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Hands-on demonstration of BCS (MAXMAGN, 
MVISUALIZE, k-SUBGROUPMAG…) 



Tutorial_magnetic_sect
ion_BCS_3

Three main tutorials on the programs of the BCS Magnetic Section 
can be directly downloaded from the webpages of the programs :

Tutorial-MAXMAGN 
(3 versions)

Tutorial-k-SUBGROUPSMAG 
(3 versions)

Tutorial_magnetic_
section_BCS_1

Tutorial_magnetic_sect
ion_BCS_2



Which MSGs are possible for a magnetic structure having space group 
Pnma in the paramagnetic phase if we know that the magnetic ordering 
has propagation vector (wave vector!) k=(1/2,0,0)?

Pnma1’

?

Symmetry based modeling of magnetic structures    

k=(1/2,0,0)

Purely mathematical
problem !

HoMnO3



Possible magnetic symmetries for a magnetic phase with
propagation vector (1/2,0,0) and parent space group Pnma

Symmetry operation {1’|1/2,0,0} is present in any case
(magnetic cell= (2ap,bp,cp))

exp(i2pk.a) = -1

obtained with 
k-SUBGROUPSMAG

Symmetry based modeling of magnetic structures    

You can take the corresponding
models for each MSG  and try to fit 
your data with each of them (GSAS-II 
uses K-SUBGROUPSMAG in this 
way)

https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl
https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl
https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl


Possible magnetic symmetries for a magnetic phase with
propagation vector (1/2,0,0) and parent space group Pnma

Symmetry based modeling of magnetic structures    

ONLY MAXIMAL SUBGROUPS (k-maximal symmetries)

obtained with 
k-SUBGROUPSMAG

HoMnO3

About 70% of all published magnetic structures have k-maximal symmetries



Why the (magnetic) order parameter usually takes “special” directions
of higher symmetry ?
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Qi : Symmetry-breaking coordinates

Domains/variants: symmetry related configurations (energy minima) around a 
higher-symmetry configuration

Symmetry-forced extrema

Energy in the configuration space is a SMOOTH function: Lower
symmetry implies more equivalent minima, i.e. a more wavy energy
function



Construction of possible models of a magnetic structure 
of MAXIMAL SYMMETRY compatible with its propagation 
vector (1k): MAXMAGN



3 Tutorials can be 
downloaded from the
program webpage



Program
MAXMAGN

HoMnO3



Transformation to standard setting:

Unambiguous description  of a MSG as subgroup of a parent 
gray group:

Pnma1’   à  Pbmn21 (-b, 2a , c; 1/4, 1/4, 0)

(P,p)
transformation
to standard
of the MSG

(as,bs,cs)= (ap,bp,cp).P   ,  Os = Op + p1 ap + p2 bp + p3 cp p = (p1, p2, p3) 

MSG standard unit cell parent unit cell origin shlft

1 1

-1

symmetry operation:

positions: magnetic moment (absolute) components:

-1

P = 3x3 matrix 

HoMnO3 case



One should not confuse:

Pnma1’   à  Pbmn21 (-b, 2a , c; 1/4, 1/4, 0)
transformation to standard 
from the parent setting of 
Pnma

Pbmn21 (-b, a , c; 1/8, 1/4, 0) transformation to standard from 
the setting used for the MSG.

Unit cell used  (2ap, bp, cp;0,0,0):

Parent Pnma unit cell (ap, bp, cp;0,0,0):

description of the subgroup by its type of MSG and a unit cell and origin 
with respect to the parent unit cell where it WOULD adquire its standard form

When describing a subgroup of the parent group:

When describing a magnetic structure under this MSG using a 
non-standard setting:

Alternative unit cell and origin with respect to the unit cell used 
where the MSG WOULD adquire its standard form





Program
MAXMAGN

HoMnO3



half of
the Mn 
atoms 
must
have zero
spins



Program
MAXMAGN

HoMnO3









La2CuO4

a

Cmce (Cmca.1’)

Parent symmetry group:

propagation vector: k=(1,0,0)

MAXMAGN:
Possible alternative maximal 
magnetic symmetries and 
corresponding models of the
magnetic structure

Cu at WP 4a

(it is NOT equivalent to k=0 !)





La2CuO4

PAccn (56.374)
a

MCu1= (0, 0, 0.17)

Cu1 (0,0,0)
MCu1= (0, my, mz)

Refinement result (Magndata #1.23):

symmetry forced approximate value



Construction of possible models of a magnetic structure 
from the knowledge of its propagation vector(s):

k-SUBGROUPSMAG  & MAGMODELIZE

For non-maximal symmetries and/or more than one propagation vector



Tutorial_magnetic_sect
ion_BCS_3

Tutorial-k-SUBGROUPSMAG 
(3 versions)

Tutorial_magnetic_sect
ion_BCS_2

k-SUBGROUPSMAG  & MAGMODELIZE



k-SUBGROUPSMAG  & MAGMODELIZE

k-SUBGROUPSMAG is 
called by the
refinement program GSAS-II
through an internal link in order to
obtain all possible alternative 
symmetries for a given set of
propagation vectors.

http://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl
http://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl
http://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_k.pl


k-SUBGROUPSMAG 

Possible magnetic symmetries for a magnetic phase with
parent space group P-3m1 (N. 164), propagation vector (1/3,1/3,1/2) and
magnetic atom at 1b (0,0,1/2) allowing zon-zero momento on all sites

Example: Ba3Nb2NiO9
MAGNDATA #1.13



k-SUBGROUPSMAG 

Possible magnetic symmetries for a magnetic phase with
parent space group P-3m1, propagation vector (1/3,1/3,1/2) and
magnetic atom at 1b (0,0,1/2)   (non-zero magn. moments at all sites!)

(Example  Ba3Nb2NiO9 Ni at WP 1b)



k-SUBGROUPSMAG 

Possible magnetic symmetries for a magnetic phase with
parent space group P-3m1, propagation vector (1/3,1/3,1/2) and
magnetic atom at 1b (0,0,1/2)

(Example  Ba3Nb2NiO9 Ni at WP 1b)

(non-zero magn. moments at least at 
some sites)



k-SUBGROUPSMAG 

Possible magnetic symmetries for a magnetic phase with
parent space group P-3m1, propagation vector (1/3,1/3,1/2) and
magnetic atom at 1b (0,0,1/2)   (non-zero magn. moments at all sites!)

(Example  Ba3Nb2NiO9 Ni at WP 1b)



k-SUBGROUPSMAG 

Possible MAXIMAL magnetic symmetries for a magnetic phase with
parent space group P-3m1, propagation vector (1/3,1/3,1/2) and
magnetic atom at 1b (0,0,1/2) allowing zon-zero moments on all 1b sites

Example: Ba3Nb2NiO9
MAGNDATA #1.13



k-SUBGROUPSMAG Example: Ba3Nb2NiO9
MAGNDATA #1.13



k-SUBGROUPSMAG Example: Ba3Nb2NiO9
MAGNDATA #1.13 k= (1/3,1/3,1/2)  

site:1b(001/2 ) 

Parent space group P-3m1

Generates an mCIF with all the 
information to be used in your 
refinement program:
it contains for instance:

transformation to standard



k-SUBGROUPSMAG Example: Ba3Nb2NiO9
MAGNDATA #1.13

MSG: Pc31c

transformation
to standard 
setting of MSG

in the new mCIF file with the MSG in standard setting:



k-SUBGROUPSMAG  & MAGMODELIZE

Models for each possible MSG can be constructed and 
magCIF files can be downloaded to use in other programs 
(refinement, visualization, etc.)

(obtained with MVISUALIZE (Jmol) )

Some of the possible magnetic structures for parent space group P-3m1 
propagation vector (1/3,1/3,1/2) and magnetic atom at 1b (0,0,1/2):



k-SUBGROUPSMAG 

Possible MAXIMAL magnetic symmetries for a magnetic phase with
parent space group P-3m1, propagation vector (1/3,1/3,1/2) and
magnetic atom at 1b (0,0,1/2) allowing zon-zero momento on all 1b sites

Example: Ba3Nb2NiO9
MAGNDATA #1.13



MAGNEXT: Magnetic diffraction systematic absences



MAGNEXT: Systematic absences of msgs

J. Appl. Cryst. (2012). 45, 1236–1247



also for incommensurate magnetic structures from
the input of its superspace group operations



This systematic extinction 
does not necessarily means 
that atomic moments are 
along c !!!!



a*

b*a

b



Reflection (2, -1, 3) 

nuclear/positional reflection condition: 

P63’/m’m’c (194.268):

P63/m’m’c (194.270):

(2h,-h,l)   l=2n

Ba5Co5ClO13

pure magnetic

absent l odd

Magnetic diffraction: 

absent l even

(2h,-h,l)
 

( spins are symmetry restricted to be along c in
both groups)

(magnetic sites: 2a, 4e, 4f. all (0,0,mz)

MAGNEXT  can be used to discriminate between possible models:



Nd2CuO4 

Parent SG: I4/mmm
k1= (1/2,1/2,0)
k2=(-1/2,1/2,0) 

Cu Site: 2a (0,0,0)

(MAGNDATA 2.6)

Modelling multi-k structures with KSUBGROUPSMAG & MAGMODELIZE

Tutorial_magnetic_section_BCS_3



Parent SG: I4/mmm k1= (1/2,1/2,0)
k2=(-1/2,1/2,0) 

Cu Site: 2a (0,0,0)

not necessarily all moments non-zero



Possible magnetic symmetries for a magnetic phase with two 
propagation vectors (1/2,1/2,0) and (-1/2,1/2,0), parent space group 
I4/mmm  and magnetic atom at site 2a.

Nd2CuO4 



Parent SG: I4/mmm k1= (1/2,1/2,0)
k2=(-1/2,1/2,0) 

Cu Site: 2a (0,0,0)

not necessarily all moments non-zero



The MSG symmetry is the result of a magnetic ordering 
according to a single irrep of the gray parent group

Landau condition fulfilled.

Output of Get_mirrreps
for this subgroup



Possible magnetic symmetries for a magnetic phase with two 
propagation vectors (1/2,1/2,0) and (-1/2,1/2,0), parent space group 
I4/mmm  and magnetic atom at site 2a.

Nd2CuO4 Let’s try Get_mirreps
for this other subgroup



The MSG symmetry is NOT the result of a magnetic ordering 
according to a single irrep of the gray parent group

Landau condition NOT fulfilled.



Possible magnetic symmetries for a magnetic phase with two 
propagation vectors (1/2,1/2,0) and (-1/2,1/2,0), parent space group 
I4/mmm  and magnetic atom at site 2ª, and a single
primary irrep active (Landau condition)

Nd2CuO4 



Scheme of the three possible 2k magnetic structures of maximal 
symmetry with propagation vectors (1/2,1/2,0) and (-1/2,1/2,0), 
parent space Igroup I4/mmm, magnetic atom at site 2a, and a 
single primary irrep active.

PC42/ncm
(a+b,-a+b,c; ½, ½, 0)

PC42/nnm
(a+b,-a+b,c; 0, 0, 0)

PC42/mbm  
(a+b,-a+b,c; 0, 0, 0)





PC42/ncm
(a+b,-a+b,c; ½, ½, 0)

PC42/ncm
(a+b,-a+b,c; ½, ½, ½ )

{1| ½ ½ ½ } 

Domain-related equivalent structures



Phys. Rev. B (2022)

The confusion between EQUIVALENT (domain-related) magnetic 
structures and DIFFERENT models fitting equally the diffraction data

SrLaCuSbO6 (MAGNDATA #1.674)

These two arrangements are reported to fit 
equally well the data….They are claimed to 
correspond to two different irreps and 
represent two different alternative models…

k=( ½ ½ 0)

BUT in fact: … they are the SAME magnetic 
structure!

They are related by some of the lost symmetry 
operations. They represent the two forms that 
the same magnetic ordering can be realized in 
the parent structure, forming twin domains  

The two irreps are complex conjugate: they cannot
yield different REAL magnetic arrangements! They
form a SINGLE PHYSICALLY irreducible representation



From Neumann’s principle:

•  all variables/parameters/degrees of freedom compatible with the 
symmetry will be present (their magnitude may be small or large, 
but they are not forced to be zero).   

• Tensor crystal properties are constrained by the (magnetic) 
point group symmetry of the crystal.

• Reversely: any tensor property allowed by the (magnetic) 
point group symmetry can exist (large or small, but it is not 
forced to be zero)
 

Consequences of symmetry

Magnetic point group symmetry assumes a non-zero SOC, and 
therefore it necessarily includes all possible SOC effects, 
independently of their magnitude.

MPGs do NOT introduce constraints that 
can be broken by spin-orbit (SOC) effects 



MTENSOR: Symmetry-adapted form of crystal tensors properties of magnetic  
      crystals



Detailed information in. Gallego et al., Acta Cryst. A (2019) 75, 438-447.
and tutorial: Tutorial_magnetic_section_BCS_1.pdf



MTENSOR: Symmetry-adapted form of crystal tensors properties of magnetic  
      crystals



122 Magnetic Point Groups from MPOINT  



from MPOINT  



Detailed information in. Gallego et al., Acta Cryst. A (2019) 75, 438-447.
and tutorial: Tutorial_magnetic_section_BCS_1.pdf





Jahn Symbols: rank 1 tensors

V eV aV aeV

R R.T det(R)R.T R.T det(R)R.T
R’ R.T det(R)R.T -R.T -det(R)R.T



MTENSOR 

Magnetoelectric tensor:



EuZrO3: magndata #0.146 & 0.147 

Pnm’a

Consequences of symmetry

Pn’m’a’

Output of MTENSOR

http://webbdcrista1.ehu.es/magndata/index.php?index=0.146&submit=Previous+entry


Mn3Sn 

MSG: Cmc’m’  (-b, 2a+b,c;0,0,0) MSG: Cm’cm’  (-b, 2a+b,c;0,0,0)
Magndata #0.199 Magndata #0.200

spins are all
rotated 90 degrees

FM
FM

Magnetization:



FM FM

non-polar group

P=0

Murakawa et al. PRL (2010):


