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Only Open Access Journals

SJR

The SJR is a size-independent prestige indicator that ranks journals by

their 'average prestige per article'. It is based on the idea that 'all

citations are not created equal'. SJR is a measure of scientific

influence of journals that accounts for both the number of citations

received by a journal and the importance or prestige of the journals

where such citations come from It measures the scientific influence of

the average article in a journal, it expresses how central to the global

scientific discussion an average article of the journal is.

Year SJR

2022 0.198

Total Documents

Evolution of the number of published documents. All types of

documents are considered, including citable and non citable

documents.

Year Documents

2019 29

2020 30

2021 31

2022 32

2023 38

External Cites per Doc  Cites per Doc

Evolution of the number of total citation per document and external

citation per document (i.e. journal self-citations removed) received by

a journal's published documents during the three previous years.

External citations are calculated by subtracting the number of self-

citations from the total number of citations received by the journal’s

documents.

Cites Year Value

External Cites per document 2019 0

External Cites per document 2020 0.552

E t l Cit d t 2021 0 576

% International Collaboration

International Collaboration accounts for the articles that have been

produced by researchers from several countries. The chart shows the

1 - Biointerface Research in Applied
Chemistry

58%
similarity

2 - Letters in Applied NanoBioScience
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3 - Malaysian Journal of Chemistry

55%
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ratio of a journal's documents signed by researchers from more than

one country; that is including more than one country address.

Year International Collaboration

2019 20.69

2020 13.33

2021 12.90

2022 9 38

Cited documents  Uncited documents

Ratio of a journal's items, grouped in three years windows, that have

been cited at least once vs. those not cited during the following year.

Documents Year Value

Uncited documents 2019 0

Uncited documents 2020 17

Uncited documents 2021 39

Uncited documents 2022 53

Uncited documents 2023 49

Uncited documents 2024 48

% Female Authors

Evolution of the percentage of female authors.

Year Female Percent

2019 56.45

2020 44.09

2021 52.81

2022 37.50

2023 46.53

2024 49.62

2025 49.25

Estimated APC

It estimates the article processing charges (APCs) a journal might

charge, based on its visibility, prestige, and impact as measured by the

SJR. It does not reflect the actual APC, but rather a calculated

approximation based on journal quality.

Year Est. APC (USD)

2019

2020

2021

2022 2470

Estimated financial value

It represents the potential financial worth of a journal. It is obtained by

multiplying the journal's Estimated APC by the total number of citable

documents published over the past five years. This value reflects the

hypothetical revenue a journal could generate based on its estimated

publication costs and scholarly output.

Year Est. value (USD)
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Year Est value (USD)

Total Cites  Self-Cites

Evolution of the total number of citations and journal's self-citations

received by a journal's published documents during the three previous

years.

Journal Self-citation is defined as the number of citation from a journal

citing article to articles published by the same journal.

Cites Year Value

Self Cites 2019 0

Self Cites 2020 1

S lf Cit 2021 2

Citations per document

This indicator counts the number of citations received by documents

from a journal and divides them by the total number of documents

published in that journal. The chart shows the evolution of the average

number of times documents published in a journal in the past two,

three and four years have been cited in the current year. The two years

line is equivalent to journal impact factor ™ (Thomson Reuters) metric.

Cites per document Year Value

Cites / Doc. (4 years) 2019 0.000

Cites / Doc. (4 years) 2020 0.586

Cites / Doc. (4 years) 2021 0.610

Cites / Doc. (4 years) 2022 0.867

Cites / Doc. (4 years) 2023 1.057

Cites / Doc. (4 years) 2024 1.168

Cites / Doc. (4 years) 2025 1.376

Cites / Doc. (3 years) 2019 0.000

Cites / Doc. (3 years) 2020 0.586

Cites / Doc. (3 years) 2021 0.610

Cites / Doc. (3 years) 2022 0.867

Cites / Doc. (3 years) 2023 1.043

Cites / Doc (3 years) 2024 1 366

Citable documents  Non-citable documents

Not every article in a journal is considered primary research and

therefore "citable", this chart shows the ratio of a journal's articles

including substantial research (research articles, conference papers

and reviews) in three year windows vs. those documents other than

research articles, reviews and conference papers.

Documents Year Value

Non-citable documents 2019 0

Non-citable documents 2020 0

N it bl d t 2021 0

Documents cited by public policy (Overton)

Evolution of the number of documents cited by public policy

documents according to Overton database.

Documents Year Value

Overton 2019 0

Overton 2020 0

Overton 2021 0
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Metrics based on Scopus® data as of March 2026

Documents Year Value

Overton 2022 0

Overton 2023 0

Documents related to SDGs (UN)

Evolution of the number of documents related to Sustainable

Development Goals defined by United Nations. Available from 2018

onwards.
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Abstract  

As an extension of our previous theoretical study, we perform temperature-dependent optical conductivity calculations 

on La0.7Ca0.3MnO3 over a wide photon-energy range up to ∼22 eV, aiming to capture the metal–insulator transition while 

preserving the general temperature-dependent profile at higher photon energies. The system is modeled with simple Mn–

O coordination via the tight-binding method, where some hopping integrals are considered functions of magnetization. 

Upon incorporating the static Jahn–Teller effect with, Coulomb–Hubbard and magnetic exchange interactions, with the 

exception of a quantitative difference in the calculated 𝑇𝑐  of 160 K versus the experimental value (260 K) and 

discrepancies in the mid-energy regime, the results reproduce the qualitative temperature-dependent optical conductivity 

trends, especially for the low- and high-energy regimes, as observed in the experimental data. This qualitative agreement 

is achieved by setting the magnetization-dependent hopping parameters for the Mn–O hopping parameters, 𝑡𝑎 and 𝑡𝑏, as 

𝑡𝑎(𝑏) = 𝑡𝑎(𝑏)
(0)

+ 𝑡𝑎(𝑏)
(1)

𝑀 + 𝑡𝑎(𝑏)
(2)

𝑀2, with 𝑡𝑎
(0)

= 0.958 eV, 𝑡𝑎
(1)

= 0 eV, 𝑡𝑎
(2)

= 0.112 eV, 𝑡𝑏
(0)

= 0.280 eV, 𝑡𝑏
(1)

= 0 eV, 

and 𝑡𝑎
(2)

= 2.080 eV. The results underscore the importance of correlation effects arising from the interplay of the lattice, 

charge, and magnetic degrees of freedom in determining the overall profile of the temperature-dependent optical response 

of manganite, connecting the physics of the high-energy optical response and the transport properties at the dc limit. 

 

Keywords: Dynamical mean-field theory, La1−xCaxMnO3, metal–insulator transition, optical conductivity, spectral 

weight transfer 

 

1. Introduction 
 

Manganite, a group of transition metal oxides, exhibits various exotic phenomena arising from strong correlations among 

its many degrees of freedom [1, 2, 3, 4]. These correlations manifest in different transport responses, such as multiferroics, 

charge ordering, and colossal magnetoresistance, depending on geometrical structures. At low Ca doping, LaMnO3 

converts antiferromagnetic (AFM) insulators into ferromagnetic (FM) metals. This FM metallic phase undergoes a 

transition to a paramagnetic (PM) insulator as temperature increases. 

 

Understanding the phase transition of such nonstoichiometric systems using first-principles calculations is highly 

challenging because this approach typically applies only for ground states [5]. Because of the complexity of such systems, 
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mailto:aziz.majidi@sci.ui.ac.id


Listiana Satiawati et al. 

Makara J. Sci.  Month 201x | Vol. xxx | No. xxx 

2 

building an effective model is requisite for determining the origin of this phase transition. An oversimplified low-energy 

Hamiltonian consisting only of Mn orbitals was proposed for microscopically describing the responses of La1−xCaxMnO3 

(LCMO) in the static (dc) limit [6, 7]. However, neglecting the higher energy contribution from hybridization of the Mn–

d and O–p orbitals might occlude the grand picture, as it assumes no correlation between low- and high-energy regimes. 

Ca doping enables two dissimilar Mn ions (Mn3+ and Mn4+) to undergo charge transfer mediated by O ions via the double-

exchange (DE) mechanism [8, 9, 10, 11, 12]. The low- and high-energy phenomena are naturally inseparable in this 

system. 

 

Measurement of the optical conductivity indicates spectral weight transfer from low- to medium- and high-energy regimes 

when temperature is varied [13]. As temperature increases, the static (dc limit) optical conductivity undergoes a metal–

insulator transition (MIT). The change in the spectral weight in the low-energy regime is then balanced by the change in 

conductivity in the mid- and high-energy regimes, conserving the total spectral weight. 

 

This result suggests that an effective model for La1−xCaxMnO3 should at least include the Mn–O configuration, while the 

La and Ca bands can be excluded because they may not considerably affect the temperature dependence of the transport 

and optical responses [14]. One can further reduce the degrees of freedom by assuming strong Hund’s coupling, which 

fixes the occupation of the 𝑡2𝑔 subshell of Mn d orbitals in a high-spin configuration. As an effective model, we focus on 

two 𝑒𝑔 subshells of Mn and three p orbitals of O. 

 

Previously, Majidi et al. [14] solved this effective Hamiltonian for La0.7Ca0.3MnO3 within dynamical mean-field theory 

(DMFT) to address the temperature dependence of the optical conductivity. Despite the simplicity of the model, the 

temperature dependence of the spectral weight agrees well with the experimental data in the mid- and high-energy regimes 

[13]. Nevertheless, this model is still incomplete as it cannot represent the MIT phenomenon in the dc limit. Despite 

incorporating static Jahn–Teller (JT) distortion, the model does not treat the dynamics of JT electron–phonon coupling. 

It was suggested that the MIT arise from competition between the dynamic JT interaction and FM correlation. 

 

We argue that dynamic JT phonons, in competition with the Anderson–Hasegawa DE mechanism, lead to MIT. At high 

temperatures, JT phonons are abundant, and magnetization is absent. Itinerant electrons are scattered by JT phonons and 

can be trapped by forming localized polarons, rendering the system insulating. At low temperatures, the number of JT 

phonons is much lower, while magnetization tends to strengthen Mn–O electron hopping, which in turn increases electron 

delocalization, resulting in a metallized phase. Rigorous modelling of such a competing mechanism is a challenging task 

that requires a more sophisticated solution. In this study, we do not present such a treatment; rather, we propose that the 

unknown detailed microscopic process of competition between the dynamic JT interaction and the DE-driven FM 

correlation may be viewed phenomenologically as renormalization of the Mn–O hopping parameters as magnetization 

develops in the system. In this way, the Mn–O hopping parameters become temperature-dependent through 

magnetization.  

 

In moving from high to low temperatures, FM correlation starts to develop. This increases the probability of hopping via 

the DE mechanism. Electron hopping between Mn ions via oxygen through the DE mechanism is pronounced if electron 

spins are aligned, as postulated by Anderson and Hasegawa [9]. The hopping integral is roughly inversely proportional 

to temperature. Below a certain temperature (i.e., the FM 𝑇𝑐), magnetization starts to develop and becomes larger as 

temperature decreases further to approach zero. In this model, there are two Mn–O hopping parameters. According to the 

Anderson–Hasegawa picture [9], with decreasing temperature, magnetization increases, and these two hopping 

parameters should increase. The enhancement of these two hopping parameters eventually increases the electron mobility, 

which delocalizes electrons previously trapped in polarons, thus promoting the transition of the system from insulating to 

metallic around 𝑇𝑐, concomitant with the transition from PM to FM. 

 

Although the MIT scheme driven by competition between the JT electron–phonon interaction and FM correlation has 

been widely accepted [2], its relation to the high-energy optical response has not attracted much attention from 

researchers. Here, we highlight the effect of the change in the magnitude of the Mn–O hopping parameters on modifying 

the band structure and probability of optical transition between electronic levels to some degree. The data further suggest 

that the optical response would also be modified as temperature changes across the PM–FM transition and inside the FM 

phase. We argue that this is the reason why the MIT at the dc limit is accompanied by optical spectral weight transfer in 

higher photon-energy regimes. 

 

How the DE mechanism competes with the dynamic JT electron–phonon interaction is not yet exactly known. To capture 

this effect phenomenologically, we model the Mn–O hopping parameters as functions of magnetization, whereas 

magnetization itself depends on temperature. We proceed with calculating the optical conductivity following the 
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previously developed method [14]. However, we reconsider the detailed expression of the nonperturbed part of the 

Hamiltonian as well as the functional forms of the Mn–O hopping parameters as functions of magnetization. Within this 

improved model, the calculations indicate MIT in the dc limit, while preserving the temperature-dependent profile of the 

optical conductivity in the low- and high-energy regimes, consistent with the experimental data. We acknowledge that 

the results do not agree well with the experimental data in the mid-energy regime. We address this in the discussion. 

 

2. Model and Method 
 

As in the previous study [14], we define the basis set as consisting of Mn and O atomic orbitals only, which we order as 

follows: |Mn 𝑒𝑔 𝑥2−𝑦2,↑⟩, |Mn 𝑒𝑔 3𝑧2−𝑟2,↑⟩, |O1 𝑝,↑ ⟩,  |O2 𝑝,↑ ⟩, |O3 𝑝,↑ ⟩, |Mn 𝑒𝑔 𝑥2−𝑦2,↓⟩, |Mn 𝑒𝑔 3𝑧2−𝑟2,↓⟩, |O1 𝑝,↓ ⟩,  |O2 𝑝,↓ ⟩, 

and |O3 𝑝,↓ ⟩. We argue that these are the minimum number of basis orbitals that are strongly correlated, such that they 

determine the temperature dependence of the optical conductivity of the system. Here, the La band is ignored on the basis 

of the assumption that it does not notably contribute to the electron dynamics in the energy region of interest. To span the 

wide energy spectrum without including all the atomic or Wanier orbitals of La atoms, we then adjust the Mn–O hopping 

parameters in the model accordingly. We argue that in doing so, we include the effective Mn–O hopping parameters that 

incorporate the effect of the La orbitals. The effect of Ca doping is only considered as adding extra holes to the system. 

As a further simplification, we assume that only two 𝑒𝑔 orbitals of Mn play a role in the dynamics of the system, leaving 

the 𝑡2𝑔 electrons “frozen” in the high-spin configuration.   

 

Using the aforementioned basis set, the Hamiltonian can be expressed as follows: 

 

𝐻 =
1

𝑁
∑ 𝜁𝒌

†[𝐻0(𝒌)]𝜁𝒌

𝒌

+ ∑ 𝑈𝑛𝑎𝑖𝜎
𝑛𝑏𝑖𝜎′

𝑖,𝜎,𝜎′

+ ∑𝑈𝑎𝑛𝑎𝑖↑
𝑛𝑎𝑖↓

𝑖

+ ∑𝑈𝑏𝑛𝑏𝑖↑
𝑛𝑏𝑖↓

𝑖

− ∑𝐽𝐻𝑺𝑖 . 𝒔𝑖

𝑖

                 (1) 

 

where 𝜁𝒌
†
 (𝜁𝒌) is a row (column) vector for which the elements are the creation (annihilation) operators associated with 

the basis states;  𝑈 and 𝑈𝑎(𝑏) are the Hubbard–Coulomb interactions for inter- and intra-orbitals, respectively, with |𝑎⟩ 

and |𝑏⟩ being associated with |Mn 𝑒𝑔 𝑥2−𝑦2⟩ and |Mn 𝑒𝑔 3𝑧2−𝑟2⟩; and 𝐽𝐻 is Hund’s coupling between the collective spin 

𝑺𝑖 at the 𝑡2𝑔 electrons and itinerant spin 𝒔𝑖 of an 𝑒𝑔 electron at site 𝑖. Summation over index i spans all Mn sites in the 

system. 

 

The first term of Eq. (1) is the kinetic or nonperturbed part constructed using the tight-binding method. In the developed 

model, the Mn ion is surrounded by six O ions as the nearest neighbors. According to the order of the basis states defined 

previously, applying the tight-binding approximation gives us a 10 × 10 matrix of the kinetic Hamiltonian as follows: 

 

[𝐻0(𝒌)] = [
𝐻0(𝒌)↑ 𝟎

𝟎 𝐻0(𝒌)↓
]                                                                           (2) 

 

where 0 is a 5 × 5 zero matrix, and 

 

𝐻0(𝒌)↑(↓) =

[
 
 
 
 
 
 
 
 
 
 𝐸𝐽𝑇 0 −2𝑡𝑎 cos

𝑘𝑥𝑐

2
−2𝑡𝑎 cos

𝑘𝑦𝑐

2
−2𝑡𝑎 cos

𝑘𝑧𝑐

2

0 −𝐸𝐽𝑇 −2𝑡𝑏 cos
𝑘𝑥𝑐

2
−2𝑡𝑏 cos

𝑘𝑦𝑐

2
−2𝑡𝑏 cos

𝑘𝑧𝑐

2

−2𝑡𝑎 cos
𝑘𝑥𝑐

2

−2𝑡𝑎 cos
𝑘𝑦𝑐

2

−2𝑡𝑎 cos
𝑘𝑧𝑐

2

−2𝑡𝑏 cos
𝑘𝑥𝑐

2

−2𝑡𝑏 cos
𝑘𝑦𝑐

2

−2𝑡𝑏 cos
𝑘𝑧𝑐

2

𝐸𝑝 −4𝑡𝑜 cos
𝑘𝑥𝑐

√2
cos

𝑘𝑦𝑐

√2
−4𝑡𝑜 cos

𝑘𝑥𝑐

√2
cos

𝑘𝑧𝑐

√2

−4𝑡𝑜 cos
𝑘𝑥𝑐

√2
cos

𝑘𝑦𝑐

√2
𝐸𝑝 −4𝑡𝑜 cos

𝑘𝑥𝑐

√2
cos

𝑘𝑧𝑐

√2

−4𝑡𝑜 cos
𝑘𝑥𝑐

√2
cos

𝑘𝑧𝑐

√2
−4𝑡𝑜 cos

𝑘𝑥𝑐

√2
cos

𝑘𝑧𝑐

√2
𝐸𝑝 ]

 
 
 
 
 
 
 
 
 
 

 

 (3) 

where 𝑐 and ℏ are the lattice constant (assuming a cubic lattice), ±𝐸𝐽𝑇  are the static JT-split 𝑒𝑔 on-site energies, 𝐸𝑝 is the 

on-site energy of the oxygen p orbitals, 𝑡𝑎(𝑡𝑏) is the hopping parameter connecting Mn |𝑎⟩ (|𝑏) to the O states, and 𝑡𝑜 is 

the hopping parameter between two O states. The rest of the terms in Eq. (1) are grouped into the interaction part that will 

be self-consistently treated in the self-energy matrix. 
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We solve the Hamiltonian in Eq. (1) using self-consistent DMFT [15, 16]. We do not discuss the detailed self-consistent 

procedure of DMFT implementation for this system, as presented in Ref. [14]. As in the previous study, our main goal is 

to calculate the temperature-dependent optical conductivity: 

 

𝜎𝛼𝛽(𝜔) =
𝜋𝑒2

ℏ𝑐
∫𝑑𝜈 (

𝑓(𝜈, 𝜇, 𝑇) − 𝑓(𝜈 + 𝜔, 𝜇, 𝑇)

𝜔
)

1

𝑁
∑ 𝑇𝑟

𝒌
[𝑣𝛼(𝒌)][𝐴(𝒌, 𝜈)][𝑣𝛽(𝒌)][𝐴(𝒌, 𝜈 + 𝜔)]            (4) 

 

where [𝜐λ(k)] = ∂[H0(k)]/∂kλ is the velocity matrix; [𝐴(𝒌, 𝜈)] =
[𝐺(𝒌,𝜈 + 𝑖0+)] − [𝐺(𝒌,𝜈 − 𝑖0+)]

2𝜋𝑖
 is the spectral function matrix, 

with [𝐺(𝒌, 𝜈 ± 𝑖0+)] being the corresponding retarded and advanced Green function matrices; and 𝑓(𝜈, 𝜇, 𝑇) is the Fermi–

Dirac distribution function, with 𝑇 being the temperature and 𝜇 being the chemical potential. We are only interested in 

the longitudinal conductivity 𝜎𝛼𝛼(𝜔) = 𝜎(𝜔) which is isotropic in this model. 

 

In the present study, our attempt to reproduce the detailed temperature-dependent profile of the optical conductivity, 

compared to the experimental data, leads us to propose the dependence of the Mn–O hopping parameters ta and tb as 

follows: 

 

𝑡𝑎(𝑏) = 𝑡𝑎(𝑏)
(0)

+ 𝑡𝑎(𝑏)
(1)

𝑀 + 𝑡𝑎(𝑏)
(2)

𝑀2                                                                     (5) 

 

where M is the normalized magnetization, assumed to follow a mean-field trend given by 𝑀 =  (1 −  𝑇/𝑇𝑐)
𝛾 below 𝑇𝑐 

and 𝑀 =  0 otherwise, with 𝛾 =  0.5. The values of coefficients 𝑡𝑎(𝑏)
(0)

,  𝑡𝑎(𝑏)
(1)

, and 𝑡𝑎(𝑏)
(2)

 are to be determined by the best 

fit of 𝜎(𝜔) to the experimental data. In Ref. [14], we also proposed the temperature dependence of the two Mn–O hopping 

parameters in a similar manner. However, in this study, we reconsider the detailed dependence of those parameters on 

magnetization to capture the MIT in the dc limit. 
 

3. Results and Discussion 
 

As in the previous study [14], we use the following parameter values for the calculation: 𝑐 =  3.3945 Å, 𝐸𝐽𝑇  =  0.5 eV, 

𝐸𝑝  =  6.5 eV, 𝑡𝑜  =  0.6 eV, 𝑈 =  10 eV, and 𝐽𝐻  =  1.5 eV. The optical conductivity σ(ω) calculated at several 

temperatures using Eq. (4) is presented in Fig. 1 and is compared with the experimental data from Ref. [13]. We divide 

the photon-energy region into low- (below 5.5 eV), mid- (5.5–12 eV), and high-energy (above 12 eV) regimes following 

the change in the spectral weight (amplitude of σ(ω)). In the low- and high-energy regimes, including the dc limit, the 

results show that 𝜎(𝜔) decreases as temperature increases, where the temperature-dependent profiles adequately 

reproduce the experimental data. In the mid-energy regime, the experimental data show that 𝜎(𝜔) increases as 

temperature increases, indicating spectral weight transfer from the low- and high-energy regimes to the mid-energy 

regime while conserving the total integrated spectral weight. However, the present results do not accurately capture the 

temperature-dependent profile of 𝜎(𝜔) in the mid-energy regime, suggesting that the conservation of the total integrated 

spectral weight is not quite satisfied. In this respect, we acknowledge that the developed model may still lack more 

important components in the kinetic part of the Hamiltonian to produce more relevant details of the band structure. 

 

Considering the dependence of the two Mn–O hopping parameters on magnetization, as given by Eq. (5), the main finding 

of this study is the disappearance of the Drude structure, indicated by a drop of 𝜎(𝜔) in the dc limit, as temperature 

increases, signifying MIT, as shown in Fig. 1. This is a new finding not observed in the previous study. As shown in Fig. 

1, the present model qualitatively captures the trend of the temperature dependence of σ(ω) in the low- and high-energy 

regimes as temperature changes across and below Tc. 

 

To analyze these results, roughly speaking, there are two contributions to 𝜎(𝜔) in Eq. (4): 1) the spectral functions 

[𝐴(𝒌, 𝜈)] and [𝐴(𝒌, 𝜈 + 𝜔)] and 2) the velocity matrices, the latter of which contain elements proportional to the hopping 

integrals (Eq. (3)). We then argue that the two Mn–O hopping parameters (𝑡𝑎 and 𝑡𝑏) must be temperature-dependent in 

some way. Furthermore, as we attempt to tune the ta and tb values to cause the spectral weight of 𝜎(𝜔) to increase or 

decrease in the mid- and high-energy regimes, we find that proper simultaneous tuning of 𝑡𝑎 and 𝑡𝑏 (as stated in Eq. (5)) 

automatically controls the Drude structure in the low-energy regime. To best reproduce the temperature-dependent profile 

of the calculated optical conductivity compared to that of the experimental data, we find that the coefficients in Eq. (5) 

satisfy the following values: 𝑡𝑎
(0)

= 0.958 eV,  𝑡𝑎
(1)

= 0 eV,  𝑡𝑎
(2)

= 0.112 eV,  𝑡𝑏
(0)

= 0.280 eV,  𝑡𝑏
(1)

= 0 eV, and 𝑡𝑏
(2)

=

2.080 eV. The best fit requires 𝑡𝑎
(1)

 and 𝑡𝑏
(1)

 to be zero, indicating that the hopping parameters depend on magnetization 



 Title of Paper (10 pt, Time new roman, max. 50 character) 

Makara J. Sci.  Month 201x | Vol. xxx | No. xxx 

5 

as an even function, consistent with the cosine function expansion of the angle between neighboring Mn spins, as 

suggested by Anderson and Hasegawa [9]. 

 

To analyze the behavior of σ(ω) in the low-energy regime, including the MIT captured in the dc limit, we display the 

density of states (DOS) plots in Figs. 2 and 3. As shown in Fig. 2, at high temperatures, the chemical potential, 𝜇, lies in 

the 𝑒𝑔
𝑏 band. Thus, we conclude that this 𝑒𝑔

𝑏 band of Mn is responsible for dc conductivity. This is confirmed by the fact 

that the dc conductivity value is sensitive to the change in 𝑡𝑏. Even at high temperatures where the dc conductivity value 

considerably drops, the DOS does not exhibit a bandgap near 𝜇. This indicates that the LCMO PM insulator state has a 

small finite conductivity value, as confirmed by resistivity measurement reported in Ref. [17]. Here, the term insulator 

does not necessarily correspond to zero conductivity but indicates relatively high resistivity that tends to further increase 

as temperature decreases. Likewise, the term metal here indicates a decreasing resistivity trend as temperature decreases 

[2]. Figure 3 presents a comparison of the spin-up and spin-down components of the DOS for T = 194 K (above Tc) and 

T = 30 K (below Tc). At 𝑇 > 𝑇𝑐, the PM phase is indicated by the coincidence of the spin-up and down components of 

the DOS. Here, thermal energy suppresses magnetization to optimize the entropy at equilibrium. In the absence of 

magnetization, the hopping parameters 𝑡𝑎 and 𝑡𝑏 take their lowest values. 

 

This situation leads to the lowest value of DOS at 𝜇, which also implies the lowest value of dc conductivity. In contrast, 

at low temperatures (𝑇 < 𝑇𝑐) where the magnetization value is sufficiently large, 𝑡𝑎 and 𝑡𝑏 achieve significantly larger 

values than their minimum values at high temperatures. The larger value of 𝑡𝑏 plays a key role in delocalizing electrons; 

hence, the system adequately forms a metallic phase. Optical conductivity in the low-energy regime arises from intraband 

transition of the lower 𝑒𝑔
𝑏 orbital. The weight of this spectrum mainly depends on the value of 𝑡𝑏, the hopping parameter. 

The signature of Drude peak at low temperatures is related to the significant increase in the DOS value at 𝜇. 

 

We now analyze the optical conductivity in higher photon-energy regimes. To do this, we present the partial or projected 

DOS in Fig. 2 to assign each peak in the total DOS. Oxygen bands are located around −6 eV, accounting for σ(ω) in the 

mid- and high-energy regimes. The manganese 𝑒𝑔
𝑏 bands are split and are located at low energy due to the static JT effect 

and 𝐽𝐻  coupling. In comparison, the 𝑒𝑔
𝑏 bands are located at high energy due to the strong on-site interaction 𝑈. In the 

mid-energy regime, both intraband 𝑒𝑔
𝑏 and interband O–𝑒𝑔

𝑏 contribute to conductivity. These features should result in 

peaks that might have been obscured by spectral broadening. Although the features do not exactly match those in Ref. 

[13], the overall temperature-dependent trends show reasonable agreement. In the high-energy regime, interband 𝑒𝑔
𝑏−𝑒𝑔

𝑎 

and O–𝑒𝑔
𝑎 transitions take place. The increase in 𝜎(𝜔) as temperature decreases across and below 𝑇𝑐 in this energy region 

arises from the inverse proportionality of 𝑡𝑎 with respect to temperature. 

 

We note that the simplified model is not to be quantitatively compared with the experimental results in terms of the FM 

transition temperature and the span of three different energy regimes. The calculated Tc is approximately 160 K, compared 

to the measured 𝑇𝑐  =  260 K. Therefore, in Fig. 1 (inset), we show different sets of temperatures in comparison to the 

experimental values. 

 

Analysis of the DOS across 𝑇𝑐 indicates the PM-to-FM transition (Fig. 3). At low temperatures, the spin-up (red line) and 

spin-down (green line) DOS split, yielding a finite magnetization value. Through a self-consistent scheme, this 

magnetization enhances the hopping parameters and thus increases σ(ω) in the low- and high-energy regimes. In contrast, 

the PM state at high temperatures is evident because the DOS of different spins overlay each other (black and blue lines). 

 

Finally, the calculation results deviate from the experimental data in the detailed profile of σ(ω), such as in the mid-energy 

regime. However, we note that this is understandable as the model neglects many other atomic orbitals that possibly 

contribute to forming the actual band structure of the material in the relevant energy range. Nevertheless, we claim that 

the developed minimum model successfully captures the essential physics governing the MIT and the wide-energy-range 

spectral weight transfer phenomenon in La0.7Ca0.3MnO3. 
 

4. Conclusions 
 

We formulated an effective model for La0.7Ca0.3MnO3 to address the temperature-dependent optical conductivity over a 

wide photon- energy range (0–22 eV), along with the MIT at the dc limit. We solve the developed model within DMFT. 

We propose that the unknown microscopic process of competition between the JT electron–phonon interaction and the 

FM correlation can be phenomenologically viewed as renormalization of the Mn–O hopping parameters as a function of 

magnetization. The dependence of the Mn–O hopping parameters on magnetization plays an important role in the MIT 
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across the FM Tc and affects spectral weight transfer between different photon-energy regimes. The reasonable agreement 

of the calculated temperature-dependent optical conductivity with the experimental data underscores the importance of 

interplay among the JT electron–phonon interaction, DE mechanism, and Coulomb–Hubbard electron–electron 

interactions in giving rise to the unique temperature-dependent transport and optical response of manganite. 
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Figure 1: Dynamic optical conductivity σ from Eq. (4) as a function of photon energy at several temperatures. [Inset] 

Measured optical conductivity from Ref. [13] for comparison. Note that the calculated 𝑇𝑐 of 160 K is smaller than the 

experimental 𝑇𝑐 of 260 K. Therefore, we show different sets of temperatures across 𝑇𝑐. Dashed lines indicate the division 

of low-, mid-, and high-energy regimes. 
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Figure 2: Density of states (DOS) of the La0.7Ca0.3MnO3 model for T =194 K (above the model Tc). Red, blue, and green 

lines are the projected DOS of oxygen, 𝑒𝑔
𝑎, and  𝑒𝑔

𝑏 bands, respectively. Vertical dashed lines indicate the position of 

chemical potential 𝜇. 

 

 

 
 

Figure 3: Spin-dependent DOS for two different temperatures. Above 𝑇𝑐, spin-up (black line) and spin-down (blue line) 

DOS do not split. Below 𝑇𝑐, spin-up (red line) and spin-down (green line) DOS split. 

 

 


