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 Schnyder etal M—H&BIFITEEIR  phys. rev. 8 78, 195125 (2008
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(Wigner-Dyson) AT (orthogonal) +1 0 0 - - -
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Chiral AIII (chiral unitary) 0 0 1 7 - 4
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DIII -1 +1 1 7y 7 4
CI +1 -1 1 - 4
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 Schnyder etal M—H&BIFITEEIR  phys. rev. 8 78, 195125 (2008

=F1—IL
RS (REVZIV)AAF)Lp \d=2  d4=3
Standard A (unitary) 0 0 0 - 7 -
(Wigner-Dyson) Al (orthogonal) +1 = on . - -
AII (symplectic) -1 E\% AL '{I—I_\ 1 7 7
Chiral AIII (chiral unitary) 0 0 o — by —
Il 3Rtz
(sublattice) BDI (chiral orthogonal) +1 +1 7 7? = 4 - . 2
CII (chiral symplectic) ' ! ! 7 - 7
(REVLR)HA5)Lp 3
BdG [C D D 0 +1 o 7, 7 He-B
C 0 -1 jJ’f?)l/d = 7, -
DIII -1 +1 7. 7. 7.
/\l l/ 2 2
CI +1 -1 HJL} P 7  --etc
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SLS; N\SILL=TUERKIET S
AZAR)ITHNFET HXTFRE.
Dirac EHER Dy ATHM LR TS,

HIDAZARDRDFNTLay

TAB I. Ten symmetry classes of single-particle Hamiltonians classified in terms of the presence or
absencg’ of time-reversal symmetry (TRS) and particle-hole symmetry (PHS), as well as “sublattice” (or
“chiral”) symmetry (SLS) (Refs. 37 and 38). In the table, the absence of symmetries is denoted by “0.” The
presence of these symmetries is denoted by either “+1” or “—1,” depending on whether the (antiunitary)
operator implementing the symmetry at the level of the single-particle Hamiltonian squares to “+1” or “—17
(see text). [The index *1 equals 7. in Eq. (1b); here e.=+1 and —1 for TRS and PHS, respectively.] For the
first six entries of the table (which can be realized in nonsuperconducting systems), TRS=+1 when the SU(2)
spin is an integer [called TRS (even) in the text] and TRS=—1 when it is a half-integer [called TRS (odd) in
the text]. For the last four entries, the superconductor “Bogoliubov—de Gennes” (BdG) symmetry classes D,
C, DIII, and CI, the Hamiltonian preserves SU(2) spin-1/2 rotation symmetry when PHS=—1 [called PHS
(singlet) in the text], while it does not preserve SU(2) when PHS=+1 [called PHS (triplet) in the text]. The
last three columns list all topologically non-trivial quantum ground states as a function of symmetry class and
spatial dimension. The symbols Z and Z, indicate whether the space of quantum ground states is partitioned
into topological sectors labeled by an integer or a Z, quantity, respectively.
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* Schnyder et al D—REInFaR Phys. Rev. B 78, 195125 (2008)

TRS PHS SLS d=1 d=2 d=3

Standard A (unitary) 0 0 0 - QH 7z
(Wigner-Dyson) AT (orthogonal) +1 0 0 - l - -
AII (symplectic) -1 0 0 - QsH 7y
Chiral AIII (chiral unitary) 0 0 1 7 - 4
(sublattice) BDI (chiral orthogonal) +1 +1 1 4 -
CII (chiral symplectic) -1 -1 1 Y/ 7
BdG |CD D 0 +1 0 7 7
C 0 -1 0 - 7
DIII -1 +1 1 7, 7, 7
CI +1 -1 1 - 7
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$1=0, |L|=0

S-Wwave

conventional superconductor
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Cf) Sato-Takahashi-Fujimoto,
W. Rev. Lett. 103, 020401

-

S|=1,|L|=1, 3, ...

p-, [-wave...
S|=0, |L|=2, 4, ...

d-, g-wave...

unconventional superconductor
Sigrist&Ueda, Rev.Mod.Phys.(1991)
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Goryo & Ishikawa(’99)
Read & Green(’00)
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* Schnyder et al D—REInFaR Phys. Rev. B 78, 195125 (2008)

TRS PHS SLS d=1 d=2 d=3

Standard A (unitary) 0 0 0 - 7
(Wigner-Dyson) Al (orthogonal) +1 0 0 - - -
AIl (symplectic) -1 0 0 - 7y 7
Chiral AIII (chiral unitary) 0 0 1 7 4

(sublattice) BDI (chiral orthogonal) +1 +1 1 4
CII (chiral symplectic) -1 -1 1 Y/ - 7
Chiral p

BdG |G D 0 +1 0 7o ¥a

C 0 -1 0 - 7, -
DIII -1 +1 1 7 Z, —%7 O

CI *l -1 ! Helical p° z
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3&%%%1#%*!& Schnyder et al. PRB ('08)

Volovik, JETP90, 587 ("09)

N, = —E e[, [d'p60,G 60,4760, 5 ']
247’
G(D) = M(p)Ts + T1(CLED1 + §,0,0, + T )

2
b
2m* "

M(p) =

CHEEAVE—F U RXBIE
€ Murakawa.et.al,PRL103,155301(2009)
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N =10 | EmeEmEETs—®
Read-Green, PRB 2000 (EEEF)
lvanov, PRL 2001;

Oshikawa et al, Ann.Phys.2007...etc
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Nayak-Simon-Stern-Freedman-Das Sarma,
Rev. Mod. Phys. 80, 1083 (2008)
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Fujita, Wakabayashi, Nakata, Kusakabe, JPSJ 65, 1920 (1996)
Nakata, Fujita, Dresselhaus, Dresselhaus, PRB 54, 17954 (1996)
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Ryu-Hatsugai PRL (2002)
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Moskow Int. Conf. ("11)
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J—>fE1E (Weyl cone*)

Nielsen-Ninomiya, Nulc.Phys B185 20 (1981);
B193 173 (1981);Phys. Lett. B130 389 (1983)
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I ’ ,r ) l/ Elﬁ éj= Nielsen-Ninomiya, Nulc.Phys B185 20 (1981);
L1 74 % B193 173 (1981);Phys. Lett. B130 389 (1983)
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J—2 188 (Weyl cone*) ie. 5571 M3diR

B OHKIER P. Hosur, X. Qi / C. R. Physique 14 (2013) 857-870
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G.E. Volovik, The universe in a 3He droplet
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Teo-Fu-Kane PRB(’08)

XTFREICERFE ST 7I'\|:I“)—

Schnyder et al. M 72 £55% (BiIk

TRS PHS SLS d=1 d=2 d=3
Standard A (unitary) 0 0 0 - Z
(Wigner-Dyson) Al (orthogonal) +1 0 0 - - -
AII (symplectic) -1 0 0 - 2o Zs
Chiral AIII (chiral unitary) 0 0 1 7 - 7
(sublattice) BDI (chiral orthogonal) +1 +1 1 7 - -
CII (chiral symplectic) -1 -1 1 7 - 7
BdG (D D 0 +1 0 7, /
C 0 -1 0 - 7
DIII -1 +1 1 7, 7, 7
CI +1 -1 1 - Z
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