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@ IR2PW  Public @ Watch 1 ~

¥ main ~ ¥ 1Branch © 0 Tags Q Go to file t Add file ~ <> Code ~
[]
| ‘ n St a ‘ | a t | O ﬂ AliceSato The IRVSP library is linked to DFT codes: QE, VASP al423bc - 2 months ago @ 167 Commits
0O IRphx.sh to prepare ph.x input and collect wavefunction 6 months ago

[_f] README.md about IR2ZPW and IR2TB 5 months ago
1 I . b . b 2 2 B R 0O fe2hr.py to convert ph.fc to phonon TB phhr_cm1.dat 6 months ago
) - p_ ) p 0 lib_irrep_bes.tar.gz The IRVSP library is linked to DFT codes: QE, VASP 2 months ago

$ tar -zxvf lib_irrep_bcs.tar.gz $ tar -zxvf src_pos2aBR.tar.gz o sewswec to convertsctout (0 to thbarcn 9 months ago
$ cd lib_irrep_bcs $ cd src_pos2aBR D) src i2pu. qetarge with anintefaceto QF 9 months ago
$ ./configure.sh $ ./configure.sh D src.izpn.vasparz
$ make $ source ~/.bashrc D st fetargs W nteface o Waniers0/PhonenTe menthe soe
$ Cd / $ make [ src_ir2tb_ph.tar.gz with an interface to TB/Phonon wavefunctions 6 months ago
$ Cd / [ wechatgroup.jpg WeChat group last year
3) irvsp 4) ir2tb ¥ main < | § 16ranch © 0Tage Q Goto e
$ tar -zxvfsrc_ir2pw_vasp.tar.gz  $ tar -zxvf src_ir2tb_hr.tar.gz
$ cd src_ir2pw_vasp $ cd src_ir2tb_hr s s R
$ make $ make B ResomEms
$ Cd / $ Cd / [ src_pos2aBRtar.gz Standardize the POSCAR and generate aBR. 4 years ago
5) ir2pw 6) ir2ph
$ tar —zxvf src_ir2pw_ge.tar.gz $ tar -zxvf src_ir2tb_ph.tar.gz
$ cdsrc_ir2pw_ge $ cd src_ir2tb_ph
$ make $ make
$ cd./ $ cd./

@ zjwang1l Update README.md beBf315. 3 yearsago L5 73 Commits

https://github.com/zjwang11/IR2PW
https://github.com/zjwangl1l/UnconvMat



https://github.com/zjwang11/UnconvMat
https://github.com/zjwang11/IR2PW

2 Calculate the Sls of NonMagnetic
Topological materials

* Based on topological quantum chemistry theory, we can calculate the
irreducible representations (lrreps) at several high-symmetry k-points
(HSKPs) to diagnose whether the band structure of a material is
topological.

* |[f the Irreps of all occupied bands cannot be decomposed as a sum of
elementary BRs (EBRS), this material is topological.

* Here we take Bi,Se; and Snse as examples to introduce how to
calculate Irreps to solve EBR/ABR decompositions and the
compatibility relationship (CR) and symmetry indicators (Sls) to
diagnose topological materials.



2.1 Bl,Se,

* Here we take the topological material
Bi,Se,; as an example to introduce how
to calculate Irreps to solve the CR and
calculate the SlIs to diagnose
topological materials.

Band structure for Bi,Se; with SOC
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Nature Physics volume 5, pages438-442 (2009)



Step 1

1) Prepare the original POSCAR file (taking Bi,Se; as an example).
2) $ phonopy --symmetry --tolerance 0.01 -c POSCAR

phonopy_version: '2.20.0'

$ vim PPOSCAR space_group_type: 'R-3m'
space_group_number: 166
“POSCAR’ “PPOSCAR’ point_group_type: "-3m
Bi2 Se3 generated by phonopy
1.0 1.0
2.0669999122654712 1.1933829557614029 9.5433330536000032 2.0669999122654712 1.1933829557614026 9.5433330536000014
-2.0669999122654712 1.1933829557614029 9.5433330536000032 -2.0669999122654712 1.1933829557614026 9.5433330536000014
0.0000000000000000 -2.3867659115228057 9.5433330536000032 -0.0000000000000001 -2.3867659115228053 9.5433330536000014
Bi Se Bi Se
23 2 3
Direct Direct
0.3980000423333330 0.3980000423333330 0.3980000423333331 0.3980000423333330 0.3980000423333333 0.3980000423333333
0.6019999576666670 0.6019999576666670 0.6019999576666668 0.6019999576666670 0.6019999576666669 0.6019999576666670
0.0000000000000000 0.0000000000000000 0.0000000000000000 0.0000000000000000 0.0000000000000000 0.0000000000000000
0.7919999939999998 0.7919999939999998 0.7919999939999998 0.7919999939999998 0.7919999940000000 0.7919999940000000

0.2080000060000003 0.2080000060000003 0.2080000060000003 0.2080000060000002 0.2080000060000005 0.2080000060000004



Step 2

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

1)
3) POSZMSG (conyerting PPOSCAR to PC%CA _msg and initializing MAGMOM on magnetic atoms)
#sG (1-230)(% 1) #msc (1~16510L___|J0G setting)

{*paﬂePPDSCARmew*}

3 .
) genTrE'ted by phonopy “ 1) Give the Space group numbel’(SG) from
2. 0669999122654 712 1. 1933829557614026 9, 5433330538000014 phonopy 166

-2, 06699501 22604712 1. 193382950T614026 9. 5433330636000014
—0.0000000000000001 -2, 3B6TA59115228053 9. 5433330536000014

B1 ge ; 2) Give any reasonable magnetic space group
Direct (MSG) number, such as 1.

3980000423333333 0. 3980000423333333
. 6019958576666660 0. 60109995TAEE6670
. 0000000000000000 0. 0000000000000000 3) Paste PPOSCAR into this box.
. 7919993940000000 0. 7919999940000000

2080000060000005 0. 2080000060000004

0. 3980000425333330
0. GO199995TEEE66T0
0. 0000000000000000
0. T919995550099945
0. 2080000060000002

[ T s s I e Y

skki

\

—_— 4) Press POS2MSG button.
4) [Fosawsc)



https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 3

The OG magnetic space group number do not match with the given space group number.
Possible OG magnetic space group numbers are given below:
e ]=

1329, type 3

1330, type 3

1331, type 3

1332, type 4

1333, type 4

Nonmagnetic materials are the type-2 MSGs, which include time reversal operation.



Step 4

Open the web: https://tm.iphy.ac.cn/TopMat_1651msg.html

3) POS2MSG (%2: arting PPOSCAR to PDE& -mea and initializing MAGMOM on magnetic atoms)
(s (Qize |

#5G (1-23ch: 1186 ) #MSG (1~1651)
(* paste PPOSCAR below *)

3) enerated by phonopy
1.0
2. 06699991 22604712
—2. 06699991 22604712
—0. 0ooooooooooaannl
Ei Se
2 3
Direct
0. 3930000423333330
0. 0199990 TEAARATO
0. aoooooooooonooon
0. 7919999939999933

e T e Y s Y o Y e

1. 19338320657614026 9. 5433330536000014
1. 19338320657614026 9. 5433330536000014
-2, 3B6TEEY1152280563 9. 5433330536000014

. 3980000423333333
LGO199895TREEEEGY
. Dogaaooooaaooaon
. 7919353540000000
. 2080000060000005

0.39830000423333333
0. 60195995 T66666T]
0. 0000ooo0a0ooa0an
0. T913593940000000
0. 2080000060000004

JG setting)

_ 0- 2080000060000002
4) (PosamsG?)
—

1) Give the correct space group (SG) number: 166.

2) Give the correct magnetic space group(MSG)
number: 1328.

3) Paste PPOSCAR into this box.

4) Press POS2MSG button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 5

POSCAR msg:

SG#B 166 OG ( 166.2.1328) BNS ( 166.98)
1.0
2.06699991226547  1.19338295576140  9.54333305360000
-2.06699991226547  1.19338295576140  9.54333305360000
_0.00000000000000  —2.38676591152281  9.54333305360000 VVE Can get the standard POSCAR
3 (POSCAR_msg) and some setting
irect
’ 0.39800004233333  0.39800004233333  0.39800004233333 oarameters of INCAR and KPOINTS.
0.60199995766667  0.60199995766667  0.60199995766667
0.00000000000000  0.00000000000000  0.00000000000000
0.79199999400000  0.79199999400000  0.79199999400000 A
0.20800000600000  0.20800000600000  0.20800000600000 All space groups’ high-symmetry k-
— points (HSKPs) can be found on:
LSORBIT = T . I I
LSORRIT - T h_ttps.//g|thub.com/ZJwan911/IR2PW/
SA¥TIS = 00 1
SAXIS — 0 0 1 lib_irrep_bcs/max_KPOINTS_VASP/
KPOINTS :
MKPOINTS used for magnetic space group
4 .
rec Then we do VASP calculations to get
0.00000000  0.00000000  0.00000000 1.0 1 oM ,
0.50000000  0.50000000  0.50000000 1.0 | T wavefunctions of these HSKPs.
0.50000000  0.50000000  0.00000000 1.0 | F
0.00000000  0.50000000  0.00000000 1.0 1 L



/ | The number of valence electrons in Bi,Se; is 48

$irvsp -sg 166 |-nb 1 48|> outir
$ vim tgc.data

After running IRVSP to get lrreps of
HSKPs, the tgc.data file is generated.

“tgc.data”

166 4 48
1 7891011121211 7 811 910121112111211121112 91011 7 812 91011

2 (891011121211 7 811 9101211121112111212 910111212 910 7 811
45678567856 7856/7/78785656/785678567856/7878567787856738
55678567856 /7/785678/7/78565656787/7856787856/785656787878

Format of tgc.data

#SG (space group number) #nk (number of HSKPs) #nb (number of bands)
HSKP#1 Irrep(HSKP#1)#1 Irrep(HSKP#1)#2 -
HSKP#2 Irrep(HSKP#2)#1 Irrep(HSKP#2)#2 -



Step 7

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

6) solve campati%?i elations (CR) and calculate symmetry indicators (SI) in 1651 magnetic space groups (using tqc.data).

-

1) #MSG 0G setting)
3 3t N #1
’ ™
166 4 48
1 7 8 91011121211 7 811 91012 11 12 11 12 11 12 11 12 910 11 7 812 9 10 11
2 7 8B 91011121211 7 811 81012 11 12 11 12 11 1212 91011 1212 910 7 8 11
4 5 6 78 5 6 7856 7865 & 7T S8 78 5 66 &7 8656 78 65 67T 866 78 78 65 678 7T 8 5 & T 8
F 5 6§ 78 5 6 78 5 6 78 5 & 7T 8 78 5 665 &5 6 78 78 65 67T 87 8 56 7 8 65 65 6 7T 8 T8 T 8
d
otecvalid for 1651 magnetic space groups with spin-orbit coupling ! : -
30 Cons cr Do not. iti - 1) Paste tgc.data into this box.
jif not, it is a symmetry enforced semimetal)
4

2) Give the MSG number: 1328.
3) Press solve_CR button.

4) Press cal_S| button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 8

solve_CR: cal_Sl
The input data is calculated with spin-orbit coupling. The input data is calculated with spin-orbit coupling.
Satisfy CR z2=0,z4-1,

We can see that Bi,Se; satisfies the CR, and its Sl is Z4=1,
so we can diagnose that it Is a topological insulator.



2.2 Snle

iTel  ZSEmOm) TSR T <0 e 0Zons 0,240,230, 7~
* Here we take the nonmagnetic material -
SnTe as an example to introduce how B
to calculate Irreps to solve the CRand
calculate the Sls to diagnose O T e 7 NN N N
topological materials.

www.topologicalquantumchemistry.com/#/detail/601065y.com



Step 1

1) Prepare the original POSCAR file (taking SnTe as an example).
2) $ phonopy --symmetry --tolerance 0.01 -c POSCAR
$ vim PPOSCAR

) ) phonopy_version: '2.20.0'
POSCAR space_group_type: 'Fm-3m'
space_group_number: 225

sy Te point_group_type: 'm-3m'

1.0000000000000000
6.3010000000000002 0.0000000000000000  0.0000000000000000
0.0000000000000000  6.3010000000000002  0.0000000000000000

0.0000000000000000  0.0000000000000000  6.3010000000000002 “PPOSCAR”
Sn Te
4 4
Cartesian generated by phonopy
0.0000000000000000 0.0000000000000000 0.0000000000000000 1.0
0.0000000000000000 3.1505000000000001 3.1505000000000001 0.0000000000000000  3.1504999999999996 3.1504999999999996
3.1505000000000001 0.0000000000000000 3.1505000000000001 3.1504999999999996  0.0000000000000000  3.1504999999999996
3.1505000000000001 3.1505000000000001 0.0000000000000000 3.1504999999999996  3.1504999999999996 0.0000000000000000
3.1505000000000001 3.1505000000000001 3.1505000000000001 SnTe
3.1505000000000001 0.0000000000000000 0.0000000000000000 1 1
0.0000000000000000 3.1505000000000001 0.0000000000000000 Direct
0.0000000000000000 0.0000000000000000 3.1505000000000001 0.0000000000000000 0.0000000000000000 0.0000000000000000

0.5000000000000000 0.5000000000000000 0.5000000000000000



Step 2

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

3) POS2MSG ((::I'c) erting PPOSCAR to POS%) R _m and initializing MAGMOM on magnetic atoms)
#5G (1 ~230 #MSG (1~1650: 1 )(OG setting)

* Lpar *
3) (-FFW ) ~\

generated by phonopy Y
1.0
0. 0000000000000 3. 15040999999399996 3. 15049999950009996
3. 1504993993399 56 0, QOA00A0AA0A0A000 3. 150499599 5055955 ; .
o 1504999999999996 3. 1504999999999996 0. 0000000000000000 1) lee the CorreCt Space group (SG) number' 58
on Te
1 1 . .
Direct 2) Give any reasonable magnetic space group
0, QOQO0Q0QA0A00000 0, Q0QA0A0Q00Q00A00 0, Q0000000000000 v (MSG) number SUCh as 1

\ [l WTNTATATATATATA TR T T T TN Ta A I YT AT TR T AT TR T TN T T ATl I ATt AT TR TR TR TN T T AT AT aTaT|
r
4) (eosamsc |)

3) Paste PPOSCAR into this box.

4) Press POS2MSG button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 3

The 0G magnetic space group number do neot match with the given =pace group number.
Pos=ible OG magnetic space group numbers are given below:

1618, tyvpe 1
1619, type 2
b0, type

1621, type 3
1622, type 3

Nonmagnetic materials are the type-2 MSG.



Step 4

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

3) POS2MSG ((:.It)ﬂv ing PPOSCAR to POge R_msqg and initializing MAGMOM on magnetic atoms)
#5G (1~23001225  [)  #MSG (1~16511161% | JOG setting)

(* paste PPOSCAR below *)

3) generated by phonopy

1.0
0, 00000000000 00000 3, 1804999999999994 3, 1804999999999994
3, 1504999999995995 0, 00000000000 00000 3, 1504999999995995
3. 15045999999995995 3. 15045999999995995 0, 00000000000 00000

k

1) Give the correct space group (SG) number: 58.

50 IE , 2) Give the correct magnetic space group (MSG)
Direct number: 1619.

0, QQQAAAAAAAAAAAAAT 7, QOAAAAAAAAAAAQAQAD O, QOAAAAAAOAAAA000
\ 0, 500000 0, FOAAAAAAAAAAAQAQAD 0, FOAAAAAAAAAAAA00

4) ( POS2MSG ) 3) Paste PPOSCAR into this box.

N, ¢ G

4) Press POS2MSG button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

POSCAR msg:
SG#B 225 OG

1.

0

0.00000000000000

225.2.1619)

BNS (

.15050000000000

3
3.15050000000000 0.00000000000000
3

3.15050000000000

Sn Te
1 1
Direct

0.00000000000000
0.50000000000000

INCAR.:
LSORBIT = T
LNONCOLLINEAR

SEXIs =001
MAGMOM=300*0.0

KPOINTS:
MKPOINTS used for magnetic space group

4
rec

0.00000000
0.50000000
0.50000000
0.50000000

oo

0.00000000
0.00000000
0.50000000
0.25000000

.15050000000000

.00000000000000
.50000000000000

0.00000000
0.50000000
0.50000000
0.75000000

Step 5

225.117)

3.15050000000000
3.15050000000000
0.00000000000000

0.00000000000000
0.50000000000000

1.0 I GM
1.0 I X
1.0 ' L
1.0 ' W

We can get the standard
POSCAR (POSCAR_msg) and
some setting parameters of
INCAR and KPOINTS.

Then we do VASP calculations.



$irvsp -sg 225|-nb 1 10|> outir
$ vim tgc.data

“tgc.data”

225 4 10
111111316
21111131314
3121111 7 812
5S6 7767

Format of tgc.data

#SG (space group number) #nk (number of HSKPs) #nb (number of bands)
HSKP#1 Irrep(HSKP#1)#1 Irrep(HSKP#1)#2 -
HSKP#2 Irrep(HSKP#2)#1 Irrep(HSKP#2)#2 -



Step 7
Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

2)
ions (CR) and calculate symmetry indicators (SI) in 1651 magnetic space groups (using tqc.data).

6) solve compatibiliberels
1) TP

A
111 11 13 16 '
v

2 11 11 13 13 14
312111 7T o812
5 &6 7T T 6 7

3) Note: valid for 1651 magnetic space groups with spin-orbit coupling !
(| solve_CR |Uf not, it is a symmetry enforced semimetal)
4 1) Paste tgc.data into this box.

‘ cal_Sl .
2) Give the MSG number: 1619.
3) Press solve_CR button.

4) Press cal_S| button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 8

Compound: Symmetry Group: Topological Status (Type): Topological indices:
Sn1 Te1 225 (Fm-3m) Tl (SEBR) Zow1=0,Z9y2=0,2243=0,24=0,2,=0,Z3= 4
solve_CR: cal_SI:

The input data is calculated with spin-orbit coupling.

The input data is calculated with spin-orbit coupling. 78-4
=0

Satisfy CR

Consistent with the Sls on the website

topological



3 Calculate the Sls of Magnetic Topological
materials.

* Using the CRs and magnetic BRs (MBRs), we reproduce the symmetry-
based classifications for MSGs, and we obtain a set of Fu-Kane-like
formulas of the symmetry indicators (Sls) in both spinless (bosonic) and
spinful (fermionic) systems, which are implemented in an automatic
code—TOPMAT—to diagnose topological magnetic materials.

* Here we take the magnetic material Eusln,As, (AFMc and AFMb)as
examples to introduce how to solve the CR and calculate the Sls to
magnetic topological materials.

https://tm.iphy.ac.cn/TopMat 1651msg.html

PHYSICAL REVIEW B 106, 035150 (2022)


https://tm.iphy.ac.cn/TopMat_1651msg.html

3.1 Eusln,As,-AFMC

The band structures of Eu,ln,As, for the
magnetic configuration AFMc

(d) ; AFMc

Y ERIN

* Here we take the magnetic material
Eusln,As, (AFMCc) as an example to 0.5
Introduce how to calculate Irreps to solve ¢
the CR and calculate the Sls to diagnose &
magnetic topological materials. 2

-0.5

arXiv:2403.07637(2024)



Step 1

1) Prepare the original POSCAR file (taking Eusln,As, as an example).
2) $ phonopy --symmetry --tolerance 0.01 -c POSCAR
$ vim PPOSCAR

13 "
PPOSCAR
1} 13
POSCAR
generated by phonopy
10

EulnAs

G 6.8299999237000000 0.0000000000000000 0.0000000000000000
0.00000000000000 16.50670051570000 0.00000000000000 . \ : : :
0.00000000000000  0.00000000000000  4.41020011900000 phonopy_version: '2.20.0 Eu6ln 25 .

Eu In As space_group_type: ‘Pnnm’ .

6 4 8 = = Direct

Ditect space_group_number: 58 0.0000000000000000 0.5000000000000001 0.0000000000000000

- . . 0.5000000000000000 0.0000000000000000 0.5000000000000001

0.00000000000000  0.50000000000000  0.00000000000000 point_group_type: ‘'mmm 0.7082099910000000 0.6982700230000001 0.0000000000000000
0.50000000000000  0.00000000000000  0.50000000000000 : - :
0.70820999100000 0.69827002300000 0.00000000000000 0.2917900090000000 0.3017299770000001 0.0000000000000000
0.29179000900000 0.30172997700000 0.00000000000000 0.7917900090000000 0.1982700230000001 0.5000000000000001
0.79179000900000 0.19827002300000 0.50000000000000 0.2082099909999999 0.8017299770000003 0.5000000000000001
0.20820999100000 0.80172997700000 0.50000000000000 0.3603799940000000 0.5863000150000001 0.5000000000000001
0.36037999400000 0.58630001500000 0.50000000000000 0.6396200060000000 0.4136999850000002 0.5000000000000001
0.63962000600000 0.41369998500000 0.50000000000000 0.1396200060000000 0.0863000150000000 0.0000000000000000
0.13962000600000 0.08630001500000 0.00000000000000 0.8603799940000000 0.9136999850000003 0.0000000000000000
0.86037999400000 0.91369998500000 0.00000000000000 0.7460399870000000 0.5697000030000001 0.5000000000000001
0.74603998700000 0.56970000300000 0.50000000000000 0.2539600130000000 0.4302999970000001 0.5000000000000001
0.95396001300000 0.43029999700000 0.50000000000000 0.7539600130000000 0.0697000029999999 0.0000000000000000
0.75396001200000 0.06970000300000 0.00000000000000 0.2460399870000001 0.9302999970000002 0.0000000000000000
0.24603998700000 0.93029999700000 0.00000000000000 0.2332900020000000 0.6685100200000001 0.0000000000000000
0.23329000200000 0.66851002000000 0.00000000000000 0.7667099980000001 0.3314899800000000 0.0000000000000000
0.76670999800000 0.33148998000000 0.00000000000000 0.2667099980000000 0.1685100200000001 0.5000000000000001
0.26670999800000 0.16851002000000 0.50000000000000 0.7332900019999999 0.8314899800000002 0.5000000000000001
0.73329000200000 0.83148998000000 0.50000000000000



Step 2

The crystalline space group is what the crystal has if the magnetic order is neglected. Once condidering
magnetic order, the MSGs, magnetic type, and the symmetry-indicator classfications are given below. For

each MSG, the detailed information is given in the corresponding MSG table.

OG setting

BNS setting

MSG type

Detailed Inf.

integer spin

half-integer spin

F8. 1471 Pnnm Pnnm____ #58.393 [ [Table MSGA71 Z, Zy
58.2.472  Pnnml’ Pnnml’  $#58.394 IT Table MSG472 Z0 A
58.3.473  Pn'nm Pn'nm #58.395 I11 Table MSG473 %) %]
58.4.474  Pnnm' Pnnm/’ #58.396 ITI Table MSG474 & %]
58.5.475  Pn'n'm Pn'n'm  #58.397 111 Table MSGA75| ZyxZs ZoX Lo
58.6.476  Pnn'm/’ Pnn'm'  #58.398 I11 Table MSG476 Z2 Z
58.7.477  Pn'n'm/ Pn'n'm' #58.399 I11 Table MSG477 %] &

FP.nnm #58.400 IV OG 53.12.426

P.nnm #58.401 IV OG 55.10.450

Pgnnm  #58.402 IV OG 63.15.525

FPcnnm #58.403 IV OG 66.11.574

Prnnm #58.404 IV OG 71.8.628

PHYSICAL REVIEW B 106, 035150 (2022)



Step 3

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

1)
3) POS2MSG (c

#5G (1~230

orvertitg-EPOSCAR to POSCAR=msa.and initializing MAGMOM on magnetic atoms)
(52| DumsG (1-1650) (DG setting)
E

3) /geer:a‘ted by gl}gm
1.0
§.8208900237000000 0. 0000000000000000 0. 0000000000000000
0.0000000000000000 16, GOETA0G156998963 0. 0000000000000000
0.0000000000000000 0. 0000000000000000 4. 4102001189993920
Eu In L=
5 4 8
Direct
0. 0000000000000000 0. 5000000000000001 0. 0000000000000000 : ,
0. 5000000000000000 0. 0000000000000000 0. 5000000000000001 1) Give the correct Space group (SG) number: 58.
0. 7082099610000000 0. 6882700230000001 0. 0000000000000000
0. 2917300090000000 0. 3017283770000001 0. 0000000000000000
0. 7917900080000000 0. 1982700230000001 0. 5000000000000001 .
0. 2082099900959998 0. 8017298770000003 0. 5000000000000001 2) Give the MSG number: 471.
0. 3603799840000000 0. 5863000150000001 0. 5000000000000001
0. A396200060000000 0. 4136999350000002 0. 5000000000000001
0. 1396200060000000 0. 08A3000150000000 0. 0000000000000000 3 p PPOSCAR | his b
0. 8603790540000000 0. 9136089850000002 0. 0000000000000000 ) in | X
0. 7460399870000000 0. 5697000030000001 0. 5000000000000001 aste to this box.
0. 2538A00130000000 0. 4302989970000001 0. 5000000000000001
0. 7538600130000000 0. 0A97000026806050 0. 0000000000000000
0. 2460390870000001 0. 9302089970000002 0. 0000000000000000
0. 2332900020000000 0. 6685100200000001 0. 0000000000000000 4) Press POS2MSG button.
0. 7667099580000001 0. 3314859800000000 0. 0000000000000000
0. 2667050680000000 0. 1685100200000001 0. 5000000000000001
0.7332000019993993 0. £314889300000002 0. 5000000000000001

4) (eosansc]


https://tm.iphy.ac.cn/TopMat_1651msg.html

POSCAR msg:

SGE#B 58 oG ( 58.1.471) BNS (
1.0
6.82999992370000 0.00000000000000
0.00000000000000 16.50670051570000
0.00000000000000 0.00000000000000
Eu In As

6 4 8

Direct
0.00000000000000 0.50000000000000
0.50000000000000 0.00000000000000
0.70820999100000 0.69827002300000
0.29179000900000 0.30172997700000
0.79179000900000 0.19827002300000
0.20820999100000 0.80172997700000
0.36037999400000 0.58630001500000
0.63962000600000 0.41369998500000
0.13962000600000 0.08630001500000
0.86037999400000 0.91369998500000
0.74603998700000 0.56970000300000
0.25396001300000 0.43029999700000
0.75396001300000 0.06970000300000
0.24603998700000 0.93029999700000
0.23329000200000 0.66851002000000
0.76670999800000 0.33148998000000
0.26670999800000 0.16851002000000
0.73329000200000 0.83148998000000

INCAR:

LSORBIT = T
LNONCOLLINEAR = T

SAXIS

=001

MAGMOM= 0 0 7 0O

KPOINTS :
MKPOINTS used for magnetic space group

8
rec

000000 o0

.00000000
.50000000
.50000000
. 00000000
.50000000
.50000000
. 00000000
. 00000000

o oo ooo

-7

o 0 7 0 0

.00000000 0.00000000
.50000000 0.50000000
.50000000 0.00000000
.50000000 0.50000000
.00000000 0.50000000
.00000000 0.00000000
.50000000 0.00000000
.00000000 0.50000000

58.393)

=]

[ Qe T [ e e R e T e e e Y e e Y e Y e e e T e e

.00000000000000
.00000000000000
.41020011900000

.00000000000000
.50000000000000
.00000000000000
.00000000000000
.50000000000000
.50000000000000
.50000000000000
.50000000000000
.00000000000000
.00000000000000
.50000000000000
.50000000000000
.00000000000000
.00000000000000
.00000000000000
.00000000000000
.50000000000000
.50000000000000

0 -7 0

[ T T
=N=-R=R=R=R=R=R=
(SR = 7 E

Step 4

We can get the standard
POSCAR (POSCAR_msg) and
some setting parameters of
INCAR and KPOINTS.

Then we do VASP calculations.

0 -7 300*0.0



Step 5

|There IS a big gap in the bottom 48 occupied band

-

$ irvsp -sg 58|-nb 49 154> outdir
$ vim tgc.data

13 n

tgc.data
58 8 106
1991010 9 91010 910 910 9 9 9101010 910 91010 910 910 910 9101010 910 91010 910 9101010 9 9 9 91010101010
234343434343443434343344343443334434434344344343343443
39910101010 9 91010 9 9 9 9101010 9 910 9101010 9 9 991010 9 9101099109109 9 9991091091010 99 9
4534610789534681079897105346395764810356481049679375810647936458103754961078641098357935466435649463571087 9453618105
436

553465364789101089710987345679685410364533546810479365648103579467935810798107694385107947698107910467983587910109 87
79 810

#SG (space group number) #nk (number of HSKPs) #nb (number of bands)
HSKP#1 Irrep(HSKP#1)#1 Irrep(HSKP#1)#2 -
HSKP#2 Irrep(HSKP#2)#1 Irrep(HSKP#2)#2 -



Step ©

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

6) solve compatibilitiralations (CR) and calculate symmetry indicators (SI) in 1651 magnetic space groups (using tqc.data).

1) #MSG (1~165 ‘! 171 | J0G setting)
(* paste tac.data DEOW *

01 %910 910 %10 9101010 910 9 10 10 9 10 9 10 10 10
9 9 9 91010 10 10 10

2 3 4 3 4 3 4 3 4 3 4 3 4 4 3 4 3 4 3 4 3F 3
3 4 4 3 4 4 3 4 3 4 4 3 4 4

A
1 9 91010 & &S 1010 910 910 © &9 9101010 910 9 '

4 4 3 4 3 4 4 3 3
304 3 3 43 4 43
39 910101010 8 91010 8 9 9 9101010 9 810 9
101010 9 8 9 91010 9 91010 9 910 910 9 9 9 8 9V
\0_8 10 91010 8 9 9 y

Matecyalid for 1651 magnetic space groups with spin-orbit coupling !
3)“if not, it is a symmetry enforced semimetal)
4 - :
@ 2) Give the MSG number: 471.

1) Paste tgc.data into this box.

3) Press solve_CR button.

4) Press cal_S| button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 7

solve CR: cal_sl: trivial

The input data is calculated with spin-orbit coupling.

The input data is calculated with spin-orbit coupling. 790
=Y

Satisfy CR

The gap at point I" 1s only 4 meV, so It Is very easy to achieve band
iInversion. We can simulate the band inversion at I' by exchanging
the 2 highest occupied states and 2 lowest empty bands.

After band inversion:
solve CR - cal SI- topological

The input data is calculated with spin-orbit coupling.

The input data is calculated with spin-orbit coupling. 79=1
=

Satisfy CR



3.2 Eu,ln,As,-AFMD

* Here we take the magnetic material

EU3|ﬂ2AS4 (AFM b) as an examp|e to The list of results of SG 58 Eusln,As, given by TopMat

iIntroduce how to calculate Irreps to Vi5G(10) | Type | Conurtion | Energyteviomy | st

solve the CR and calculate the Sls to 1IN N Y 7

diagnose magnetic topological N . .

m a te rl a |S . e, 474 111 ZM 2 2
 We will use mom2msg to find T e R R R

EU3|ﬂ2AS4 (AFM b) MSG 476 I FMa -6.9428 Weyl points

https://github.com/zjwangl1l/TopMat/ arXiv:2403.07637(2024)



https://github.com/zjwang11/TopMat

Step 1

1) Prepare the original POSCAR file (taking Eusln,As, as an example).
2) Add the magnetic configuration (Cart. coord.) in POSCAR as follows.

1] ” “ . oy

POSCAR POSCAR-add magnetic config
AFMb AFMb
1.0 1.0
6.82999992370000 0.00000000000000  0.00000000000000 6.82999992370000 0.00000000000000 0.00000000000000
0.00000000000000 16.50670051570000 0.00000000000000 0.00000000000000 16.50670051570000 0.00000000000000
0.00000000000000 0.00000000000000  4.41020011900000 0.00000000000000 0.00000000000000  4.41020011900000
Eu In As Eu In As
6 4 8 6 4 8
Direct Direct
0.00000000000000 0.50000000000000  0.00000000000000 0.00000000000000 0.50000000000000 0.00000000000000 0 1 0O
0.50000000000000 0.00000000000000  0.50000000000000 0.50000000000000 0.00000000000000  0.50000000000000 0 -1 0
0.70820999100000 0.69827002300000  0.00000000000000 0.70820999100000 0.69827002300000 0.00000000000000 0 1 0O
0.29179000900000 0.30172997700000 0.00000000000000 0.29179000900000 0.30172997700000 0.00000000000000 0 1 0
0.79179000900000 0.19827002300000 0.50000000000000 0.79179000900000 0.19827002300000 0.50000000000000 0 -1 0
0.20820999100000 0.80172997700000 0.50000000000000 0.20820999100000 0.80172997700000 0.50000000000000 0 -1 0
0.36037999400000 0.58630001500000 0.50000000000000 0.36037999400000 0.58630001500000 0.50000000000000
0.63962000600000 0.41369998500000  0.50000000000000 0.63962000600000 0.41369998500000 0.50000000000000
0.13962000600000 0.08630001500000  0.00000000000000 0.13962000600000 0.08630001500000 0.00000000000000
0.86037999400000 0.91369998500000 0.00000000000000 0.86037999400000 0.91369998500000 0.00000000000000
0.74603998700000 0.56970000300000  0.50000000000000 0.74603998700000 0.56970000300000 0.50000000000000
0.25396001300000 0.43029999700000 0.50000000000000 0.25396001300000 0.43029999700000 0.50000000000000
0.75396001300000 0.06970000300000  0.00000000000000 0.75396001300000 0.06970000300000 0.00000000000000
0.24603998700000 0.93029999700000  0.00000000000000 0.24603998700000 0.93029999700000 0.00000000000000
0.23329000200000 0.66851002000000  0.00000000000000 0.23329000200000 0.66851002000000 0.00000000000000
0.76670999800000 0.33148998000000  0.00000000000000 0.76670999800000 0.33148998000000 0.00000000000000
0.26670999800000 0.16851002000000 0.50000000000000 0.26670999800000 0.16851002000000 0.50000000000000
0.73329000200000 0.83148998000000 0.50000000000000 0.73329000200000 0.83148998000000 0.50000000000000



Step 2

1) $ mom2msg > outdir
2) % phonopy --symmetry --tolerance 0.01 -¢c POSCAR_msg

_ - _ “msgout.txt”
We give the MSG classification, number and all operations i

###M = G + AG, where M is a magnetic space group, G is its unitary part, and A is an antiunitary symmetry###

#spg_symm : 8
# 1 unit
1 0 0 0.000000

Int. sSch. #50 #symm 8 1 ©  0.990000

Crystalline SG(org.): Pnnm D2h"12 58 8 g 0L 00000
unitary part (only): P2 1/c C2h™5 14 4 -1 0 0  0.000000
unitary +antiunitary: Pnnm DZh™12 58 8 3 é ? 3333333
#—13 [0] agtl_UBTSOOOOO

Magnetic SG type : Type III (translationgleiche) -1 0  0.000000
Magnetic SG number (0G) 476 g e D 000000
S5G#B 14 0G({ 58. 6. 476 ) 1 6 6 0.000000
He: ® ©-1 6.000000
0.11060000 ©0.12000000 ©.15000001 # 15 . g”it o 500000
-0.11000000 -0.12000000 -0.15000001 -1 6  ©6.500000
0.61000000 ©0.38000000 ©.34999999 4 05 ° 'jﬂit 8.500000
0.39000000 0.62000000 ©0.65000001 -1 8 6  06.500000
-0.11000000 -0.12000000 ©.15000001 5 0 1 o o000
0.11060000 ©0.12000000 -0.15000001 #_17 . agti'“gi_;%%@
0.39000000 ©0.62000000 ©.34999999 ® 1 6  ©6.500000
0.61000000 ©.38000000 0.65000001 s ey 00080

1 8 @0 0.5600000

6 -1 @0 0.5600000

g 8 1 0.5600000

#symm_mag, #symm:

Magnetic SG type

8

8

: Type III (translationgleiche)



Step 3

The crystalline space group is what the crystal has if the magnetic order is neglected. Once condidering
magnetic order, the MSGs, magnetic type, and the symmetry-indicator classfications are given below. For

each MSG, the detailed information is given in the corresponding MSG table.

OG setting

BNS setting

MSG type

Detailed Inf.

integer spin

half-integer spin

h8.1.471  Pnnm Pnnm #58.393 I Table MSG471 Zo Z
58.2.472  Pnnml’ Pnnml’  $#58.394 IT Table MSG472 Zo A
58.3.473  Pn'nm Pn'nm #58.395 I11 Table MSG473 %) %]
58.4.474  Pnnm' Pnnm' #58.396 ITI Table MSG474 & %]
58.5.475  Pn'n'm Pn'n'm  #58.397 111 Table MSGA75| ZyxZs ZoX Lo
58.6.476 _ Pnn m Pnn'm #58.398 I11 Table MSGA476 Zg Eg
58.7.477  Pn'n'm/ Pn'n'm' #58.399 I11 Table MSG477 %] &

P.nnm #58.400 IV OG 53.12.426

P.nnm #58.401 IV OG 55.10.450

Pgnnm  #58.402 IV OG 63.15.525

Pennm #58.403 IV 0OG 66.11.574

Prnnm #58.404 IV OG 71.8.628

PHYSICAL REVIEW B 106, 035150 (2022)



Step 4

Open the web: https://tm.iphy.ac.cn/TopMat 1651 msg.htm|

PPOSCAR to POSCAR=mseg.and initializing MAGMOM on magnetic atoms)
MSG (l~16.i1}: (OG5 setting)

4)

(* paste PPOSCER Delow *)
1.0
f. §209990240000000 0.0000000000000000 0. 0000000000000000
0.0000000000000000 16, GO6T005159999957 0. 0000000000000000
0.0000000000000000  0.0000000000000000 4, 4102001189999898
Eu In Az He
8 4 & &
Direct
0. 0000000000000000 0. 0000000000000000 0. 0000000000000000
0. 5000000000000000 0. 5000000000000000 0. 5000000000000000 : : : : .
0. 7052089900000000 0. 1962700250000000 0. 0000000000000000 1) G|Ve the Uﬂltary +aﬂtlumtary (SG) number- 58
0.2917900100000000 0. 8017289750000000 0. 0000000000000000
0.7917900100000000 0. 6952700250000000 0. 5000000000000000
0. 2052089599899998 0. 3017289750000000 0. 5000000000000000 )
0. 3603789900000000 0. 0863000150000000 0. 5000000000000000 .
0. A396200100000000 0. 8136989550000000 0. 5000000000000000 2) lee the MSG number- 476
0. 1396200100000000 0. 5363000150000000 0. 0000000000000000
0. 8603789900000000 0. 4136989650000000 0. 0000000000000000
0. T460389900000000 0. 0687000050000001 0. 5000000000000000 . .. ) )
0. 2539600100000000 0. 8302989545908855 0, 5000000000000000 ) ( )
0. 7539600100000000 0. 5687000050000001 0. 0000000000000000 3 PaSte PPOSCAR Wlth addltlonal He atoms) into thIS bOX'
0.2460389599899998 0. 4302999949999999 0. 0000000000000000
0. 2332900000000000 0. 16685100250000000 0. 0000000000000000
0. TEET100000000000 0. §314589750000000 0. 0000000000000000
0. 2667100000000000 0. 6685100250000000 0. 5000000000000000 4) PreSS POSZMSG buttOn_
0.7332900000000000 0. 3314899750000000 0. 5000000000000000
0. 1100000000000000 0. §200000050000000 0. 1500000100000000
0. §900000000000000 0. 3799989950000000 0. 8489999800000000
0. 6100000000000000 0. §795989850000000 0. 3489999800000000
0. 3900000000000000 0. 1200000050000001 0. 6500000100000000
0. 5900000000000000 0. 3799989950000000 0. 1500000100000000
0. 1100000000000000 0. §200000050000000 0. 8489999800000000
0. 3900000000000000 0. 1200000050000001 0. 3489999800000000
0. 6100000000000000 0. §785989850000000 0. 6500000100000000

POS2ZMSG


https://tm.iphy.ac.cn/TopMat_1651msg.html

POSCAR m=dq:

SGEB 140G | 58.6.476) BNS ( 58.398)
1.0
0.00000000000000 -16.50670051570000 0.00000000000000
6.82999992370000 0.00000000000000 0.00000000000000 e
0.00000000000000 16.50670051570000 4.41020011900000
Eun In As He
6 4 8 g8
Direct
0.50000000000000 0.00000000000000 0.00000000000000
0.50000000000000 0.50000000000000 0.50000000000000
0.30172997700000 0.70820999100000 0.00000000000000 . .
0.69827002300000 0.29179000300000 0.00000000000000 Note that the He atOI 'l |S Only to flnd the
0.30172997700000 0.79175000300000 0.50000000000000
0.69827002300000 0.20820999100000 0.50000000000000
0.91369998500000 0.36037995400000 0.50000000000000 t I\/ISG
0.08630001500000 0.63962000600000 0.50000000000000 CorreC .
0.91369998500000 0.13962000600000 0.00000000000000
0.08630001500000 0.86037999400000 0.00000000000000
0.93029999700000 0.74603998700000 0.50000000000000
0.06970000300000 0.25356001300000 0.50000000000000
0.93029999700000 0.75336001300000 0.00000000000000 . . .
0.06%70000300000 0.24603998700000 0.00000000000000 Th t t b th b t
0.331489%98000000 0.23325000200000 0.00000000000000 e I I lagne IC I I lOI I len g|Ven y e We SI e
0.66851002000000 0.76670999800000 0.00000000000000
0.33148998000000 0.26670999800000 0.50000000000000 . . . . . v,
0.66851002000000 0.73329000200000 0.50000000000000 IS a pOSSIble Conflguratlon Our Inltlal
0.03000001000000 0.11000000000000 0.15000001000000 .
0.96999999000000 0.89000000000000 0.84999999000000 . . . . .
0.%69993%%5000000 0.61000000000000 0.34999999000000 t t | t f th b |
0.03000001000000 0.39000000000000 0.65000001000000 Illagne IC II'OI I len a SO Sa IS IeS IS pOSSI e
0.27000001000000 0.89000000000000 0.15000001000000
0.72999993000000 0.11000000000000 0.84999999000000 . .
0.72999899000000 0.39000000000000 0.34999999000000 CO nfl u ratl O n
0.27000001000000 0.61000000000000 0.65000001000000 .
INCAR:
LSORBIT = T
LNONCOLLINEAR = T
SAXIS = 0 0 1
MAGMOM= 7 7 0 7 -7 0 7 7 0 7T 7 7 -7 0 7 -7 0 300%0.0
KEOINTS ; INCAR:
MEPOINTS unsed for magnetic space grouap
8 LSORBIT = T
rec
0.50000000 0.00000000 0.50000000 1.0 1A LNONCOLLINEAR = T
0.00000000 0.00000000 0.50000000 1.0 ' B
0.50000000 0.50000000 0.00000000 1.0 1 SA¥IS = 0 0 1
0.00000000 0.50000000 0.50000000 1.0 1 D
0.50000000 0.50000000 0.50000000 1.0 1 E MAGMOM= 0 7 © O0-T 0 0 T O O T 0 0-T O O-T 0 300«0.0 -
0.00000000 0.00000000 0.00000000 1.0 1 oM
0.50000000 0.00000000 0.00000000 1.0 1Y
0.00000000 0.50000000 0.00000000 1.0 1%



POSCAR m=dq:

SGH#B 14 oG | 58.6.476) BNS | 58.398)
1.0
0.00000000000000 -16.50670051570000 0.000000D0D000000
6.82599552370000 0.00000000000000 0.00000000000000
0.00000000000000 16.50670051570000 4.41020011%00000
En In A=
[ 4 a
Direct
0.50000000000000 0.00000000000000 0.00000000000000
0.50000000000000 0.50000000000000 0.50000000000000
0.30172557700000 0.70820555100000 0.00000000000000
0.6%827002300000 0.2%17%000500000 0.00000000000000
0.30172997700000 0.79%17%000500000 0.50000000000000
0.6%8327002300000 0.20820995100000 0.50000000000000
0.%1369958500000 0.3603759555400000 0.50000000000000
0.08630001500000 0.63%62000600000 0.50000000000000
0.9%1369998500000 0.13%62000600000 0.000000D0D000000
0.08630001500000 0.86037555400000 0.00000000000000
0.%3029955%700000 0.74603998700000 0.50000000000000
0.06%70000300000 0.25396001300000 0.50000000000000
0.53029955T700000 0.7535%6001300000 0.000000D0D000000
0.065%70000300000 0.24603558700000 0.00000000000000
0.33148%5%8000000 0.2332%000200000 0.00000000000000
0.66851002000000 0.766709955300000 0.000000D0D000000
0.33148958000000 0.26670995800000 0.50000000000000
0.668351002000000 0.7332%000200000 0.50000000000000
INCAR:
LS0ORBIT = T
LNONCOLLINEAR = T
SAXIS = 00 1
MAGMOM= 0 7 O O -F O O 7 O© O T O O0-F O 0
EPOINTS:
MEPOINTS unsed for magnetic space grouap
g
rec
0.50000000 0.00000000 0.50000000 1.0 A
0.00000000 0.00000000 0.50000000 1.0 ' B
0.50000000 0.50000000 0.00000000 1.0 [ -
0.00000000 0.50000000 0.50000000 1.0 ' D
0.50000000 0.50000000 0.50000000 1.0 I E
0.00000000 0.00000000 0.00000000 1.0 I GM
0.50000000 0.00000000 0.00000000 1.0 [
0.00000000 0.50000000 0.00000000 1.0 1 Z

-7 0 300«0.0

Step ©

We can get the standard
POSCAR (POSCAR_msg) and
some setting parameters of
INCAR and KPOINTS.

Then we do VASP calculations
(REMOVING He atoms).



Step 7

| We use unitary part (SG#B) to calculate the Irreps.

/
$ irvsp(-sg 14]-nb 1 154 > outdir
$ vim tgc.data

“tgc.data”

(0]
=
o
o

oNnN NP
G NN
oM NN
o NN N
G NN
oM NN
G NN
~ NN
~N NN
© N NN
© N NN
0N NN
~N NN
0N NN
~N NN
0N NN
~N NN
0N NN
~N NN
G NN
G NN
oM NN
o NN N
~N NN
0 N NN
o NN N
~N NN
oM NN
G NN
0N NN
G NN
o NN N
G NN
o NN N
G NN
G NN
o NN N
G NN
~N NN
© N NN
oM NN
G NN
o NN N
G NN
oM NN
~N NN
0N NN
G NN
o NN N
~N NN
0N NN

7685768875678787568785678785678875687758677888877787
55656787878785656787856565656787878567856567878567856785656567878567856785656785656565656787856567878565635
656567878566578875678567856565687788576787865786578565687787878565678876578785687658778785656655687877887T7
7565678785656787878785656567856785656787856785656785678567856787856567856785678565656567856785678565678565

822222222222222222222222222222222222222222222222222222

Format of tgc.data

#SG (space group number) #nk (number of HSKPs) #nb (number of bands)
HSKP#1 Irrep(HSKP#1)#1 Irrep(HSKP#1)#2 -
HSKP#2 Irrep(HSKP#2)#1 Irrep(HSKP#2)#2 -



Step 8

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

2
b) solve cnmpatibl)lit relations (CR) and calculate symmetry indicators (51) in 1651 magnetic space groups (using tqc.data).
1) #MSG (1~1651 OG setting)

(* paste tgc.data bETOW *}
T 1 3 106 D

1 2 2 2 & 28 2 22 2 2 2 2 2 2 2 2 2 2 2 2 2 L8132
222222222222222222222.
2

= I e

2
2

|
[ I %

2 22 ¢ 2 2z i 2 2 222 222 2 22 2 %132
22 2 £ 2 2 2 2 2 2 2 ¢ & 2 2 £ 2 2 % 1% %2
2

i 2222222122212 322222321221212212
2 2 2 2 & 2 2 8 2 2 ¢ E 2 2 22 2 2 1R

: p 1) Paste tgc.data into this box.

e
=R
3 ko
[t I e

2
2

[ I e

A
| K e ]

or magnetic space groups with spin-orbit coupling !

) not, it is a symmetry enforced semimetal)

4 2) Give the MSG number: 476.

cal Sl

3) Press solve_CR button.

4) Press cal_S| button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 9

solve CR: cal_SI:

The input data is calculated with spin-orbit coupling.

The input data is calculated with spin-orbit coupling. 250
=Yy

Satisfy CR

trivial



4 Calculate the Sls by IR2TB.

* Here we take the topological material
Bi,Se; as example to introduce how to
calculate TB Hamiltonian lrreps to solve
EBR decompositions and the
compatibility relationship (CR) and
symmetry indicators (Sls) to diagnose
topological materials.

Band structure for Bi,Se; with SOC

s
>\\§>¢
Zie

Nature Physics volume 5, pages438-442 (2009)



Step 1

1) Prepare the original POSCAR file (taking Bi,Se; as an example).
2) $ phonopy --symmetry --tolerance 0.01 -c POSCAR

phonopy_version: '2.20.0'

$ vim PPOSCAR space_group_type: 'R-3m'
space_group_number: 166
“POSCAR’ “PPOSCAR’ point_group_type: "-3m
Bi2 Se3 generated by phonopy
1.0 1.0
2.0669999122654712 1.1933829557614029 9.5433330536000032 2.0669999122654712 1.1933829557614026 9.5433330536000014
-2.0669999122654712 1.1933829557614029 9.5433330536000032 -2.0669999122654712 1.1933829557614026 9.5433330536000014
0.0000000000000000 -2.3867659115228057 9.5433330536000032 -0.0000000000000001 -2.3867659115228053 9.5433330536000014
Bi Se Bi Se
23 2 3
Direct Direct
0.3980000423333330 0.3980000423333330 0.3980000423333331 0.3980000423333330 0.3980000423333333 0.3980000423333333
0.6019999576666670 0.6019999576666670 0.6019999576666668 0.6019999576666670 0.6019999576666669 0.6019999576666670
0.0000000000000000 0.0000000000000000 0.0000000000000000 0.0000000000000000 0.0000000000000000 0.0000000000000000
0.7919999939999998 0.7919999939999998 0.7919999939999998 0.7919999939999998 0.7919999940000000 0.7919999940000000

0.2080000060000003 0.2080000060000003 0.2080000060000003 0.2080000060000002 0.2080000060000005 0.2080000060000004



3)

3) POS2ZMSG (c

Step 2

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

1)
#SG (1 23&}

(* paste PPOSCAR belc-w *)

\

generated by phonopy
1.0
2, 0669990122604 7T12
-2, 066959021 22664712
—0. 000oooooonoooool
Bi e
2 !
Direct
0. 39800004233333320
0, 6019990RTAGEE6TO
0. 0oooooooonoooooo
0. 7919958939000005
0. 2020000060000002

[ T s s I e Y

1. 1933829507T614026
1. 193382950T614026
-2, 3BATER91152280563

2980000425333333

LBO0159995 TEEAGE6GY

ooooooooooooaaan

. 7915999940000000
. 2080000060000005

0. 39800004233333353
0. 60199995 TEE666T0
0. 0000000000000000
0. 7919959940000000
0. 2080000060000004

9. 5433330536000014
9. 5433330636000014
9. 5433330536000014

=

&1

4) (Fos2ms6)

onyerting PPOSCAR to PC%CA _msg and initializing MAGMOM on magnetic atoms)
o5 ) #vsc (1-16500 106 setting)

1) Give the group number(SG) from phonopy: 166.

2) Give any reasonable magnetic space group
(MSG) number, such as 1.

3) Paste PPOSCAR into this box.

4) Press POS2MSG button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 3

The OG magnetic space group number do not match with the given space group number.
Possible OG magnetic space group numbers are given below:
e ]=

1329, type 3

1330, type 3

1331, type 3

1332, type 4

1333, type 4

Nonmagnetic materials are the type-2 MSGs, which include time inversion operation.



Step 4

Open the web: https://tm.iphy.ac.cn/TopMat_1651msg.html

3) POS2MSG (%2: arting PPOSCAR to PDE& -mea and initializing MAGMOM on magnetic atoms)
(s (Qize |

#5G (1-23ch: 1186 ) #MSG (1~1651)
(* paste PPOSCAR below *)

3) enerated by phonopy
1.0
2. 06699991 22604712
—2. 06699991 22604712
—0. 0ooooooooooaannl
Ei Se
2 3
Direct
0. 3930000423333330
0. 0199990 TEAARATO
0. aoooooooooonooon
0. 7919999939999933

e T e Y s Y o Y e

1. 19338320657614026 9. 5433330536000014
1. 19338320657614026 9. 5433330536000014
-2, 3B6TEEY1152280563 9. 5433330536000014

. 3980000423333333
LGO199895TREEEEGY
. Dogaaooooaaooaon
. 7919353540000000
. 2080000060000005

0.39830000423333333
0. 60195995 T66666T]
0. 0000ooo0a0ooa0an
0. T913593940000000
0. 2080000060000004

JG setting)

_ 0- 2080000060000002
4) (PosamsG?)
—

1) Give the correct space group (SG) number: 166.

2) Give the correct magnetic space group(MSG)
number: 1328.

3) Paste PPOSCAR into this box.

4) Press POS2MSG button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 5

POSCAR msg:

SGEB 166 OG ( 166.2.1328) BNS ( 166.98)
1.0
2.06699991226547 1.19338295576140 9.54333305360000 We can get the standard POSCAR
-2.06699991226547 1.19338295576140 9.54333305360000 '
~-0.00000000000000 -2.38676591152281 9.54333305360000 (POSCAR_msg) and some settmg
Bl se parameters of INCAR and KPOINTS.
Direct
0.39800004233333 0.39800004233333 0.39800004233333
0.60199995766667 0.60199995766667 0.60199995766667 A|| space groups’ HSKPS can be found
0.00000000000000 0.00000000000000 0.00000000000000
0.79199999400000 0.79199999400000 0.79199999400000 on:
0.20800000600000 0.20800000600000 0.20800000600000 ] ]
. https://github.com/zjwangl11/IR2PW/
LSORBIT — T lib_irrep_bcs/max_KPOINTS VASP/
LNONCOLLINEAR = T
SA¥TS =00 1
MACGMOM=300%0 . 0
KPOINTS : .
MKPOINTS used for magnetic space group Theﬂ We COﬂStI’UCt a BI2863 TB mOdel
4 . .
rec considering soc (or generated by
0.00000000 0.00000000 0.00000000 1.0 I GM .
0.50000000 0.50000000 0.50000000 1.0 T Wannler90)
0.50000000 0.50000000 0.00000000 1.0 I F
0.00000000 0.50000000 0.00000000 1.0 I I



Step ©

The constructed TB model only considers p—orbital,]

/ [so there are only 18 occupation bands in Bi,Ses.

$ir2tb -sg 166 |-nb 1 18|> outir
$ vim tgc.data

“tgc.data”
Prepare the Hamiltonian files named

166 4 18 |da_hr.dat /soc_hr.dat and tbbox.in

1121112 91011 7 812 91011

2121211 9101212 910 7 811
4785678785678 77856738
5787856 785656067878738

Format of tgc.data

#SG (space group number) #nk (number of HSKPs) #nb (number of bands)

HSKP#1 Irrep(HSKP#1)#1 Irrep(HSKP#1)#2 -
HSKP#2 Irrep(HSKP#2)#1 Irrep(HSKP#2)#2 -



Step 7

Open the web: https://tm.iphy.ac.cn/TopMat 1651msg.html

b) solve cnmpatit%l)l elations (CR) and calculate symmetry indicators (S1) in 1651 magnetic space groups (using tqc.data).
1)#MSG (1~1651){1322__JOG setting)

(* paste fgcdata below *)

166 4 18
1
1

111 101 1
121 101 1

=
Fariis s ST =

1

N e B3
-1 =1 [ B2
Coooo R
S
o O D D
b I o
0O R
-1 =13 =]
o oo oD o0
b R
o O =] D
-1 o
-1 =1
o oo
-1 m
oo
-1 =1
o oo

1) Paste tgc.data into this box.

P

3) Nate- valid for 1651 magnetic space groups with spin-orbit coupling ! _
if not, it is a symmetry enforced semimetal) 2) Give the MSG number: 1328.
1

3) Press solve_CR button.

4) Press cal_S| button.


https://tm.iphy.ac.cn/TopMat_1651msg.html

Step 8

solve_CR: cal_Sl
The input data is calculated with spin-orbit coupling. The input data is calculated with spin-orbit coupling.
Satisfy CR z2=0,z4-1,

We can see that Bi,Se; satisfies the CR, and its Sl is Z4=1,
so we can diagnhose that this Is a topological material.



Thank you !l
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