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Ø Brief introduction on spin point/space group

Ø Four index nomenclature and International notations

Ø Online program

Ø Generating SSG elements



Spin point group
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𝐺!"": nontrivial spin group
𝐺"#: spin only group

Collinear: 
𝐺!" = 𝑍#$ ⋉ 𝑆𝑂 2

253

Coplanar: 
𝐺!" = 𝑍#$

90

𝑍#$ = 𝐸, 𝑇𝑈𝒏 𝜋 = &1

𝑆𝑂 2 = 𝐸, 𝑈' 𝜙 = (1

Spin rotation Lattice rotation

Spin point group: 𝐺!"# = 𝐺$!!×𝐺!%
𝐺$!! = &!"𝑔'&!#𝑔(&!$𝑔)
&!%𝑔*: 𝑈+ 𝜙 , 𝑇𝑈+ 𝜙 ‖𝐶, 𝜃 , 𝐼𝐶, 𝜃

Noncoplanar: 
𝐺!" = 𝐸

598
D. B. Litvin, Acta Crystallogr. A 33, 279 (1977)
P. Liu, Q. Liu*, et al. Phys. Rev. X 12, 021016 (2022)



Spin space group
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𝐺!"": nontrivial spin group
𝐺"#: spin only group

Spin rotation Lattice rotation

Spin space group: 𝐺!!# = 𝐺$!!×𝐺!%
𝐺$!! = &!"𝑔'&!#𝑔(&!$𝑔)
&!%𝑔*: 𝑈+ 𝜙 , 𝑇𝑈+ 𝜙 ‖𝐶, 𝜃 , 𝐼𝐶, 𝜃 |𝜏
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Nomenclature (four-index & International Notation)
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four-index nomenclature (𝐿2. 𝐺2. 𝑖3. 𝑚) 𝑖) = 𝑃 𝐺* / 𝑃 𝐿* , 𝑖+ = 𝑇 𝐺* / 𝑇 𝐿* , 𝑥: 𝑖𝑛𝑑𝑒𝑥

Space group 𝐺 = 𝐵𝑔,𝑔#𝑔-
t-type SSG: 𝑖+ = 1 ⟹ 𝐺.!! = 𝐵/!"𝑔,/!#𝑔#/!$𝑔-

Spin-only group
collinear: G!"# = 𝑍$%⊗𝑆𝑂 2 = (&1
coplanar: G!"

& = 𝑍$% = '1
noncoplanar: G!"( = 1 (omitted)

structure

Group 65.136.1.1 𝐺* = 𝑃4#/𝑚𝑛𝑚
(136)

𝐿* = 𝐶𝑚𝑚𝑚
(65)

𝐺0 = −1
𝑖) = 2, 𝑖+ = 𝟏

𝑃EF4G/F𝑚EF𝑛F𝑚H𝒎𝟏

International notation (𝐺2 basis)



Nomenclature (four-index & International Notation)
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Space group 𝐺 = 𝐵𝑔,𝑔#𝑔-
k-type SSG: 𝑖) = 1 ⟹ 𝐺.!! = 𝐵 	

,𝑔, 	
,𝑔# 	

,𝑔- 	
/!"𝜏, 	

/!#𝜏# 	
/!$𝜏-

structure

Group 99.107.4.1 𝐺* = 𝐼4𝑚𝑚
(107)

𝐿* = 𝑃4𝑚𝑚
(99)

𝐺0 = 4
𝑖) = 1, 𝑖+ = 4

International notation (𝐿2 basis)

𝑃F4F𝑚F𝑚L!!"" 1/2 1/2 1/4 𝒎𝟏

𝑖) = 𝑃 𝐺* / 𝑃 𝐿* , 𝑖+ = 𝑇 𝐺* / 𝑇 𝐿* , 𝑚: 𝑖𝑛𝑑𝑒𝑥four-index nomenclature (𝐿2. 𝐺2. 𝑖3. 𝑚)

Spin-only group
collinear: G!"# = 𝑍$%⊗𝑆𝑂 2 = (&1
coplanar: G!"

& = 𝑍$% = '1
noncoplanar: G!"( = 1 (omitted)



structure

Group 47.225.4.2 𝐺* = 𝐹𝑚N3𝑚
(225)

𝐿* = 𝑃𝑚𝑚𝑚
(47)

𝐺0 = −43𝑚
𝑖) = 6, 𝑖+ = 4

Nomenclature (four-index & International Notation)
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Space group 𝐺 = 𝐵𝑔,𝑔#𝑔-𝑡2𝑡3𝑡4𝑏,𝑏#𝑏-
g-type SSG: 𝐺.!! = 𝐵 	

/!"𝑔, 	
/!#𝑔# 	

/!$𝑔-| 𝑔0% , 𝑔0& , 𝑔0'; 𝑔0( , 𝑔0) , 𝑔0*

International notation (𝐺2 basis)

𝐹F𝑚U"""" .3V!"#"𝑚| 1,1,1; 222F, 22F2, 2F22

𝑖) = 𝑃 𝐺* / 𝑃 𝐿* , 𝑖+ = 𝑇 𝐺* / 𝑇 𝐿* , 𝑚: 𝑖𝑛𝑑𝑒𝑥four-index nomenclature (𝐿2. 𝐺2. 𝑖3. 𝑚)

Spin-only group
coplanar: G!"

& = 𝑍$% = '1
noncoplanar: G!"( = 1 (omitted)
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Identification of spin space group
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Interactive online program: findspingroup.com

Step 1: find 𝐺5 and 𝐺! describing lattice and magnetic geometry, respectively
Step 2: find operations in 𝐺5×𝐺! that leaves the magnetic structure invariant
Step 3: find the 𝐺!" and 𝐺.!, then output

http://findspingroup.com/


Identification of spin space group
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Interactive online program: findspingroup.com

3.7 NpBi

1. input mcif / cif

2. tolerance in finding SSG

3. Position and magnetic moments of each 
atom in the unit cell. (in lattice coordinates)

http://findspingroup.com/


Identification of spin space group
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Interactive online program: findspingroup.com

Magnetic cell in 𝐺* basis
𝐺* basis: t, g-type ; 𝐿* basis: k-type

𝐹!𝑚"!!!
! &3#"!!𝑚| 1,1,1; 2$$!, 2$!$, 2!$$

𝐺!! = 𝐺.!×𝐺!"

Magnetic
Phase

Spin
Splitting

Anomalous
Hall effect

In progress: Symmetry-restricted Tensors …

All group elements
are also given in list.

http://findspingroup.com/


All known magnetic structures in MAGNDATA
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SSGs in International Notations
nontrivial SSG 𝐺.!
spin-only group 𝐺!"

four-index nomenclature of
nontrivial SSG 𝐺.!

Link towards MAGNDATA

1978 commensurate magnetic materials (now)
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t-type SSG 65.136.1.1
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1. Generate SSG from HM-notation

𝐺! 𝐺" (in 𝐺" basis, 𝜏#= (1/2, 1/2, 1/2))

1 1 0 , 2##" 0 , 2#$#" 0 , 2""# 0 , −1 0 , 𝑚##" 0 , 𝑚#$#" 0 , 𝑚""# 0

−1 4""## 𝜏# , 4""#% 𝜏# , 2#"" 𝜏# , 2"#" 𝜏# , −4""## 𝜏# , −4""#% 𝜏# , 𝑚#"" 𝜏# , 𝑚"#" 𝜏#

65 Cmmm 136 P42/mnm

𝐺! 𝐺" (in 𝐿" basis, 𝜏&= (1/2, 0, 1/2))

1 1 0 , 2"#" 0 , 2#"" 0 , 2""# 0 , −1 0 , 𝑚"#" 0 , 𝑚#"" 0 , 𝑚""# 0

−1 4""## 𝜏& , 4""#% 𝜏& , 2##" 𝜏& , 2#$#" 𝜏& , −4""## 𝜏& , −4""#% 𝜏& , 𝑚##" 𝜏& , 𝑚#$#" 𝜏&

body basis H-M notation
𝐺* 𝐺* 𝑃6,4#/,𝑚6,𝑛,𝑚

𝐺*𝐿*



t-type SSG 47.221.1.2
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Table S13

𝐺! 𝐺"
1 1,2#"", 2"#", 2""#, −1,𝑚#"", 𝑚"#", 𝑚""#

3""## 3#### , 3#$### , 3#$#$## , 3##$## , −3#### , −3#$### , −3#$#$## , −3##$##

3""#& 3###& , 3#$##& , 3#$#$#& , 3##$#& , −3###& , −3#$##& , −3#$#$#& , −3##$#&

𝑚"#" 2##", 2#$#", 4""## , 4""#% , 𝑚##", 𝑚#$#", −4""## , −4""#%

𝑚'/) 2"##, 2"#$#, 4#""# , 4#""% , 𝑚"##, 𝑚"#$#, −4#""# , −4#""%

𝑚*'/) 2#"#, 2#"$#, 4"#"# , 4"#"% , 𝑚#"#, 𝑚#"$#, −4"#"# , −4"#"%

body basis H-M notation
𝐺* 𝐺* 𝑃,𝑚-++"" −3&+"+𝑚

1. Generate SSG from HM-notation

47 Pmmm 221 Pm-3m



k-type SSG
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1. Generate SSG from HM-notation

99 P4mm 107 I4mm

𝐿* 𝑏𝑎𝑠𝑖𝑠: 	𝐼4𝑚𝑚/𝑃4𝑚𝑚 = 1 1 0 + 4**,, ‖1 1/2 1/2 1/4 + 2**,‖1 0 0 1/2 + 4**,- ‖1 1/2 1/2 3/4

body basis H-M notation
𝐿* 𝐿* 𝑃,4,𝑚,𝑚7++"" (1/2 1/2 1/4)

𝐿" 𝑏𝑎𝑠𝑖𝑠: 𝑃 − 6/𝑃 − 6 = 1 1 0 + 3""## ‖1 2/3 1/3 0 + 3""#& ‖1 1/3 2/3 0

𝐺" 𝑏𝑎𝑠𝑖𝑠: 𝑃 − 6/𝑃 − 6 = 1 1 0 + 3""## ‖1 1 0 0 + 3""#& ‖1 1 1 0

𝐺*

𝐿*



g-type SSG 4.182.4.2
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𝐺! 𝐺+
1 1 0 , 2""# 0 0 1/2

3$##$## 3""## 0 , 6""#* 0 0 1/2

3$##$#& 3""#& 0 , 6""## 0 0 1/2

𝑚$#"# 2##" 0 , 2#$#" 0 0 1/2

𝑚##" 2#"" 0 , 2#&" 0 0 1/2

𝑚"## 2"#" 0 , 2&#" 0 0 1/2

Spin translation group

𝐺,! 𝐺,
1 1 2 2 1

2""# 1 1 0 0

2#"" 1 0 1 0

2"#" 1 1 1 0

body basis H-M notation
𝐺* 𝐺* 𝑃-,"","" 6-&""+2&+""2| 2**,, 2,**, 1


