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1. Dirac fermion in graphene
2. Dirac fermion in a-(BEDT-TTF)2ls

3. Dirac fermion in iron-based superconductors
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[ 2. Dirac fermion in a-(BEDT-TTF)zl3 |
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3. Dirac fermion in iron-based
superconductors
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5-band tight-binding model
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JPSJ Online—News and Comments [May 12, 2008]
High-Temperature Superconductivity in Another Beautiful Crystal Structure

by Hidetoshi Fukuyama (Faculty of Science and Research Institute of Science and Technology, Tokyo University of
Science)

Published May 12, 2008

When closely examined, the band dispersion near the Fermi energy, as observed in Fig. 2 (taken from Fig. 7 of Ishibashi
et al. [5]), indicates the very intriguing feature that the system is semimetallic and the crossing of energy bands occurs in
the energy region very close to the Fermi energy; the latter appears to be similar to that in molecular solids, aET2lI3
[9,10], and shows strong enhancement of mobility toward low temperatures, as observed in ref. 7. The fact that the
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ARPES: BaFe2As:2 P. Richard et al., Phys. Rev. Lett. 104, 137001 (2010).
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5-band model + SDW mean field theory
Y. Ran et al., PRB 79, 014505 (2009).
E. Kaneshita, TM, and T. Tohyama, PRL 103, 247202 (2009).
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Contact pointEA D TEH A. Kobayashi et al., JPSJ 76, 034711 (2007).

oH oH
Hk:Hko+5k:Hk0+a_kx5kx+a_ky5ky
( kax v k \
H =vk + "7+ E
¥ vk —vk ‘
. 77 )

V. /a=0.672eV
E —E,.=20meV v, /a=0.229¢V
v, /a=0.286eV




Diract

SN bhndy X Y. Ran et al., PRB 79, 014505 (2009).
0 0 0
Fe
@ @
@ @




\

EEDhopping

' 4

7

N
[ [
/ \‘ﬁ d‘YZLQ N dy

N " S

H=S( d6) a0 )m){ P J

K(k)[ 2t, cos(kx+ky)+2t; cos(kx—ky) 2t1(coskx—cosky) }

2t, (COS k_—cos ky) 2t, cos(kx + ky)+ 2t) cos(k)C — ky)




Chirality

sink, sink,

cosk, —cosk,
—sink, sink,

Graphene bilayer

sink, sink,
cosk, —cosk,

2
k

a, +b

b, = cosk, —cosk,

a
E, g
k

E =

a, +
b

M A\ / At

“\
AW
/M/// \

LIIIIA’A/A/A/A///

AL

\\\\V\\V o

117 wwwuufﬁm%%
K 17\ z /]
K\\\ ?(5&\\7

=\ w,g ) \RWH
EEE N, NN g\ LM MM m i

\ /////fT
//WW W\ J J//M///T

ﬁ N y /%M//H
7 7% x\m&\\«j/(
/ 7%%61\\\\\: J

e e e T T, \

//V/V/V/V/v

\
N

S

~—

0 o

) 5.
o e o

2
k

AN
N
I_I

a;

A e

S

bk
a; +b

Il
—~
+,
=
7~ N\
— O

Il
—~
+,
=
7~
—
_

-

) O

(k. +|

+’
=
~—
I I
nZ

nx

0.5

-0.5




Aky

0.1 r

0.05

-0.05

-0.1 ¢

[ ERIEGEIARE T Dchirality

b5-band model + SDW mean field theory

E [eV]

11

10.9

0.1

Aky

0.1 r

0.05

-0.05

-0.1

=

RN AN

=
-

Aky

‘\\ 27N

0.1

0.05

-0.1

0.1




SSBR 7

M. Matusiak et al.,, PRB 81, 020510(R) (2010)
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Appendix




Linear dispersion in graphene
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Derivation of Dirac Hamiltonian in graphene
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Dirac point
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