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Development of first-principlesEliashberg code and application to real materials
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We developed a program that numerically solves the Macmillan equation for
the purpose of evaluating the superconducting transition temperature of superconducting materials
from Ffirst principles. Using this code, we calculated the transition temperature for several real
materials. Also, in collaboration with experimental groups, we investigated representative materials

such as Al, Nb, cupurate, and NdNiO2. The phonon-calculation program developed in the program
development was also used to study the phonon properties of spin-orbit interaction system Ca5lr3012
and other iridium oxides. Our developed program was released as an open-software RESPACK at 2017.



BCS

2008
BCS
GW )
)
XTAPP
RESPACK
)
6
Al, Nb
1
[(a) Al, (b) Nb]
1 2 Al Nb
w Iog
A M)
Tc
1: Al
Al W 1og(K) A [V Tc (K)
ours 248 0.46 0.10 2.0
[1] 308 0.42 0.11 14
[2] 270 0.44 0.12 1.2
Expt. 0.42[3] 1.2[4]

Phonopy

1988

BCS
Al
B
51
=
E:
iy X K
N
]I N //
2l i
g4 = é
i
H

1: XTAPP-Phonopy
[(@) Al, (b) Nb].



2: Nb

Nb W 10g(K) A p* Tc (K) o I, e
ours 199 1.36 0.14 18.2 HgO block P .. o
[1] 164 1.31 0.13 14.5 : -o ? o Hg
[2] 185 1.26 0.21 10.5 ‘ S
Expt - 1.22[3] - 9.3[4] AT+ O
N - I
[1] R. Akashi, K. Nakamura, R. Arita, M.Imada, Phys. Rev. ~ CuO, block | “=e -,‘.z o @ Ba
B 86, 054513 (2012). i3 3 - o C
[2] S. Y. Savrasov, D. Y. Savrasov, Phys. Rev. B 54, 16487 o e o "
(1996). o | ‘
[3] E. L. Wolf, in Principles of Electronic Tunneling Spec- I s 0 ® Ca
troscopy (Oxford University Press, New York, 1985). HgO block o % o
[4] N. W. Ashcroft and N. D. Mermin, Solid State Physics o Y

(Thomson Learning, Singapore, 1976).

’ (a) B3k
Tc E i
HgBa2Ca2Cu3014 (Hg-1223) £,
2 % 0
Hg-1223 2 [ mbe c mER
RESPACK § 4
Hg-1223 EE
m
CUOZ -1 0.5 Enc:gy (cvl)r.i 1-1 -0.5 Enc([l'gy (evl)l.i 1
Hg
5 Hg-1223 2: () Hg-1223 ()
(DOs) ) (b)
(@ (b) © © © @ ab
c () ab 4 . :total DOS :Cu0O2 DOS :HgO
CuO?2 DOS.
HgO
HgO
(@ (b (© () ]
H gO body centered cubic (bcc) body centered tetragonal (bct)
0.1 -
0.05 HgO | VY a deformation 5 .[C'
Cu02
Hg-1223 HgO =
Cu02 ?
1 1 >:2A5
Tc % 2
Nb  Tc S .
Nb (High Bos
Pressure Torsion; HPT
Nb 0—2 -I‘.S -1 -():5 0 0.5 1 1.5 2
TC (92 K) ENERGY (eV)
Nb HPT 3:Nb  HPT
Tc ( YHPT + bcc bct
Tc () oo
HPT 2

GPa Tc 9.9K



HPT HPT bcc
bct ( 38 )
(3 )
Tc
NdNiO2
NdNiO2
XTAPP+RESPACK Hubbard
Ni-3dx2-y2
(1) 2 Uit~8
©) - Tc10K
(4) Nd
NdNiO2
Physical Review B Editor suggestion
Cablr3012
Ca51r3012 H
RESPACK
4  XTAPP+Phonopy Cablr3012
€) 1x1x3
(b) 2x1x1
2x2x1 B s = =
2 200 ft‘::‘_ - 7‘4‘?
Raman X & 100 aN \
™
-100 K KJ
= M T A H K T
4.
XTPAA-Phonopy
CabIr3012 . (a) 1x1x3
RESPACK . (b) 2x2x1
5
RESPACK
2010 qf
RESPACK ;I
2017 10 1 RESPACK
2020 3 1750 First-principles many-body
2018 perturbation calculation
(9]
5: RESPACK
RESPACK
2018 23
[5] RESPACK H® /mVMC

(2018)



10 10 0 2

M. Mito, Y. Kitamura, T. Tajiri, K. Nakamura, R. Shiraishi, K. Ogata, H. Deguchi, T. Yamaguchi, 125
N. Takeshita, T. Nishizaki, K. Edalati, Z. Horita
Hydrostatic pressure effects on superconducting transition of nanostructured niobium highly 2019

strained by high-pressure torsion

Journal of Applied Physics

125901/1-13

DOl
10.1063/1.5083094

Mito Masaki, Ogata Kazuma, Goto Hiroki, Tsuruta Kazuki, Nakamura Kazuma, Deguchi Hiroyuki, 95
Horide Tomoya, Matsumoto Kaname, Tajiri Takayuki, Hara Hiroshi, Ozaki Toshinori, Takeya

Hiroyuki, Takano Yoshihiko

Uniaxial strain effects on the superconducting transition in Re-doped Hg-1223 cuprate 2017

superconductors

Physical Review B

064503/1-10

DOl
https://doi.org/10.1103/PhysRevB.95.064503

Matsuhira Kazuyuki Nakamura Kazuma Yasukuni Yuki Yoshimoto Yoshihide Hirai Daigorou Hiroi 87
Zenji
Nonlinear Conductivity of Geometrically Frustrated Iridate Ca51r3012 2018

Journal of the Physical Society of Japan

013703 013703

DOl
10.7566/JPSJ.87.013703

M. Mito, H. Matsui, K. Tsuruta, T. Yamaguchi, K. Nakamura, H. Deguchi, N. Shirakawa, H. Adachi, 5

T. Yamasaki, H. Iwaoka, Y. lkoma, and Z. Horita

Large enhancement of superconducting transition temperature in single-element superconducting 2016
rhenium by shear strain

Scientific Reports 36337

DOl
10.1038/srep36337




Yusuke Nomura, Motoaki Hirayama, Terumasa Tadano, Yoshihide Yoshimoto, Kazuma Nakamura, and 100
Ryotaro Arita
Formation of a two-dimensional single-component correlated electron system and band engineering 2019

in the nickelate superconductor NdNi02

PHYSICAL REVIEW B

205138(1-11)

DOl
10.1103/PhysRevB.100.205138

Masaki Mito, Takayuki Tajiri, Seiya Saisho, Hiroyuki Deguchi, Atsushi Kohno, Kazuma Nakamura

489

Anisotropic compression effects on nanocrystalline crystals of nickel oxide

2019

Journal of Magnetism and Magnetic Materials

165407(1-7)

DOl
https://doi.org/10.1016/j . jmmm.2019.165407

Hiroki Hanate, Takumi Hasegawa, Satoshi Tsutsui, Kazuma Nakamura, Yoshihide Yoshimoto, Naohiro 89
Kishigami, Sho Haneta, and Kazuyuki Matsuhira
Study of Phonon Dispersion of Iridium Oxide Ca51r3012 with Strong Spin-Orbit Interaction 2020

Journal of the Physical Society of Japan

053601(1-5)

DOl
https://doi.org/10.7566/JPSJ.89.053601

Hiroki Hanate, Kazuma Nakamura, Kazuyuki Matsuhira

498

Harmonic voltage response to AC current in the nonlinear conductivity of iridium oxide
Ca51r3012

2020

Journal of Magnetism and Magnetic Materials

166203(1-4)

DOl
https://doi.org/10.1016/j . jmmm.2019.166203




Takumi Hasegawa, Wataru Yoshida,

Kazuma Nakamura, Norio Ogita, and Kazuyuki Matsuhira

89

Raman Scattering Investigation of Structural Transition in Ca51r3012

2020

Journal of the Physical Society of Japan

054602(1-11)

https://doi.org/10.7566/JPSJ.89.054602

29

2019

262-271

https://doi.org/10.4131/jshpreview.29.262

10 8
CCMS : RESPACK
TIA® "
2019
RESPACK
CCMS

2019




74 (2019 )

2019

CCMS :  RESPACK

TIA® "

2017

Kazuma NAKAMURA

Search for new material structure using USPEX

7th Annual World Congress of Nano Science & Technology-2017

2017

53

2016




(X)TAPP post-TAPP

2016

Kazuma Nakamura

RESPACK: Ab initio software for many-body perturbation calculation and effective-model derivation

International Conference on Frontiers of Correlated Electron Sciences

2019
Ca51r3012
J-Physics: J-Physics - -
2019
RESPACK
" CCMS "

2019




RESPACK: ab initio many body perturbation theory
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