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Since the Raman tensors depend on the choice of the coordinate system, we adopt the lattice symme-
try directions of crystallographic systems, as summarized in Table 1. The Raman tensors for all magnet-
ic point groups (MPG) are listed in Table 2-33. These results are also given on GitHub website [http-
s://ruichun.github.io/MagneticRamanTensor/], where the character tables and direct product are also given.
Please note that:

1.

S
©j
antisymmetric part [af‘j] is time-reversal odd (T-odd), and satisfies o (—w) = [—a”(w)] ", Consequently,

the T-even afj (0) may have a nonzero real component at zero frequency limit. Whereas aA(O) vanishes,

indicating the a” belongs a non-equilibrium tensor.

The symmetric part [a] is time-reversal even (T-even), and satisfies a”(—w) = [ (w)]* While the

. The Raman coefficients «;;(w) possess both real and imaginary parts, analogous to the dielectric function,

and satisfy the Kramers-Kronig relations.

. The second row of each table presents the symmetric components of the Raman tensor, and the Raman

tensor elements are denoted with the letter “a”. While the remaining rows correspond to the antisym-
metric components, and the Raman tensor elements are written as the letter “A”. The symmetric parts
are the same as the known results in the textbooks and literature.

. Since the black-and-white MPG M = S + R/(G — S) has the unitary (R) and anti-unitary (R’) elements,

we assign them the values +1 and —1, respectively, as the main text. In this way, the MPG M can
be regarded as a 1D real irrep Xmaqg Of the isomorphic nonmagnetic point group G, as listed in the first
column of each table.

. For double degenerate E modes and triply degenerate T' modes, three indices are used (e.g., aj12 and

As12), where the first index denotes the number of the irreducible representation, and the last two are the
Raman tensor subscripts.

. For the MPGs 422", 4m/'m/, 42'm/, 4/mm/m’, 32', 3m/, 6m/2’, 3m/, 62'2', 6m'm/, 6/mm’'m’, 4'3m’, 4’32’

and m3m/, the E modes undergo splitting, forming the chiral phonons (such as Co3SnsSs,, and we indicate
them by [S] after the MPG names.

. For the origin point groups 3, 4, 6, 3/m, 4/m, 6/m, 4, 3, 23, and m3, the irrep E modes also split, but

they become degenerate again in the corresponding grey groups.
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TABLE 1: Lattice symmetry directions of 32 original point groups.

Crystallographiq Point Groups Direction 1 Direction 2 Direction 3
system
. 23, m3, 432, 43m, body diagonal | face diagonal
Cubie m3m a/b/e e.g. ya + l% +c | eg a —|—gb
6, 6, 6/m, 622,
Hexagonal 6mm, 6m2, c a/b a+2b/2a+b
6/mmm
4, 4, 4/m, 422, face diagonal
Tetragonal 4mm, 42m, c a/b &
e.g.a+b
4/mmm
Trigonal 3,3, 32, 3m, 3m c a/b NA
Orthorhombic 222, 2mm, mmm c a b
Monoclinic 2, m, 2/m C NA NA
Triclinic 1,1 NA NA NA

1. The letters “NA” (not available) in the third to the fifth column indicate that there are no symmetry
operations along these characteristic directions.
2.The symbols “/” in the third to the fifth columns denote that there are two or more equivalent character

directions.

3. The character directions for grey MPGs and black-white MPGs obey the rules similar to those in

original MPGs.

TABLE 2: The Raman tensors of the point group 1 (C1) and corresponding MPG.

1(Ch) A
Q11 Q2 a3
Sym. Q12 Q22 Q23
Q3 Q23 (33
0 A —Asz
1 (A) —A12 0 A23
Azp —Axz 0

TABLE 3: The Raman tensors of the point group 1 (C;) and corresponding MPGs.

1 (Cz) Ag A,
Q11 12 Qi3 000
Sym Q12 Qo (23 000
13 (3 (33 000
0 Ap —Asz 000
1(4,) —Ai, 0 Ags 000
000 0 Ay —Asz
1 (Ay) 000 “Ap 0 Ags
000 Az; —As3 0

TABLE 4: The Raman tensors of the point group 2 (C2) and corresponding MPGs.

2 (C9) A B

11 (12 0 0 0 13

Sym. 12 (22 0 0 0 a3
0 0 Q33 13 Q23 0

0 A2 0 0 0 —-Asxn

2 (A) —A1, 0 0 0 0 A
0 0 0 Asz; —Asz 0

0 0 —As 0 A2 0

2’ (B) 0 0 A —A1, 0 0
Asz; —Ass 0 0 0 0




TABLE 5: The Raman tensors of the point group m (Cs) and corresponding MPGs.

m (Cy) A’ A

ai; a0 0 0 a3

Sym. 12 (22 0 0 0 Q93
0 0 a3 aiz agz 0

0 A2 0 0 0 —As

m (A/) —A12 0 0 0 0 A23
0 0 0 Asz; —Asz 0

0 0 —Asxn 0 A2 0

m’ (AN) 0 0 A23 —A12 0 0
A31 —A23 0 0 0 0

TABLE 6: The Raman tensors of the point group 2/m (C2r) and corresponding MPGs.

2/77? (Cgh) Ag Au Bg Bu
Q11 (12 0 000 0 0 13 000
Sym. 12 (22 0 000 0 0 23 000
0 0 33 000 13 (23 0 000
0 A2 0 000 0 0 —Asxn 000
2/m (4,) —A15 0 0 000 0 0 A 000
0 0 0 000 Asz; —Asz 0 000
000 0 A2 0 000 0 0 —Asxn
2/m’ (Au) 000 —A12 0 0 000 0 0 A23
000 0 0 0 000 Azp —Ass 0
0 0 —Asxn 000 0 A2 0 000
2/m' (By)|| 0 0 Ay 000 —A;, 0 0 000
Asp —Ass 0 000 0 0 O 000
000 0 0 —Asxn 000 0 A2 0
2 /m (By) 000 0 0 Ay 000 —A;, 0 0
000 Aszp —Ass O 000 0 0 0

TABLE 7: The Raman tensors of the point group 222 (D2) and corresponding MPGs.

222 (Ds) A B, By Bs
11 0 0 0 12 0 0 0 13 0 O 0
Sym. 0 29 0 12 0 0 0 0 O 0 O Q23
0 0 Q33 0 0 0 Q13 0 0 0 Q23 0
000 0 A2 0 0 0 —As 0 0 0
222 (A) 000 —A;, 0 0 00 0 0 0 Ay
00O 0 0 0 A1 0 0O 0 —Ass O
0 A2 0 000 0 0 0 0 0 —Ag
222 (B)|| =412 0 0 000 0 0 Ay 0 0 0
0 0 O 000 0 —Ass O A3 0 0
0 0 —As 0 0 0 000 0 A2 0
222" (B)[[ 0 0 0 0 0 Ay 000 —A;, 0 0
As; 0 0 0 —As3 O 000 0 0 0
0 O 0 0 0 —Ag 0 A2 0 00O
222 (B3)|[ 0 0 Ay 00 0 —A;, 0 0 000
0 —As3 O As1 0 0 0 0 0 000




TABLE 8: The Raman tensors of the point group 2mm (C2,) and corresponding MPGs.

2mm (OQU) A1 A2 B1 Bg
ai; 0 0 0 a2 0 0 0 a3 0 0 O
Sym. 0 29 0 192 0 0 0 0 O 0 O 23
0 0 Q33 0 0 0 13 0 O 0 23 0
000 0 A2 0 0 0 —As 0 0 0
mm2 (A1) 00O —A12 0 O 0 0 O 0 0 Ao
000 0 0 0 Az 00 0 —Az3 O
0 A2 0 000 0 0 0 0 0 —As
m'm'2 (Ag) || =412 0 0 000 0 0 A 00 0
0 0 O 000 0 —Ass O A1 0 0
0 0 —As 0 0 0 000 0 A2 0
m'm2 (B))[[ 0 0 0 0 0 A 000 ~A, 0 0
A1 0 0 0 —As3 O 000 0 0 O
0 0 0 0 —As 0 A2 0 000
mm'2’ (BQ) 0 A23 0 0 0 —A12 0 0 000
0 —Ass3 O A3 0 0 0 0 0 00O

TABLE 9: The Raman tensors of the point group mmm (Dazp) and corresponding MPGs.

mmm (Dap) Ay A, By Biy Bayg By, Bs, Bs,
app 00 000 0 a2 0 000 0 0 agz 000 00 0 000
Sym. 0 aaxm 0 000 a2 0 0 000 0 0 0 000 0 0 ao3 000
0 0 ags 000 0 0 0 000 a3 0 0 000 0 oz 0 000
000 000 0 A2 0 000 0 0 —As 000 0 0 0 000
mmm (Ag) 000 000 —A;, 0 0 000 0 0 0 000 0 0 A 000
000 000 0 0 0 000 A3 00 000 0 —Ay; O 000
000 000 000 0 A;2 0 000 0 0 —As 000 0 0 0
m/'m'm’ (Ay) 000 000 000 —Ai, 0 0 000 0 0 0 000 0 0 Ao
000 000 000 0 0 0 000 Az 00 000 0 —Ay3 0
0 App 0 000 000 000 0 0 0 000 0 0 —As; 000
m'm'm (Big) —Ai, 0 0 000 000 000 0 0 Ass 000 0 0 0 000
0 0 0 000 000 000 0 —Ay3 0 000 Az1 00 000
000 0 A;p O 000 000 000 0 0 0 000 0 0 —As
mmm' (Byy) 000 —A;, 0 O 000 000 000 0 0 Ao 000 0 0 0
000 0 0 0 000 000 000 0 —Ay3 O 000 A3 00
0 0 —As 000 0 0 0 000 000 000 0 A2 0 000
m/mm/ (Bayg) 0 0 0 000 0 0 A 000 000 000 —Ai2 0 O 000
A1 00 000 0 —Ay 0 000 000 000 0 0 0 000
000 0 0 —As 000 0 0 0 000 000 000 0 A;» 0
mm'm (Bay) 000 0 0 0 000 0 0 As 000 000 000 -4 0 0
000 Az 00 000 0 —Ays 0 000 000 000 0 0 0
0 0 0 000 0 0 —Agz; 000 0 Ap 0 000 000 000
mm/'m’ (Bsg) 0 0 A 000 0 0 0 000 —A;2 0 0 000 000 000
0 —Ay3 O 000 As; 00 000 0 0 0 000 000 000
000 0 0 0 000 0 0 —As 000 0 A;p O 000 000
m'mm (Bsy) 000 0 0 Ay 000 0 0 0 000 —A;, 0 0 000 000
000 0 —Ay 000 Az 00 000 0 0 0 000 000

TABLE 10: The Raman tensors of the point group 4 (C4) and corresponding MPGs.

4 (Cy) A B g 2p
11 0 0 11 (12 0 0 0 13 0 0 a3
Sym. 0 11 0 19 —O11 0 0 0 —ia13 0 0 ia13
0 0 Q33 0 0 0 13 —ia13 0 13 iOé13 0
0 A2 0 000 0 0 —Ag; 0 0 —As
4(A4) || -4 0 0 000 0 0 idAs 0 0 —idg
0 0 000 Asy —ids; 0O Az iAs; 0
000 0 A2 0 0 0 —As; 0 0 —Ag;
4" (B) 000 ~A1, 0 0 0 0 —iAg 0 0 idsg
000 0 0 0 Asp ids 0 As; —iAz; 0




TABLE 11: The Raman tensors of the point group 4 (S4) and corresponding MPGs.

4 (Sy) A B 'E 2R
11 0 0 11 (12 0 0 0 13 0 0 13
Sym. 0 11 0 19 —O11 0 0 0 —ialg 0 0 z'a13
0 0 Q33 0 0 0 13 —ialg 0 13 iOé13 0
0 A2 0 000 0 0 —Ag; 0 0 —As;
1(4) || =41 0 0 000 0 0 idsg 0 0 —iAg
0 0 0 000 A —iAs1 O As; iAs; 0
000 0 A2 0 0 0 —As; 0 0 —Az;
1 (B) 000 —Ai; 0 0 0 0 —iAg 0 0 iAg
00O 0 0 0 Asy 1Az 0 Azy —iAsr 0

TABLE 12: The Raman tensors of the point group 4/m (C4s) and corresponding MPGs.

4/m (Can) A, A, B, B, 'E, 2E, B, R,
ar 0 0 000 a1 a0 000 0 0 ap 0 0 s 000 000
Sym. 0 an 0 000 g —ang 0 000 0 0 —iag 0 0 o 000 000
0 0 as 000 0 0 0 000 s gz 0 a3 dags 0 000 000
0 A 0 000 000 000 0 0 —Ay 0 0 —Asy 000 000
1/m (Ay) || =42 0 0 000 000 000 0 0 idsy 0 0 —idy 000 000
0 00 000 000 000 Ag —ids 0 Agy iAgy 0 000 000
000 0 A o0 000 000 000 000 0 0 A 0 0 —Agy
a/m’ (Ay) 000 —A1, 0 0 000 000 000 000 0 0 iAsy 0 0 —idy
000 0 00 000 000 000 000 Ag —ids 0 Ag iAy 0
000 000 0 A5 0 000 0 0 —Ag 0 0 —Ay 000 000
4 /m(B,) 000 000 ~A;, 0 0 000 0 0 —idy 0 0 Ay 000 000
000 000 0 00 000 As idy 0 Ag —ids 0 000 000
000 000 000 0 Ap o0 000 000 0 0 -Ay 0 0 Ay
4'/m’ (By) 000 000 000 —4A;, 0 0 000 000 0 0 —idy 0 0 idy
000 000 000 0 00 000 000 Az iAgy 0 Ay —iAg 0




TABLE 13: The Raman tensors of the point group 422 (D4) and corresponding MPGs.

422 (Dy) A, Ay B, B, E
0 0 0
0 0 123
11 0 0 00O 11 0 0 0 Q12 0 0 o193 0
Sym. 0 Q11 0 00O 0 —Q11 0 a12 0 0
0 0 ass 000 0 0 0 0 0 0 0 0 axs
0 0 0
123 O 0
0 0 0
000 0 Ap 0 000 000 0 —Aps 0
422 (Ay) 000 “Ap 0 000 000
000 0 0 000 000 0 0 A
0 0 0
—Ai23 0 0
0 0 Ais
0 0 0
0 Ap 0 000 000 000 A 00
42'2" (A2) [9]| | =412 0 © 000 000 000
0 0 0 000 000 000 o0 0
0 0 —Ajs
0 Az 0O
0 0 0
0 0 A
000 000 000 0 Ap 0 0 —Aps 0
422" (By) 000 000 000 “A; 0 0
000 000 000 0 0 0 0 0 —Ajs
0 0 0
A3 00
0 0 Aus
0 0 0
000 000 0 Ap 0 000 A 00
4'2'2 (Bs) 000 000 “A;, 0 0 000
000 000 0 0 0 000 0 0 0
0 0 Ais
0 —A;13 0




TABLE 14: The Raman tensors of the point group 4mm (C4y) and corresponding MPGs.

4dmm (0411) A1 A2 B1 B2 E
0 0 a3
0 0 0
11 0 0 000 11 0 0 0 12 0 o113 0 0
Sym. 0 11 0 000 0 —Q11 0 12 0 0
0 0 as 000 0 0 0 0 00 00 0
0 0 —ans
0 —ani3 O
0 0 Aus
0 0 0
000 0 Ap 0 000 000 CApus 00
dmm (A1) 000 “Ap, 0 000 000
000 0 0 000 000 000
0 0 —As
0 Auis O
0 0 0
0 Ap 0 000 000 000 0 —Aps 0
Am'm’ [S] (A2)| | =412 0 0 000 000 000
0 0 0 000 000 000 0 0 Aps
0 0 0
—Ai23 0 0
0 0 Ay
0 0 0
000 000 000 0 Ap 0 A 00
A’ (By) 000 000 000 “Ap 0
000 000 000 0 0 0 0 0
0 0 Ais
0 —A;13 O
0 0 0
0 0 A
000 000 0 Ap 0 000 0 —Aps 0
A'm'm (Bs) 000 000 “Aj, 0 0 000
000 000 0 0 0 000 88—%123

A3 0 0




TABLE 15: The Raman tensors of the point group 42m (Daz4) and corresponding MPGs.

412771 (ng) A1 A2 B1 BQ

a1 0 0 0 Q12 0
Sym. 0 ann O aiz 0 0
0 0 Q33 0 0 0

0
0
000 0 Ap 0 000 000
12m (A;) 000 “Ap 0 0 000 000
000 0 0 0 000 000 8
A2z 0
0
0
0 Ap 0 000 000 000

o
[en}
o
o
o
o
[en}
o
[en}

12'm' (Ay) [S]|| A 0 0

0
0
. 000 000 000 0 Ap 0 0 Ay
i2m’ (By) 000 000 000 A 0 0
000 000 000 0 0 0 8
_A123
0
0
i 000 000 0 Ap 0 000 A
12'm (Bs) 000 000 A 0 0 000
000 000 0 0 0 000 0 0
0 0
0 Ajs




TABLE 16: The Raman tensors of the point group 4/mmm (Dap) and corresponding MPGs.

4/mmm (Day) A, A, Ay Az By, B Bay Bau B, E,
00 0 000
0 0 ams 000
an 00 000 000 000 an 0 0 000 0 a0 000 0 ams 0 000
Sym. 0 an 0 000 000 000 0 —an 0 000 a; 00 000 ’
0 0 ax 000 000 000 0 0 0 000 0 00 000 0 0 iz 000
00 0 000
0123 00 000
00 0 000
0 0 A 000
000 000 0 A0 000 000 000 000 000 0 A 0 000
4/mmm ( Ay ) 000 000 A, 0 0 000 000 000 000 000 *
000 000 0 00 000 000 000 000 000 0 0 Ay 000
0 0 0 000
Ay 00 000

Afm'm'm’ (Ay,) (

—
coco
coco
coco

~—

2 0
0 0 A 000
0 0 0 000
0 A0 000 000 000 000 000 000 000 CAns 0 0 000
4fmm'm’ (Asy) S]] [ —A1z 0 0 000 000 000 000 000 000 000 ’
0 00 000 000 000 000 000 000 000 00 0 000
0 0 —Aus 000
0 Aug 0 000
000 0 0 A
000 0 0 0
000 0 A0 000 000 000 000 000 000 000 CAns 00
4/m'mm (Asz,) 000 A, 00 000 000 000 000 000 000
000 0 00 000 000 000 000 000 000 0?8 ( 0 )
0

coco

000
& /mmm’ (By,) 000
000

coo
coo
~
—
coo
coo
coo
~—

0

00 ( i 000\ /000
00 0o00|fooo
000 3 0*‘?{%) 000)\0o00

An2s 0
000 0 0 o0
000 0 0 Aug
000 000 000 000 000 000 000 0 A0 000 0 —Aps 0
& fm'm'm (B 000 000 000 000 000 000 000 A, 0 0 ?
000 000 000 000 000 000 000 0 00 000 0 0 —Aus
000 00 0
000 Aig 00
0 0 A 000
0 0 0 000
000 000 000 000 0 A0 000 000 000 Az 0 0 000
& Jmm/m (Bag) 000 000 000 000 —Ai, 00 000 000 000
000 000 000 000 0 00 000 000 000 0 0 0 000
0 0 A 000
0 -Aug 0 000
000 0 0 A
000 0 0 13
000 Aig 00

o fmtmm’ (By,)

—
coo
coo

oo
~——

—
coo
coco
coo

~—

—
coco
coo
coo

~——

000 0 0 0
000 0 0 Apg
000 0 —-Apg 0

TABLE 17: The Raman tensors of the point group 3 (C3) and corresponding MPGs.

3 (C5) A ' 2R
a;; 0 0 ai; o fonn Qag a1 —iann Qi
Sym. 0 11 0 ian —Q11 —’ialg —iau —Q11 iOé13
0 0 33 13 —iOé13 0 13 iOé13 0
0 A2 0 0 0 —Ag; 0 0 —As
3(4) [[ -4 0 0 0 0 ids 0 0 —iAg
0 0 0 A31 —iA31 0 A31 iA31 0
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TABLE 18: The Raman tensors of the point group 3 (Sg) and corresponding MPGs.

3 (S6) Ay Ay lEg 2Eg B, ’E,
[e5§) 0 0 000 a1l iall Q13 a1 7i(¥11 13 000 000
Sym. 0 a1l 0 000 ’ia“ —Q11 *’[70(13 *Z‘(Jtu —Q1 ’L‘(Xl;; 000 000
0 0 33 000 13 7i(¥13 0 13 Lam 0 000 000
0 A;2 0 000 0 0 — Az 0 0 —Asz 000 000
3 (Ag) —A;2 0 0 000 0 0 iAs 0 0 —iAs 000 000
0 0 0 000 Az —iAsz; 0 Az Az 0 000 000
000 0 A2 0 000 000 0 0 —Ag 0 0 —As
3 (Ay) 000 —Ais 0 0 000 000 0 0 iAgy 0 0 —iAs
000 0 0 0 000 000 Az —iAsz; 0 Az iAsz 0
TABLE 19: The Raman tensors of the point group 32 (D3) and corresponding MPGs.
32 (Ds) Ay Ag E
11 0 0 000 111 0 113 0 —Q111 0
Sym. 0 11 0 000 0 —Q111 0 —Q111 0 113
0 0 Q33 000 113 0 0 0 113 0
000 0 A 0 0 0 Ais 0 0 0
32 (A1) 000 —A;, 0 0 0 0 0 0 0 Apns
000 0 0 O —A113 0 0 0 —A113 O
0 Ap 0 000 0 0 0 0 0 —Ajs
32 (A2) [S]|| =412 0 0 000 0 0 A 0 0 0
0 0 0 000 0 —App3 O A3 0 0
TABLE 20: The Raman tensors of the point group 3m (Cs,) and corresponding MPGs.
3m (Cgv) A1 A2 E
a0 0
0 —ag1 aizs
11 0 0 000 0 o193 0
Sym. 0 Q11 0 000
0 0 ass 000 0 —aq11 —ago3
—aq11 0O 0
—aje3 0 0
0 0 0
0 0 A
000 0 A 0 0 —Aips 0
3m (Al) 000 *Alg 0 0
000 0 0 0 0 0 —Aps
0 O 0
A3 0 0
0 A 0 00O 0 0 A3 0 0 0
3m’ (AQ) [S] *Alg 0 0 000 0 0 0 0 0 A113
0 0 O 00O —A1135 0 0 0 —A;13 O
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TABLE 21: The Raman tensors of the point group 3m (Ds4) and corresponding MPGs.
3771 (D3d) Alg Eg Eu
ainn 0 as
—ain 0
a0 0 0 000 000 ons 00 00\ /000
Sym. 0 a;; O 00 000 000 000 000
0 0 ass 000 000 111 0 00 000
a0 —ang
—aj3 0
0 0 A
0 0 0
- 000 0 A2 O 000 —Au3 00 00 000
3m (Aig) 000 0 0 0 0 000 00 000
000 0 0 0 000 o0 0 00/ \ooo
0 Az 0
0 0 Aus
0 0 0
i 000 0 0 00\ /000 Az 00
3m' (A1) 000 00 000 00 000
000 0 00 000 o0 0
0 0 0 000
0 0 Ajos 000
, 0 A 0 0 00 0 0 A 0 000
3m/ [S] (Agg)|| 412 0 0 00 000 00
0 0 0 0 0 0 A123 000
0 0 0 000
—Aj3 0 0 000
0 0 0
i 000 000 0 000\ /000 0 —Aps 0
3'm (Asy) 000 000 000 000 000
000 000 0 000/ \oo0o 0 0 —Apzs
0 0 0
TABLE 22: The Raman tensors of the point group 6 (Cs) and corresponding MPGs.
6 (Cs) A LB, 2B,
11 0 0 00 0 0 0 0 @13 0 0 13
Sym 0 11 0 000 ia“ —Q11 0 0 0 *’l‘&]g 0 0 i(!lg
0 Q33 000 0 13 77,‘&13 0 13 7‘,0413 0
A 0 000 000 0 0 —Asz 0 0 —As
6(A) || A2 0 0 000 000 0 0 Ay 0 0 —idy
0 0 00 000 As; —iAz; O Az Az 0
00 — A 000 000
6 (B) 00 iAs 000 000
00 0 000 000
TABLE 23: The Raman tensors of the point group 6 (Csr) and corresponding MPGs.
6 (C3h) A/ 1E// QE//
0 0 0 0 0 a3 0 0 a3
Sym a1l 0 iOzll —Q11 0 0 0 7’L‘(}’13 0 0 i()(l;g
0 33 0 13 —ialg 0 13 ialg 0
Aip 0 0 0 *Ag] 0 0 7A3]
6 (4 00 0 0 Ay 0 0 —idy
0 0 A31 —iA31 0 A31 iASl 0
000 0 —As 000 000
6 (A") 000 0 iAsy 000 000
000 0 0 000 000

TABLE 24: The Raman tensors of the point group 6/m (Csx) and corresponding MPGs.

6/m (Con) A

1 B,

2By,

'Eyy 2B

By, 28,

ap 00

Sym. (u an 0

00 ag

000
000
000

000
000
000

an —ian 0
—ioy —an 0

0 0

0 a 0 0 o
0 —iog 0 0 o
g —iony 0 oy iogs 0

000 000
000 000
000 000

0

0 A0
6/m(A,) [| =4 0 0

000 000
000 000
000 000

000
000
000

0 —An
0 iAs
Az —idy 0

00 Ay
00 —idy
Az ids 0

000 000
000 000
000 000

000

6/m’ (A,) <ﬂ 00

000

0 A3 0 000
A 00 000
0 00 000

000
000
000

000 000
000 000
000 000

0 Ay
0 idy
Ay —idg 0

00 Ay
00 —idy
Ay idy 0

000

6 /m' (B,) 000
000

000
000
000

0 A0
A 00
0

0 —Ay

idg
0

000 000
000 000
000 000

000 000
000 000
000 000

000

6 /m (B.) <u 00

000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000

000
000
000
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TABLE 25: The Raman tensors of the point group 622 (Dg) and corresponding MPGs.

622 (DG) A1 A2 Bl 32 E1 Ez
0 0 a1 ann 00
0 0 0 0 *0&1110
01110 0 000 000 000 0411300 0 0 0
Sym. 0 ayy 0 000 000 000
0 0 agp 000 000 000 00 0 0 om0
0 0 a3 aj;n 00
00&113 0 0 0 0
0 0 Ais 000
0 0 0 000
000 0 A 0 000 000 Ay 00 000
622 (A;) 000 —A;z 0 0 000 000
000 0 00 000 000 0 0 0 000
0 0 Ais 000
0 —Ans 0 000
0 0 0 000
0 0 A 000
0 Ap 0 000 000 000 0 —Aps 0 000
622" (A2) [S]|[ —412 0 0 000 000 000
0 0 0 000 000 000 0 0 —Ay 000
0 0 0 000
A3 0 0 000
000 0 0 A
000 0 0 0
000 000 000 0 A 0 000 A 00
6'2'2 (By) 000 000 000 —A;, 0 0 ‘
000 000 000 0 00 000 c o0 0
000 0 0 —Ans
000 0 Az 0
000 0 0 0
000 0 0 A
000 000 0 Ap 0 000 000 0 —Aps 0
6'22" (Bs) 000 000 —A;, 0 0 000 ‘
000 000 0 0 0 000 000 0 0 Aws
000 0 0 0
000 —Ap3 0 0
TABLE 26: The Raman tensors of the point group 6mm (Cs,) and corresponding MPGs.
6mm (Cey) Ay Ay By Bsy By Es
0 0 0 111 0 0
o 00 000 000 000 0 o b o T o
Sym. 0 an 0 000 000 000
0 0 as 000 000 000 00— 0 o1 0
0 0 0 111 0 0
*01230 0 0 0 0
0 0 0 000
0 0 A 000
000 0 A; 0 000 000 0 —Aps 0 000
6mm (A;) 000 —A;s 0 0 000 000
000 0 0 0 000 000 88—1‘(1)123 888
Az 00 000
0 0 Aus 000
0 0 0 000
0 A 0 000 000 000 A 00 000
em'm’ (A2) ]| =4 0 0 000 000 000
0 00 000 000 000 00 0 000
0 0 A 000
0 —Ans 0 000
000 0 0 0
000 0 0 A
000 000 000 0 Ap 0 000 0 —Aps 0
6'mm’ (B:) 000 000 000 —Aiy 0 0
000 000 000 0 00 888 8 gAézd
000 —Ap3 00
000 0 0 A
000 0 0 0
000 000 0 Ap 0 000 000 Az 00
6'm'm (Bs) 000 000 —Ai 0 0 000 ‘
000 000 0 0 0 000 888 88 j
—41113
000 0 Az 0
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TABLE 27: The Raman tensors of the point group 6m2 (Ds;,) and corresponding MPGs.

6m2 (Dsp) Al AY Al 5 E' E"
Q111 0 0 0 0 anis
0 7(11110 0 0 0
C¥110 0 000 000 000 0 0 0 0(1130 0
Sym. 0 ai; 0 000 000 000
0 0 as 000 000 000 0 - 0 0 0 0
—a;;1 00 0 0 —oa3
0 0 0 0—0&113 0
0 0 0
000 000 0 A;p 0 000 000 000 Ay 00
6m2 (4}) 000 000 —A1, 0 0 000 000 000 ‘
000 000 0 00 000 000/ \000 0 0 0
0 0 —Ans
0 0 A
0 0 0
000 000 000 0 A0 A 00 000 000
6'm’2 (A7) 000 000 000 —Ap 0 0 000 000
000 000 000 0 00 0 0 0 000/ \000
0 0 Az
0 —-Ans O
0 0 0
0 0 Az
0 Ap 0 000 000 000 000 000 0 —Aps 0
6m'2" (A5) [S]|| -4 0 0 000 000 000 000 000
0 0 0 000 000 000 000 000 0 0 Aig
0 0 0
0 0 0 000
0 0 Aps 000
) 000 0 A0 000 000 0 —Aps 0 000
6'm2’ (AY) 000 ~A 0 0 000 000
000 0 0 0 000 000 0 0 —Ajp; 000
0 0 000
Appz 00 000

TABLE 28: The Raman tensors of the point group 6/mmm (Den) corresponding MPGs.

6/mmm (Den) Ay Ar Az, A B, B Ba, Baa B, En Es, Ea,
0 0 o 000 om0 0 000
00 0 000 0 —am 0 000
an 00 000 000 000 000 000 000 000 ans 0 0 000 o oo 000
Sym, 0 an 0 000 000 000 000 000 000 000
00 ay 000 000 000 000 000 000 000 00 0 000 0 —am 0 000
00 am 000 o 00 000
0aus 0 000 0 0 0 000
0 0 Aug 000 000 000
0 0 0 000 000 000
000 000 0 A0 000 000 000 000 000 Az 0 0 000 000 000
6/mmm (A1) 000 000 Az 00 000 000 000 000 000
000 000 000 000 000 000 000 000 0 0 0 000 000 000
0 0 A 000 000 000
0 —Ans 0 000 000 000
000 0 0 Aug 000 000
000 0 0 0 000 000
) 000 000 000 0 A 0 000 000 000 000 000 Aus 0 0 000 000
6/m'm'm’ (A, ) 000 000 000 A 00 000 000 000 000
000 000 000 000 000 000 000 000 000 0 0 0 000 000
000 00 A 000 000
000 0 —Ans 0 000 000
0 0 0 000 000 000
) 00 Ay 000 000 000
0 A0 000 000 000 000 000 000 000 0 —Aps 0 000 000 000
6/mm'm’ (Aa,) [S]| | =4z 0 0 000 000 000 000 000 000 000
000 000 000 000 000 000 000 000 0 0 —Aiy 000 000 000
00 0 000 000 000
Az 00 000 000 000
000 0 0 0 000 000
000 00 Ay 000 000
6/m'mm 000 0 Ao 000 000 000 000 000 000 000 0 —Aus 0 000 000
(/1 000 Az 00 000 000 000 000 000 000 *
Azu) 000 000 000 000 000 000 000 000 000 00 —Aiy 000 000
000 00 0 000 000
000 Az 00 000 000
000 000 0 0 A 000
000 000 0 0 0 000
000 000 000 000 000 000 0 A0 000 000 000 A 0 0 000
6 fm'm'm (Biy) 000 000 000 000 000 000 A 00 000
000 000 000 000 000 000 000 000 000 000 0 0 0 oboo
000 000 00 A 000
000 000 0 ~Aus_ 0 000
000 000 000 0 0 A
) 000 000 000 0 0 0
000 000 000 000 000 000 000 0 A0 000 000 000 “Aus 0 0
6 fmmm’ (Br.) 000 000 000 000 000 000 000 Az 00
000 000 000 000 000 000 000 000 000 000 000 0 0 0
000 000 000 00 A
000 000 000 0 —Aus 0
000 000 00 0
000 000 00 A
& ' mm’ 000 000 000 000 0 A0 000 000 000 000 000 0 Ay 0 000\ /000
000 000 000 000 Az 00 000 000 000 000]){oo00
(Bag) 000 000 000 000 0 00 000 000 000 000 000 00 —Aiy 000/ \0o0o
000 000 00 0
000 000 Az 00
000 000 00 0
000 000 00 A
000 000 000 000 000 0 Ao 000 000 000 000 000\ (000 0 A 0
6 fmm'm (Ba.) 000 000 000 000 000 Az 00 000 000 000]{o00
000 000 000 000 000 000 000 000 000 o000 000)\ooo 00 —Aiy
000 000 0 0 0
000 000 Az 00
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TABLE 29: The Raman tensors of the point group 23 (T) corresponding MPGs.

23 (T) A 'E ’E T
a; 0 0 (o781 0 0 aq1 0 0 0 0 0 0 0 ais 0 w93 0
Sym. 0 ann 0 0 (-1)*3an 0 0 —(-1)"3ay 0 0 0 as 0 0 0 a3 0 0
0 0 ap 0 0 —(—1)"Bay, 0 0 (—1)*Bay, 0 aps 0 ap3 0 0 0 0 0
000 000 000 0 0 0 0 0 —Ajs 0 A 0
23 (A) (000) (000 ()OO) <O 0 A123> ( 0 0 0 ) (—Alzg 0 0)
000 000 000 0 —Aps 0 Az 00 0 0 0
TABLE 30: The Raman tensors of the point group m3 (T}) and corresponding MPGs.
m3 (Th) A, A, 'E, 2E, B, g, T, T,
(o 0 0 ) (0 0 0)
0 0 ag 000
0 ag23 O 000
anp 00 000 [e5F1 0 0 [e3F1 0 0 000 000 0 0 ajs 000
Sym. ( 0 an 0 ) (0 0 0) 0 (—-1)*3ay, 0 ) ( 0 —(=1)Y3ay, 0 ) (U 0 U) (o 0 u) ( 0 0 0 ) (U 0 o)
0 0 an 000 0 0 (=1)Y3ay; 0 0 (=1)*3ay; 000 000 Q123 0 0 000
( 0 amo) (000)
apg 0 0 000
0 0 0 000
0 0 0 (0 0 0)
0 0 Apg 000
0 —Ajpz 0 000
(ooo) (000) (o 0) (000) (000) (000) ( 0 0—A123> (000)
m3 (Ay) 000 000 000 000 000 000 0 0 0 000
000 000 000 000 000 000 Az 00 000
( 0 A 0) (0 0 0)
—Ajps 0 0 000
0 0 0 000
(0 0 o) (0 0 0 )
000 0 0 Ajaz
000 0 —Ajpz 0
(ooo) (000) (000) (000) (000) (000) (000) ( 0 O—A.B)
m'3 (A,) 000 000 000 000 000 000 000 00 0
000 000 000 000 000 000 000 Az 00
(0 0 o) ( 0 A o)
000 —Aps 0 0
000 0 0 0
TABLE 31: The Raman tensors of the point group 432 (O) and corresponding MPGs.
432 (0) Ay As E Ty 15
000 0 0 0
000 0 0 a3
a0 0 000 0 aps O
0 am 0
Q11 0 0 000 0 0 720[111 000 0 0 123
Sym. 0 a1 O 000 000 0O 0 O
V3 0 0
0 0 ann 000 —Voaiil 000 aias 00
0 V3ai 0
000 123 0 0
000 0 0 0
0 0 0 000
0 0 Aqos 000
0 —Appz3 O 000
000 000 000 000 0 0 —Ajos 000
432’(A1) 000 000 000 000 0 0 0 000
000 000 000 000 Aoz 0 0 000
0 Aoz 0 000
—Aps 0 0 000
0 0 O 000
000 0 0 0
000 0 0 A
000 000 0 —A 0
000 123
000 000 000 000 0 0 —Aps
4'32" (As) 000 000 000 0 0 0
000 000 000 000 Az 00
000
000 000 0 A 0
000 —Ap3 0 0
000 0 0 0
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TABLE 32: The Raman tensors of the point group 43m (Ty) and corresponding MPGs.

0

)

o
o

00
00
00

000
000
000

0
0
0

coco

cococ coo

0
0 Aoz
0 —Apz 0

coolo

Zl3m (Td) A1 E T1 T2
000 0 0 0
000 0 0 ais
o 0 000 0 a0
a0
a;p; 0 0 0 —20n1 000 0 0 aiog
Sym. 0 ann O 00 000 0 0 0
0 0 an/[\00 —V3ain \/go 0 000 a1 0 0
o4
o 0 000 0 a0
000 123 0 0
000 0 0 0
0 000
0 000
0 000
~ 000 0 00 000 000
43m (A1) 00 00 000 000 000
00 0 000 A2z 0 000
000
—Aias 000
000
0 0 0
0 0 A
~ 000 0 00 000 000 000 000 0 0 —Ajs
4'3m’ [S] (Az) 00 00 000 000 000 000 000 0 0 0
00 0 000 000 000 000 A3 0 0
0 A 0
—Aps 0 0
0 0 0
TABLE 33: The Raman tensors of the point group m3m (O},) and corresponding MPGs.
m3m (Oy) At Asy E, Eu Ti, i Tog Tou
00 000 0 0 000
00 000 0 a2 000
o0 888 00) 000 (00123 0 ) (000)
an 0 0 000 0 O s 000 00 000 0 as 000
Sym. 0 an 0 000 0 00 000 00 000
0 0 an 000 0 —V3ain 0 0 g g g 00 000 23 0 0 000
‘/38'“18 000 00) 000 ( a1 0) (000)
00 000 o 00 000
00 000 0 0 000
0 0 000 00 000
0 A 000 00 000
gg ggg 0 —Aps 0 000 00) (ooo)
0 000\|[/0 0 00 000 0 —Auzs 000 00 000
m3m (Aug) 0 000 |[fo 0 0 0 000 00 000
( 0) (0 0 ()) 0 00 000 Az 00 000 0 0) (() 0 ())
00 000
00 000 ) f"(l)zs 0 8 8 g g g g 8
0 00 00 000
00 00 000
00 00 000
33 333 0 n) 00) (000)
000 000\|/000 0 00 000 00 00 000
m'3'm’ (A1) 0 000 000 0 00 00 000
( 0 000/|\ooo 0 000 888 00 00) (000
00 000 00 0 0) (() 00
00 00 000
i) |

. 000 000 000 000 00 0 0 —Ajas 000
m3m’ [S] (Aay) 000 000 000 0 000 0 0 0 000
000 000 000 0 00 000 000 0 Apg 0 0 000
00 000
00 000 000 ) 0 0 Avas 0 000
000 )00 —As 0 0 000
000 00 0 0 000
000 00 000 0 0 0
000 00 000 0 0  Aps
00 000 000 00 000 0 —Apz 0
00 000
0 000 0 00 000 000 )00 000 0 0 —Apy
m'3'm (As) 0 000 0 000 00 000 00 0
0 000 0 00 000 000 00 000 Ais 0 0
00 000
00 000 000 00 000 0 Aps 0
000 00 000 —Ais 0 0
000 0 000 0 0 0




