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1   Introduction 

IrTe2 consists of Ir triangular lattice layers and exhibits 

a unique charge orbital order below 275 K [1,2]. With Pt 

substation for Ir, the charge-orbital order collapses and an 

exotic superconducting state is induced [3]. The 

interesting interplay between the charge-orbital order and 

the superconductivity has been attracting great interest. In 

addition, the large spin-orbit interaction in the Ir 5d and 

Te 5p orbitals is expected to provide a “topological” 

nature to the multi-band electronic states. In this context, 

it is highly interesting and important to study the multi-

band electronic structure of Ir1-xPtxTe2 by means of angle-
resolved photoemission spectroscopy (ARPES).  

In this research, we focus on Ir1-xPtxTe2 and related  

transition-metal chalcogenides or pnictides including 

Ca10(Ir4As8)(Fe2−xIrxAs2)5 which consists of metallic Ir-As 

layer and superconducting Fe-As layer [4].  

 

2   Experiment 

The ARPES measurements were performed at beam 

line 28A of Photon Factory, KEK using a SCIENTA SES-

2002 electron analyzer with circularly polarized light. The 

total energy resolution was set to 20-30 meV for the 

excitation energies from h = 40 to 80 eV. The base 
pressure of the spectrometer was in the 10-9 Pa range. The 
single crystal samples of Ir1-xPtxTe2 (x=0.05) and 

Ca10(Ir4As8)(Fe2−xIrxAs2)5 were cleaved in situ at 20 K 

and 40 K, respectively, in order to obtain clean and flat 

surfaces. The cleavage surface is parallel to the IrTe2 

triangular lattice layers for Ir1-xPtxTe2 and to the Ir-As and 

Fe-As layers for Ca10(Ir4As8)(Fe2−xIrxAs2)5. 

 

3   Results and Discussion 

Figure 1 shows the second derivative plots of the 

ARPES data as functions of the in-plane momentum kx, 

which is perpendicular to the nearest neighbor Ir-Ir bond 

direction of the Ir triangular lattice. The band dispersions 

measured at h = 76 eV (54 eV) approximately 

correspond to those along the -K (A-H) of the three 

dimensional Brillouin zone. As shown in Fig. 1(a), a hole 

band crosses the Fermi level forming a large hole-like 

Fermi pocket around the  point. In going from the  

point to the A point, the hole band gets flat and the hole-

like Fermi pocket is divided into several pieces. This 

result indicate that the Fermi surface geometry strongly 

depends on the electron momentum kz, which is 

perpendicular to the Ir triangular lattice plane, although 

Ir1-xPtxTe2 has the two-dimensional crystal structure [5]. 
The three-dimensional Fermi surfaces of Ir1-xPtxTe2 are 

derived from the Te 5p-Te 5p hybridization between the 

neighboring IrTe2 triangular lattice layers which is 

consistent with the prediction of the ab-initio calculation 

[1]. The comparison between the ARPES result and the 

ab-initio calculation shows that the multi-band structure 

of Ir1-xPtxTe2 is well reproduced by the LDA calculation 

without band renormalization if the spin-orbit interactions 

of the Ir 5d and Te 5p orbitals are taken into account. The 

present work reveals that the importance of the Te 5p 

orbitals and their spin-orbit interaction for the exotic 

superconductivity in Ir1-xPtxTe2.  

 

 
Fig. 1: The multiband dispersions of Ir1-xPtxTe2(x=0.05) 

as functions of kx perpendicular to the Ir-Ir bond of the Ir 

triangular lattice, which are taken at (a) h = 76 eV, (b) 70 
eV, (c) 61 eV, (d) 54 eV [5]. The bright belts correspond 

to the band dispersions. 
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In addition to the three-dimensional Femi surfaces and 

band dispersions of Ir1-xPtxTe2(x=0.05),  we have studied 

the electronic structure of Ca10(Ir4As8)(Fe2−xIrxAs2)5, 

which has the metallic Ir-As layer in addition to the 

superconducting Fe-As layer. Figure 2 shows the Fermi 

surfaces of Ca10(Ir4As8)(Fe2−xIrxAs2)5 measured at h = 41 
eV (45 eV) approximately correspond to those around the 

 (Z) point of the three-dimensional Brillouin zone. The 
intersection between the three-dimensional Brillouin zone 

and the kx-ky plane is indicate by the dashed lines which 

is determined by the periodicity of the Ir-As plane. On the 

other hand, the two-dimensional Brillouin zone for the 

Fe-As layer is indicated by the square. The hole-like 

Fermi pocket is observed at the center of the square and 
the electron-like Fermi pockets are seen around the 

corners of the square, as commonly observed in most of 

the Fe-based superconductors. The observed Fermi 

pockets can be assigned to the Fe-As plane and are 

responsible for the superconductivity. In addition, the size 

of the electron pocket is much larger than that of the hole 

pocket, indicating that the Fe-As layer is heavily electron-

doped. 

The ARPES results on Ca10(Ir4As8)(Fe2−xIrxAs2)5 have 

two unique points. Firstly, the Ir 5d band near the Fermi 

level does not exhibit clear band dispersion or Fermi 
surfaces, and the lack of the momentum dependence 

suggests a glassy nature of the Ir-As plane. The glassy 

nature of the Ir 5d electron would be related to the 

possible orbital freezing in the Ir-As plane. Secondly, the 

Fermi surface geometry does not depend on kz, which is 

perpendicular to the Fe-As or Ir-As planes although the 

metallic Ir-As plane is expected to provide strong 

hybridization between the layers. Most probably, the 

glassy or atomically disordered Ir-As layer suppresses the 

momentum dependent coupling between the Fe-As layers 

and, consequently, the Fe 3d bands can retain the good 

two-dimensionality. These results show that the Bloch 
electrons in the Fe-As layer coexists with the glassy 

electrons in the Ir-As layer in Ca10(Ir4As8)(Fe2−xIrxAs2)5 

[6].  

 

 
Fig. 2: The Fermi surfaces of Ca10(Ir4As8)(Fe2−xIrxAs2)5 as 

functions of in-plane electron momentum kx and ky, 

which are taken at (a) h = 41 eV and (b) 45 eV [6]. The 
dark regions correspond to the Fermi surfaces. 

In summary, by means of ARPES, we have studied the 

electronic structures of the two exotic superconductors 

Ir1-xPtxTe2(x=0.05) and Ca10(Ir4As8)(Fe2−xIrxAs2)5. The Ir 

5d and Te 5p bands in Ir1-xPtxTe2(x=0.05) strongly depend 

on the momentum perpendicular to the IrTe2 triangular 

lattice layer, indicating that the Te5p-Te 5p hybridization 

between the neighboring layers play important roles in 

the multi-band electronic structure and the 

superconductivity. On the other hand, the Fermi surfaces 

of Ca10(Ir4As8)(Fe2−xIrxAs2)5. do not  appreciably depend 

on the momentum perpendicular to the Fe-As or Ir-As 
layers. The ARPES results show that the metallic Ir-As 

layer is characterized by the strong atomic disorder and a 

kind of orbital glass state. 
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