m XL DHNBEDEE

= ({1

Electronic Structure and its Relationship to Superconductivity
in Iron-based and Cuprate High-T, Superconductors Studied
by Angle-resolved Photoemission Spectroscopy
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Why the superconducting (SC) transition temperature (T¢) is so high in the high-T. cuprates
(HTSCs) and the iron-based superconductors (Fe-SCs) is still under hot debate. In order to elucidate
the mechanism of superconductivity, it is crucial to study the electronic structure of the high-T,
superconductors systematically and to elucidate the origins of the microscopic physical properties. In
this thesis, we have studied the electronic structure of both classes of high-T. superconductors,
HTSCs and Fe-SCs, by angle-resolved photoemission spectroscopy (ARPES) in order to investigate
parameters which determine the T, of the high-T. superconductors.

ARPES is one of the most powerful tools to study the electronic structure of strongly
correlated materials [1]. In this thesis, we have investigated the electronic structure of the HTSCs
and the Fe-SCs by ARPES. We have studied the electronic structure of the tri-layer HTSC
Bi,Sr,Ca,Cus019+5 (Bi2223) which has the highest T, among Bi-based HTSCs and the transition
metal-doped BaFe,As, (Bal22). The electronic structure and its relationship to the superconductivity
in the HTSCs and the Fe-SCs are discussed.

In a previous study, we have observed two band dispersions separately corresponding to the
outer and inner CuO, planes of Bi2223 [2]. In Chapter 4, we have performed a temperature
dependent ARPES study of the superconducting (SC) gaps on the Fermi surfaces of these bands. In
the SC state, the outer band shows a simple d-wave SC gap, while the SC gap of the inner band

deviates from the simple d-wave form, so-called “two-gap” behavior [3-5]. We found that in the



normal state, the gap for both bands collapses near the nodal direction, causing a “Fermi arc” [6],
whereas an energy gap remains open around the anti-node. We have deduced a characteristic
parameter from the Fermi arc length and the SC gap, and found that this parameter is directly related
to the T of various HTSCs. In Chapter 5, we have investigated the band renormalization effect,
“kink”, in Bi2223. The band dispersion of the HTSCs shows a kink at the binding energy around - 70
meV due to coupling between the quasi-particles and boson excitations. However, in the case of
Bi2223, the kink energy for the inner band shows an unusually large energy of ~ 100 meV, while that
for the outer band is ~ 70 meV comparable to the other cuprates. We discuss the origin of the large
kink energy for the inner band and a possible candidate for the boson mode.

The newly discovered Fe-SCs have generated great interest, and have opened up a new area
in the field of superconductivity research. For electron-doped Bal22, superconductivity emerges by
electron doping via partial substitution of transition-metal atoms such as Co, Ni, and Cu for Fe. In
Chapters 6 and 7, we have studied the electronic structure of Co, Ni, Cu, and Zn-doped Bal22, and
BaNi,P, by ARPES. The T, of the electron-doped Bal22 decreases in going from Co, Ni, Cu, to Zn.
However, the microscopic effect of doped transition-metal atoms on the electronic structure of the
iron pnictides is still highly controversial [7, 8]. In Chapter 6, in order to see whether the rigid-band
behavior persists for the substitution of the various transition metals, we report an ARPES result on
the Ni-, Cu-, and Zn-doped Bal22, and show the evolution of the electronic structure with the
strength of impurity potential in going from Co-, Ni-, Cu-, to Zn-doped Bal22.

In Chapter 7, we have studied the electronic structure of BaNi,P, which shows the low T, of
2.5 K. Fermi surface shapes are completely different from the other Bal22 compounds with higher
Tcs. We compare the observed Fermi surfaces with the band-structure calculation, and estimate

renormalization factors of the band dispersions to discuss the electron correlation effect in BaNi,P».

[3% 3R]

[1] A. Damascelli, Z. Hussain, z.-X. Shen, Reviews of modern physics, 75, 473 (2003).

[2] S. Ideta, K. Takashima, M. Hashimoto, T. Yoshida, A. Fujimori, H. Anzai, T. Fujita, Y.
Nakashima, A. Ino, M. Arita, H. Namatame, M. Taniguchi, K. Ono, M. Kubota, D. H. Lu, Z.-X. Shen,

K. M. Kojima, and S. Uchida, Physical. Review. Letters. 104, 227001 (2010).



[3] K. Tanaka, W. S. Lee, D. H. Lu, A. Fujimori, T. Fujii, Risdiana, I. Terasaki, D. J. Scalapino, T. P.
Devereaux, Z. Hussain, Z.-X. Shen, Science 314, 1910 (2006).

[4] W. S. Lee, I. M. Vishik, K. Tanaka, D. H. Lu, T. Sasagawa, N. Nagaosa, T. P. Devereaux, Z.
Hussain, and Z.-X. Shen, Nature 450, 81 (2008).

[5] T. Yoshida, M. Hashimoto, S. Ideta, A. Fujimori, K. Tanaka, N. Mannella, Z. Hussain, Z.-X. Shen,
M. Kubota, K. Ono, Seiki Komiya, Yoichi Ando, H. Eisaki, and S. Uchida, Physical. Review. Letters.
103, 037004 (2009)

[6] A. Kanigel, M. R. Norman, M. Randeria, U. Chatterjee, S. Souma, A. Kaminski, H. M. Fretwell,
S. Rosenkranz, M. Shi, T. Sato, T. Takahashi, Z. Z. Li, H. Raffy, K. Kadowaki, D. Hinks, L. Ozyuzer,
and J. C. Campuzano, Nature Physics 2, 447 (2006).

[7] H. Wadati, I. Elfimov, and G. A. Sawatzky, Physical. Review. Letters. 105, 157004 (2010).

[8] Shun Konbu, Kazuma Nakamura, Hiroaki Ikeda, and Ryotaro Arita, arXiv:1108.0585.

[9] K. Terashima, Y. Sekiba, J. H. Bowen, K. Nakayama, T. Kawahara, T. Sato, P. Richard, Y.-M. Xu,
L. J. Lig, G. H. Cao, Z.-A. Xu, H. Ding, and T. Takahashi, Proc. Natl. Acad. Sci. USA 106, 7330
(2009).

[10] K. Nakayama, T. Sato, P. Richard, Y.-M. Xu, Y. Sekiba, S. Souma, G. F. Chen, J. L. Luo, N. L.

Wang, H. Ding, T. Takahashi, Europhys. Lett. 85, 67002 (2009).



