases with increase in frequency, while the 
imaginary part increases with frequency increasing. 
There is another interesting phenomenon, i.e. the fre-
quency pω  is a critical frequency for the real and 
imaginary parts of conductivity. When frequency ω  
is below pω , the real and imaginary parts of diagonal 
and off-diagonal components of optical conductivity 
tensor change dramatically, exhibiting a strong fre-
quency dependence of them. But when frequency 
ω is above pω , all curves become smoother. In this 
range, they present considerable independence of fre-
quency.  

The effective scattering  has a TΓ 2 temperature 
dependence [7]. In order to quantify the spectral change 
with temperature, we have obtained Fig. 3. The values 
of Kerr rotations below 1.0eV at various temperatures 
in the ferromagnetic phase are shown. The used opti-
cal parameters for numerical calculation of pω  and 
Γ , given in Table 1, are extracted from the experi-
mental data in Ref. [7]. From Fig. 3, we can see that 
all enhancements occur at the frequency pω , whose 
values at 10K and 70K are almost the same, i.e. their 
Kerr rotation’s enhancements occur at almost the same 
place, and so do those at 100K and 130K. In addition, 
we have found that the Kerr rotation decreases when 
the temperature increases. Although we have indicated 
that the apparent enhancement in MOKE spectra of 
La0.7Ca0.3MnO3 comes from the incoherent hopping 
motion of polarons from  to 3Mn + 4Mn +  sites, 
quantitative information about temperature depend-
ence of this motion is still lacking. From the visible 
representation of MOKE with different temperatures,  
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Fig.2  The imaginary parts and real parts of the diagonal and off-diagonal elements of the conductivity xxσ  and 
xyσ . 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.3  Calculated Kerr rotations at various temperatures when 

B = 0.5 T. 

 

Table 1  Parameters for the MOKE calculation at various 
temperatures extracted from Ref. [7]. 

T / K  pω / meV Γ / meV 
10K 514 23 
70K 523 29 
100K 564 46 
130K 569 62 

 
we attributed these phenomena to disorder. The effect 
of magnetic field on a charge inside a magnetized me-
dium is the summation of external magnetic field and 
magnetization of the medium. When temperature in-
creases, the orientation of magnetization becomes dis-
ordered, which results in decrease of the effect on the 
magnetic field of La0.7Ca0.3MnO3. In previous study 
[23], we can find the data that support our opinion. Al-
though the paramagnetic-to-ferromagnetic transition 
temperature (Tc) is raised in a magnetic field, the 
phase transformation need not be taken into account, 
because in the discussed temperature region, the tem-
perature is far below the Tc. 

According to the Drude model, the change of the 
external magnetic field can affect the Kerr rotation. 
Fig. 4 shows the Kerr rotation at 10K in different ex-
ternal magnetic fields. From the illustration, we can 
see that the change of the external magnetic field only 
affects the values of the Kerr rotation, and the Kerr 
rotation increases when the external magnetic field 
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increases. However, all enhancements still occur at the 
place of pω . As mentioned above, the MOKE of ma-
terials is proportional to the product of the spin-orbit 
coupling strength and net electron spin polarization. 
Hence this behavior suggests that the spin-orbit cou-
pling strength and spin polarization are enhanced with 
increase in the external magnetic field and then result 
in the increase of MOKE spectra with the increase in 
the magnetic field. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4  Calculated Kerr rotations in various external magnetic 

fields. 

4 Conclusion 

In summary, the MOKE of La0.7Ca0.3MnO3 in 
low energy region from 0.2 eV to 1.2 eV at low tem-
perature was theoretically calculated with the Drude 
model. We have shown the enhancement of Kerr effect 
caused by the motion from  to 3Mn + 4Mn +  sites. 
The calculated rotation varying between 0.004° and 
-0.012° at low temperature was obtained. The Kerr 
effects of La0.7Ca0.3MnO3 at different temperatures 
and in various external magnetic fields were also dis-
cussed. The Kerr rotation increases while the tem-
perature decreases because of the disorder. Meanwhile, 
when the external field increases, the amplitude of 
Kerr rotation shows a clear increase. We also plotted 
the real and imaginary parts of diagonal and 
off-diagonal elements of conductivity as functions of 
the frequency ω . In our paper, we consider the effec-
tive scattering rate as a constant independent of fre-
quency ω  as the Drude model holds, but in fact it 
also depends on frequency [7]. As a macroscopic and 
experiential model, the Drude model cannot give the 
microscopic original mechanism. So a more detailed 

and comprehensive study is needed in the future. 
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