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Development and application of ab initio methods to calculate superconducting transi
tion temperature
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We developed methods to calculate superconducting transition temperatures from fir
st principles. As for the approach combining density functional theory and many-body methods, we formulate
d schemes taking account of the spin-orbit coupling and the electron-phonon coupling. For superconducting
density functional theory, we developed a scheme for the plasmon mechanism. We applied these methods to i1r
on-based superconductors, layered nitrides, heavy fermion systems, carbon-based superconductors, and eleme
ntal lithium under high pressures.



2006
LaFePO K
La As Nd

50K
downfolding)
Hubbard
(

(ab initio

Hubbard

cos(PHASE)

spin

5d

BERGBEED
F—FEHEOER

{ETRILEF—A '
EFLHELOME

@IJ*J‘LEE%IEE I2&%
—REFE

unconventional

B inEE AR
~DER

e b | (Comp.
0. | By e ) Phys.  Commun.
o R)r | 181 1888
el |49 T ooy
{e o) |
e 4 I| [ . :’ e
e
% 9
o
) o) >
¢ ) Sr,1r0,
up
down spin



Sr,Ir0, Ba,lr0, 0.1eV

Sr,1r0, Ty J=3/2
J=1/2 Ir 5
5d
J=1/2 half-filling
Sr,IrQ,
La,Cu0, Cs
J=1/2
analog
Ty Hubbard U
5d
downfolding 1000K
Sr,IrQ,
instability 2000
CeCu,St,
CeCu,St,
d
S

2005

MgB,



MgB,

Migdal Eliashberg

1000K

Migdal Eliashberg

ImK
GPa
20K

BT HEFIEE ) FOLEAT)

N

"iJ 150 (Panang o g°

iy %%Ji?ﬁ?:%%?@ﬂf& 08 ®a SEE

et BLIBEDTH a

B o  go7 omH

£5 £ G

B | ao-er B RFIEHDH

k] i - ERLIBEOFH
0 15 20 25 30

FES1EH 78 AIIV)

Y. Nomura, K. Nakamura and R. Arita,
Effect of electron-phonon interaction on
orbital fluctuations in iron-based

superconductors, Phys. Rev. Lett. 112
027002-1~5 (2014)
http://dx.doi.org/10.1103/PhysRevLett.1
12.027002

R. Akashi and R. Arita, Nonempirical
study of superconductivity in
alkali-doped fullerides based on density
functional theory for superconductors,
Phys. Rev. B, 88 054510-1~5 (2013)

http://dx.doi.org/10.1103/PhysRevB.88.0
54510

R. Akashi and R. Arita Development of
density functional theory for
plasmon-assisted superconducting state:
Application to Lithium under high
pressures, Phys. Rev. Lett., 112
057006-1~6  (2013).
http://dx.doi.org/10.1103/PhysRevLett.1
11.057006

R. Akashi and R. Arita, Density
functional theory for superconductors
with particle-hole asymmetric electronic
structure, Phys. Rev. B 88 014514-1=5
(2013),
http://dx.doi.org/10.1103/PhysRevB.88.0
14514

K. Nishiguchi, K. Kuroki, R. Arita, T.
Oka and H. Aoki, Superconductivity
assisted by interlayer pair hopping in
multilayered cuprates, Phys. Rev. B 88
014509-1~5 (2013),
http://dx.doi.org/10.1103/PhysRevB.88.0
14509

Hideyuki Miyahara, Ryotaro Arita and
Hiroaki lkeda, Phys. Rev. B 87 045113-1~10,
DOI: 10.1103/PhysRevB.87.045113

A. Toschi, R. Arita, P. Hansmann, G.
Sangiovanni, and K. Held, Quantum
dynamical screening of the local magnetic
moment in Fe-based superconductors, Phys.
Rev. B, 86 064411-1~9 (2012),

DOI: 10.1103/PhysRevB.86.064411

Yusuke Nomura, Merzuk Kaltak, Kazuma
Nakamura, Ciro Taranto, Shiro Sakai,
Alessandro Toschi, Ryotaro Arita, Karsten
Held, Georg Kresse, and Masatoshi Imada.
Phys. Rev. B 86 085117-1~8 (2012),

DOI: 10.1103/PhysRevB.86.085117

Ryosuke Akashi, Kazuma Nakamura,
Ryotaro Arita and Masatoshi Imada, Phys.
Rev. B 86 054513-1~16 (2012),




DOI: 10.1103/PhysRevB.86.054513
9

R. Arita First-principles study of the
Mott transition and superconductivity in
A;Cq, RIKEN-APW joint workshop "Highlights
in condensed matter physics™, 2014 01

22 2014 01 24 , Wako, Saitama,
RIKEN

R. Arita, Superconducting density
functional theory for doped band
insulators, FIRST-QS2C workshop on
emergent  phenomena  of  correlated
materials 2013 11 13 2013 11
16 , Tokyo, Shinagawa Intercity Hall

R. Arita, Development of density
functional theory for unconventional
superconductors, Digital Design of
Materials, 2013 09 27 2013 09

29 , Boston, USA

R. Arita, Effect of electron-phonon
interactions on orbital fluctuations in
iron-based superconductors, Recent
developments in Fe-based high-temperature
superconductors, 2013 09 03 2013

09 06 , New York, USA

R. Arita, Deveopment of density
functional theory for plasmon assisted
superconductivity, The international
conference on strongly correlated
electron systems, 2013 08 05 2013

08 09 , Tokyo, Univ. Tokyo

R. Arita, Density functional theory
for plasmon-assisted superconductors,
QSs2C  Theory  Forum: International
Symposium on Strongly Correlated Quantum
Science, 2013 01 26 2013 01
29 , Tokyo, Univ. Tokyo

R. Arita, SCDFT study of high Tc nitride
superconductors, 25th International
Symposium on Superconductivity, 2012
12 03 2012 12 05 , Tokyo,
Funabori Tower Hall

R. Arita, Density functional theory for
superconductors and its application to
layered nitride superconductors,
Innovations in strongly correlated
electronic systems: School and Workshop,
2012 08 06 2012 08 17 , Italy,
Trieste

R. Arita, LDA+DMFT study on the
interplay between spin-orbit interaction
and Coulomb correlation in Sr,IrQ, and

Ba,Ir0,, International  workshop on
Dynamical  Mean-Field Approach  for
Strongly Correlated Materials, 2012 09

25 2012 09 28
Dresden

@
Ryotaro ARITA

80332592

@
Kazuma NAKAMURA

60525236
(Hiroaki [IKEDA)
90311737
(Takashi Koretsune)
90391953

®

, Germany,



