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The group of &
The point group of k (k point group):

P = {a . ok = k}
The group of k (k group) :

Gr ={(alua+T) : ac P}
={(ajuq +T) : ak=k}

Irreducible representation of "the group of £, ng ((a|ua +T)) :

(afua + TYP) = ZW I ((afua +T)) ,

where ) is the label of irreducible representation.



Irreducible representation of the group of &
F,(;‘) ((alua +T)) =exp (—ik-T) exp ( — ik - uq) D,S‘) ((alua))
where the rotation « is restricted to leave k invariant (a € P(k)).

D ((alua)) DY ((Blug)) = ®(, H)DK ((aBltap))
D(a, B) = exp (iGo - ug)  (factor system)

G,=k—a 'k
e On the Brillouin zone surface in nonsymmorphic space group,
d(a, B) # 1 : Ray representation (projective representation)

e Otherwise,
®(a, 8) = 1 : usual point group representation

TSPACE gives the factor system in the form of

O(a, B) = exp (27m'2) (n,m : integer)
m
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Space group Fm3m (fcc Ca, Ni, Cu, ...)

I" point in Fm3m (fcc Ca, Ni, Cu, ...)

O E 3C, 8Cs 6C, 6C, | 30, 8ICs 604 6IC,
1 T1 Ay |1 1 1 1 1 1 1 1 1
3 Ty Ay |1 1 1 1 11 1 -1 -
2 I Aw |1 1 1 1 1 1 1 1 4 A
4 Th As |1 1 1 1 1 1 1 1 1
9 I'';y E, [2 2 4 0 0 2 2 14 0 0
10 Ity E, |2 2 14 0 0 -2 -2 1 0 0
5 Iy Ty, |3 -1 0 -1 1 3 - 0 - 1
7 Thy Ty |3 -1 0 1 -1 3 - 0 1 1
6 I's Tw |3 -1 0 -1 1 -3 1 0 1 1
8 I'ss Tow |3 -1 0 1 -1 -3 1 0 - 1
() (B) (M)

: TSPACE code, (B): BSW notation at the I" point, (M): Mulliken notation




Compatibility table in Fm3m (fcc Ca, Ni, Cu, ...)

1 3 2 4 9 10 5 / 6 8
Iy Ty, T T, Ty Ty T 1% Tis Tos
1 A | 1 1 1
2 A 1 1 1
3 A 1 1 1
4 A 1 1 1
5 As 1 1 1 1




A axis in Fm3m (fcc Ca, Ni, Cu, ...)

Cuv E C, 2C; 20, 204
1 A A 1 1 1 1 1
2 Al Ay |1 1 1 -1 -1
3 Ay B 1 1 -1 1 -1
4 A, By |1 1 -1 -1 1
5 A; E 2 -2 0 0 0
(T)y (B) (M)

(T): TSPACE code, (B): BSW notation at the A axis in Fm3m
(M): Mulliken notation



X point in Fm3m (fcc Ca, Ni, Cu, ...)

Dy, E C, 2C, 2Cf 2C, | o, 20, 204 2ICy4
1T X7 Ay, |11 1 1 1 1 1 1 1 1
7 X4 Ay, |1 -1 -1 1 1 1 -1 -1 1
2 X7 A |1 1 1 1 1 -1 -1 -1 -1 -1
8 X, Ay |1 1 -1 -1 1 -1 -1 1 1 -1
3 Xo By, |1 1 1 -1 -1 1 1 1 -1 -1
5 Xs By, |1 1 -1 1 -1 1 1 -1 1 -1
4 X, By, |1 1 1 -1 -1 -1 -1 -1 1 1
6 X; Bo, |1 1 -1 1 -1 -1 -1 1 -1 1
9 X5 E, |2 -2 0 0 0 2 2 0 0 0
10 XX E, |2 -2 0 0 o -2 2 0 0 0
(1) (B) (M)

(T): TSPACE code,
(M): Mulliken notation

(B): BSW notation at the X point in cubic symmorphic




(216, T2)

F43m

[Example] AIP zinc blende

AlIP
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Space group F43m (Zinc blende structure, AIP, GaAs, ...)

I" point in F43m

T, E 3C, 8C; 604 6IC,
1 T A |11 1 1
2 Ty A |1 1 1 4 -
5 I'as E |2 2 1 0 0
3 I';s T4 |3 -1 0 -1 1
4 TI'yy To |3 -1 0 1 -
(T)y (B) (M)

(T): TSPACE code

(B): BSW notation at the I" point in the zinc blende structure
R.H.Parmenter, Phys. Rev. 100, 573-579 (1955).

(M): Mulliken notation
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A axis in F43m

Co, E C, o0, o, | T.Rsum
1 Ay Ay 1 1 1 1 4
2 Ay, A, |1 1 -1 -1 4
3 A; B 1 -1 1 -1 0
4 A, By, |1 -1 -1 1 0
(ry B M)

(T): TSPACE code

(B): BSW notation at the I" point in the zinc blende structure
R.H.Parmenter, Phys. Rev. 100, 573-579 (1955).

(M): Mulliken notation

TSPACE gives the degeneracy by the time-reversal symmetry. (Herring’s rule)
Time reversal elements: co,, c2., iC4z, iCp,

— Time Reversal Sum (T.R.sum) = 0 — Irreps. 3 and 4 degenerates.
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X point (Dog) in F43m

Doy E C, 2C, 20, 2ICy
1 X7 A 1 1 1 1 1
4 X, A |1 1 4 a4 1
> X, B, |1 1 1 1 -
3 Xy By |1 1 4 1
5 X5 E 2 -2 0 0 0
(n ® M)

(T): TSPACE code
(B): BSW notation at the X point

R.H.Parmenter, Phys. Rev. 100, 573-579 (1955).

(M): Mulliken notation
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Fd3m (227, O7)

[Example] Si diamond
S
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Space group Fd3m (diamond)

I" point in Fd3m

O E 3C, 8Cs 6C, 6C, | 30, 8ICs 604 6IC,
1 T1 Ay |1 1 1 1 1 1 1 1 1
3 Ty Ay |1 1 1 1 11 1 -1 -
2 I Aw |1 1 1 1 1 1 1 1 4 A
4 Th As |1 1 1 1 1 1 1 1 1
9 I'';y E, [2 2 4 0 0 2 2 14 0 0
10 Ity E, |2 2 14 0 0 -2 -2 1 0 0
5 Iy Ty, |3 -1 0 -1 1 3 - 0 - 1
7 Thy Ty |3 -1 0 1 -1 3 - 0 1 1
6 I's Tw |3 -1 0 -1 1 -3 1 0 1 1
8 I'ss Tow |3 -1 0 1 -1 -3 1 0 - 1
() (B) (M)

(T): TSPACE code, (B): BSW notation at the I" point, (M): Mulliken notation
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X point in Fd3m (diamond)

(E,0) (C2,0) (Chug) (C5uq) 2(04,0)
2 X3 2 2 0 0 2
1 X5 2 2 0 0 -2
3 Xj 2 -2 -2 2 0
4 X, 2 2 2 -2 0)
(1) (B) (T):1 (T):1

wg = (1/4,1/4,1/4)a

Factor system is needed for the ray representation.

(T): TSPACE code

(B): BSW notation at the X point in diamond (nonsymmorphic)

(See Lax’s book!)
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X point in Fd3m (diamond)
X;j) ((a|ua)) — exp ( — ik - ua) Tr D,S\) ((oz]ua))

E C: 2C: (Chlu) (C5lu) 2(Cslu) (|u) (on|u) 2(c,|u) 204 2ICy4
2 X1 |2 2 0 0 0 0 0 0 0 2 0
1 Xo | 2 2 0 0 0 0 0 0 0 -2 0
3 X3 | 2 2 0 -2 2 0 0 0 0 0 0
4 X4 | 2 2 0 2 -2 0 0 0 0 0 0
(T) (B) (T (T)i

w = (1/4,1/4,1/4)a,

(T): TSPACE code

TSPACE code gives D\ ((aluq))-
Factor system is needed for the ray representation. (See TSPACE output!)

(B): BSW notation at the X point in diamond (nonsymmorphic)

(See Lax’s book!)

16




