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• The description of a magnetic structure using its MSG of the structure 
is a direct simple extension of ordinary crystallography and therefore:

simple, compact, standardized and robust…

This is the description used in the CIF file format, extended to magnetic structures (magCIF), 
which is now supported  by many programs.  

It has allowed the development of MAGNDATA 

Summary: Independently of how a commensurate magnetic 
structure has been determined the final model should reported 
making full use of the MSG of the structure



Cmcm.1’ Aamm2 (2c, a, b; 0,0,-1/4)
k=(0,0,1/2)

Dy2Co3Al9 (magndata #1.267)Gorbunov et al. , 2018

(Single crystal neutron diffraction)

Example 1 (Commensurate):

The MSG of this magnetic structure is only compatible with one irrep,
namely the 2-dim irrep mZ1. 
(only spin arrangements according to this irrep are allowed by the MSG, but restricted 
to a special combinations of the irrep basis vectors. No degrees of freedom 
corresponding to other irreps are permitted)

http://webbdcrista1.ehu.es/magndata/index.php?this_label=1.267
https://www.cryst.ehu.es/magndata/index.php?this_label=1.267


fundamental information: 

How to report… when only one irrep is compatible with the MSG



fundamental information: 

How to report… when only one irrep is compatible with the MSG

Basic relation with the 
parent paramagnetic 
structure

unit cell



fundamental necessary information: 

How to report… when only one irrep is compatible with the MSG

equivalent 
information  

MSG identification



fundamental necessary information: 

How to report… when only one irrep is compatible with the MSG

MSG identification

For Tables and text, the Seitz notation
is highly recommended as ALTERNATIVE !!!



• The identification and assignment the magnetic space group 
(MSG) is a “must”

- Whatever the method employed to determine a commensurate magnetic structure, its
MSG must be identified and reported. 

- Representation analysis can be an efficient method for the determination of a com-
mensurate magnetic structure but it is NOT an “alternative” to the identification of its
MSG.

- The magnetic point group (MPG) can be derived from the MSG, but it is so important
that it is recommendable to report it explictly.

- For a full identification of the MSG the transformation from the unit cell used to one
where the MSG has its standard form must also be reported.

- If you fear that the referees will think your paper is not enough “cutting hedge”
research, because it includes too much detail and Tables, you can always submit the
information as supplemental material, and your magnetic structure will be fully
unambiguous, and easily portable for other studies (include a magCIF file as
supplemental material !!!).



Positions and moments of the 
magnetic atoms in the 
asymmetric unit referred to the 
MSG unit cell 

MSG constraints on the
magnetic moments 

How to report when only one irrep is compatible with the MSG ….

fundamental NECESSARY information 

moment moduli 



fundamental necessary information Positions of the set of of non-
magnetic atoms of the asymmetric 
unit in the MSG unit cell 

How to report when only one irrep is compatible with the MSG ….



• Information on the positions of the NON-magnetic atoms is 
also necessary for a full knowledge of the magnetic structure

- Even if the positions of the non-magnetic atoms were not needed for the determination
of the spin arrangement, their knowledge is necessary for a full description of the structure. 

- Enough information should be given from which to get a description (at least 
approximate) of the positional structure of all atoms; either appealing to some reference 
or including a full listing .  

- Positional structure of all atoms, described using the MSG  make explicit all magneto 
structural effects that may happen: split sites, atomic positions components that become 
free in the magnetic phase. If you want to detect structural effects induced by the 
magnetic ordering this is the first step!

- The MSG depends on the positions of the non-magnetic atoms. 



complementary information on representation analysis 

How to report when only one irrep is compatible with the MSG ….

NOT NECESSARY if the irrep labels used are 
those of standard listings (CDML or Kovalev)



How do we know the structure does not allow
secondary magnetic irreps? for example, using Get_mirreps:



• The irrep notation lacks a standard, but there is a couple of alternative 
unambiguous irrep labeling systems,  supported with computer listings, that can 
be recommended:

- CDML notation (A. P. Cracknell, B. L. Davies, S. C. Miller and W. F. Love (1979)):

           software: ISOTROPY, Bilbao Crystallographic Server, JANA, FullProf (Basirreps)

         -  Kovalev notation (O.V. Kovalev 1965-1993):

    software: SARAh  

• It is strongly advised against using arbitrary irrep labels (like those of traditional 
software), but if done, then full unambiguous listings of the irrep characters must 
be necessarily included. Otherwise the irrep labels mean NOTHING!     

ABOUT LABELS OF IRREDUCIBLE REPRESENTATIONS (IRREPS)

The irreps are mathematical constructs. They are tabulated or calculated by programs.

They do not depend on you specific system. You do not need to know how to 
calculate them but you need to know how to use them.



• if the MSG of the structure is only compatible with a single irrep (the 
majority of cases): A description using irrep spin basis vectors does NOT 
bring any advantage:

- If the irrep is 1-dim, the two descriptions will be fully equivalent: the irrep 
basis functions will reproduce the same moment relationships among the 
magnetic atoms as the MSG.

- If the irrep is multidimensional, in most cases several alternative MSGs can 
realized for the same irrep and the description using the actual MSG 
automatically introduces additional constraints that are not included when only 
restricting to the basis vectors of the irrep.

On the use of irreps as an “alternative” description to
the use of the MSG



Cmcm1’ Aamm2 (2c, a, b; 0,0,-1/8)

2-dim irrep mZ1 

k=(0,0,1/2)

Our example  1:

6 basis spin basis functions/vectors/modes
(6 parameters)

3 parameters
3 parameters

6 parameters

Dy2Co3Al9



• Only in the less frequent case that the MSG of the structure is
compatible WITH MORE THAN ONE IRREP, the crystallographic
description under the MSG can be further restricted by the particular
irrep(s) being involved, since in many cases not all are present.

On the use of irreps as an “alternative” description to
the use of the MSG

How to report then when more than one irrep is compatible with the MSG?: 

No standard exists yet for the inclusion of additional irrep restrictions…  

  (the magCIF standard does not support it yet….)

The guidelines paper just show with one example how it could be done….



P63/mmc.1’ Cmc’m’ (-b, 2a+b, c; 0,0,0)
2-dim irrep mGM6+ 

k=(0,0,0)

Mn3Sn (magndata #0.199)P.J. Brown et al. , 1990

(Single crystal neutron diffraction)

Example 2 (Commensurate):

The MSG of this magnetic structure is  compatible with TWO irreps
( spin arrangements according to any of the two irreps are allowed by the MSG,
no degrees of freedom corresponding to other irreps than these two are permitted)

(N. 194) (N. 63.463)

Mn at 6h Wyckoff position

https://www.cryst.ehu.es/cgi-bin/cryst/programs/mechanical_rep.pl?tipog=gmag
https://www.cryst.ehu.es/magndata/index.php?this_label=0.199


2-dim irrep mGM6+ 

4 BVs
(4  parameters)

2 parameters 2 parameters

4 parameters

P63/mmc1’ Cmc’m’ (-b, 2a+b, c; 0,0,0)

2-dim irrep mGM6+ 
k=(0,0,0)

https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl
https://www.cryst.ehu.es/cgi-bin/cryst/programs/get_irreps.pl?tipog=gmag


fundamental information (the same as in the previous case) 

How to report when more than one irrep is compatible with the MSG ….

Mn3Sn
non-standard
setting for the
description

http://webbdcrista1.ehu.es/magndata/index.php?this_label=0.199


3 free parameters 

How to report when more than one irrep is compatible with the MSG ….

fundamental necessary information (the same as in the previous case) 



Second(ary) irrep allowed by
the MSG 

How to report when more than one irrep is compatible with the MSG ….

complementary information on representation analysis 



Descomposition in amplitudes of irrep 
spin basis modes/

How to report when more than one irrep is compatible with the MSG ….

complementary information on representation analysis 



https://stokes.byu.edu/iso/isotropy.php

Stokes & Campbell, Provo

The only program for mode analysis: (with irrep mode decomposition!) 

(as far as I know…)



FullProf can refine under a MSG the amplitudes of the irrep modes 
compatible with the MSG using output of ISODISTORT

mode 1 mGM3+

mode 2 mGM6+

mode 3 mGM6+

This is the future and is 
already available!

Part of the pcr file created by ISODISTORT:

mode amplitudes to refine

In this form, one uses 
the representation 
method under a fixed 
MSG. 

Things become much 
simpler!!!



How to prepare a magCIF file suitable for MAGNDATA







How to prepare a magCIF file of your magnetic structure adequate
for MAGNDATA

• Case 1: Use refinement software that supports .mcif files both for input and
output: FullProf, GSAS-II, JANA, ….. (listed in alphabetical order!) to obtain a 
.mcif file of your structure fully consistent with its MSG. 

If you have solved however your structure with these programs or any other, 
but using a method that has not identified the MSG of the model, then there 
are two possible situations:

The best way:.

Case 2: The refinement program can provide you a magCIF file of your final 
structure but “without symmetry”, i.e. using the MSG P1, and listing all atoms and 
moments in the unit cell.

Case 3: You know your magnetic structure so that you can calculate and list all
atomic positions and magnetic moments in the unit cell, but you do not know its 
MSG.



How to prepare a magCIF file suitable for MAGNDATA

- Upload de .mcif file in  MVISUALIZE to simplify the file and add items necessary for the database         

Main Page of MVISUALIZE after uploading the mCIF file:

Click to download a 
complete but simplest 
magCIF file suitable for 
MAGNDATA

Then follow the instructions 
to fill the parts of the file 
that require additional 
information

Case 1: Your refinement program has generated a magCIF file of your structure 
consistent with its MSG



How to prepare a magCIF file of your magnetic structure…

Get from your refinement program a 
simple mCIF file in the lowest MSG P1, 
which only includes the lattice 
periodicity as symmetry and lists all 
atoms and moments within the unit cell.          

All atoms in unit cell and their 
magnetic moments

No symmetry. Only 
the identity

Case 2:You have a magCIF file of your structure but under MSG P1

If the program does not have this 
option, but you know your structure you 
should be able to prepare this file also  
either manually or with some computer 
script 

A template file is included with the 
instructions that can be downloaded 
from MAGNDATA 



How to prepare an magCIF file of your magnetic structure…

Upload the P1 mCIF file of your structure in ISOCIF
              from the ISOTROPY Software Suite.         

Click!

MSG identified

beware: unit cell and origin are automatically
changed to the standard setting of the MSG!

Case 2: You know your structure but you do not know (YET) its MSG…



How to prepare an magCIF file of your magnetic structure…

You know your structure but you do not know (YET) its MSG…

Save the new mCIF file with the correct MSG detected by ISOCIF. To keep the origin and 
unit cell of the input P1 file, care must be taken indicating the correct transformation 
from the standard basis chosen by the program.         

Inverse transformation
of unit cell and origin!
(you have to calculate it)

If you wish to keep your
unit cell and origin in the
mCIF file, you have to
introduce the inverse of the
basis transformation that the
program has done.



How to prepare a magCIF file of your magnetic structure…

Case 3:You know your structure but you do not know its MSG, and you 
do not have a magCIF file in P1

If you do not have a simple magCIF file in P1, provided by the refinement 
program, rather than preparing manually such type of file, it is more handy and 
much quicker in most cases, to use the tools in the Bilbao server (MAXMAGN or 
in more complex cases k-SUBGROUPSMAG) to enumerate probable spin 
arrangements for the known propagation vectors(s), identify the one that 
coincides with your structure, and produce the corresponding magCIF file with a 
fully consistent MSG.       

In most cases a grahical comparison is sufficient for identifying the spin 
arrangement that corresponds to your structure. One can then 
download the corresponding mCIF file, and go then to the instructions 
of “Case 1”, i.e. when one has a mCIF file consistent with the MSG of the 
structure.
Care must be taken of the fact however that these programs only list by default 
one of the possible equivalent domain-related MSGs and this may be not the one 
that  corresponds to your model! One has then to use the option in both programs 
of enumerating all possible domain-related descriptions (conjugate MSGs) to be 
able to identify the one that describes your structure.         



How to prepare a magCIF file of your magnetic structure…

You know your structure but you do not know its MSG…

Alternatively to MAXMAGN or k-SUBGROUPSMAG, you can use  ISODISTORT 
(Method 2) to enumerate probable spin arrangements for the known 
propagation vectors(s), identify the one that coincides with your structure and 
produce the corresponding magCIF file with a fully consistent MSG.

ISODISTORT is in many aspects more powerful and certainly faster. But this 
program only provides the magCIF file for one of the domain-equivalent MSGs, 
and therefore in complex cases a direct comparison with your structure may fail.      



Parent space group:

C2/m (N. 12)

8.8(2) B



How to prepare a magCIF file of your INCOMMENSURATE magnetic structure…

And in the case of an incommensurate structure????

Well,…. it is not so easy as in the commensurate case 

1. You’d better repeat the refinement using one of the programs that 
supports superspace symmetry groups for magnetic structures and produces 
the magCIF file of the refined model (JANA, FullProf, …)

or 2. As in the commensurate case, you can prepare a simple magCIF file 
without any symmetry except the identity, including ALL atoms in the unit 
cell, and all the determined modulations using cosine and sine functions, as 
defined in the superspace formalism.
Then upload in ISOCIF....then the program should be able to identify the 
actual symmetry as a magnetic superspace group (MSSG) and provide the 
corresponding mCIF  file. 



CONCLUSION 

• There can be many different methods to determine magnetic structures 
(including just trial and error!), but we should have a UNIQUE STANDARD 
way for reporting them. This standard has been reached by means of 
extending the CIF format, a format promoted by the IUCr.

 It only needs now some further extension for the inclusion of irrep modes 
information, to achieve its full completion!

FINALLY:
Please, when you publish a magnetic structure include a magCIF file as 

Suplemental Material of the publication (BUT FULLY CONSISTENT WITH 
WHAT IS IN THE PAPER!). 

And….

 When the article is published submit a magCIF file to MAGNDATA following 
the instructions in the database.    
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