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Multi-k magnetic structure situations
 Inhomogeneous sample or multiple magnetic 

ground states with similar energies
 - two or more non-equivalent k vectors that
   can be treated as multiple magnetic phases

 Structures where different moment components are 
described by different k-vectors (canted helical structures) 

 - non-equivalent k vectors that can be 
   looked as two magnetic phases

 Structures with multi-k of the same “star”  
(Hard to distinguish from single-k structures)

 - distinct k-vectors applies to different magnetic sites

 - multiple k-vectors act 
    concomitantly on all sites
    (Skyrmion lattices) 

3-k order in
 Na2Co2TeO6

2-k- order in 
BaNd2ZnO5

k1=(0,0,0) ,
k2=(0,0,0.165) 

DyMn6Ge6

k1 = (0, 0, ½)
k2 = (0, ½, 0) 

k1 = (0, 0, ½)&
k2 = (½, 0, 0)&
k2 = (0, ½, 0)k1 = (0, 0, ½)

3-k order in
 Gd2PdSi3
(D. Khalyavin)
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2k- order in the Shastry-Sutherland lattice of BaNd2ZnO5

Y. Ishii et al, 10.1103/PhysRevMaterials.5.064418

I4/mcm (#140)TN = 1.80(5) K.  

data measured at 250mK and 2.5K : difference data  250mK - 2.5K 
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load the model from ICSD35906.cif, and use the “hb2a_2p41A_resolution.irf” and 
data file  “BNZO_0p25.dat” ( in X-Y-Err format / Ins 10)

! Excluded regions (LowT  HighT) 
       72.50       74.00
      110.00      150.00
Aluminum peaks due to sample holder are ignored 
in this example

Use the steps given in previous examples to create a crystal model for fitting
the nuclear peaks 

The resulted PCR file for fitting the nuclear contribution in: BNZO_nuc.pcr
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Use the BNZO_nuc.prf to select the magnetic peaks and find the k-
vector using the k-search program 

The determined propagation vector is  k = (½, ½, 0)
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Explore the possible magnetic models compatible a single k = (½, ½, 0), 
using the MAXMAGN in BCS

Load structure from ICSD35906.cif

Save the MCIF file corresponding to the MSG 
Camca (#64.480) 
Transform to standard: 1/2a-1/2b,c,-1/2a-1/2b;1/4,0,0
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Create a PCR from MCIF using the FullProf ToolBar

Modify the created PCR with the correct 
instrument parameter information from the 
nuclear_PCR file. 

Make sure to maintain the new supercell 
(2a, 2a, c) !     a            b             c        

13.4723  13.4723  11.5195
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The single k-model consists of two Nd 
sites with very different moments. 
One Nd moment is nearly zero, 
which can’t be explained 
considering the same 
crystallographic environment 

Perform the refinement on the BNZO_0p25.dat  data
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Explore the possible magnetic models compatible a double-k ,  
(½, ½, 0) and (½, -½, 0) using the k-SUBGROUPSMAG

Load crystallographic information 
from ICSD35906.cif

Select the MSG 
PC4/ncc (#130.433) 
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Select the MSG  PC4/ncc (#130.433) 

Create a PCR from MCIF using the FullProf ToolBar

Modify the created PCR with the correct instrument 
parameter information from the nuclear_PCR file. 
The new supercell is the same as for the 1k structure 
(2a, 2a, c)
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Perform the refinement on the BNZO_0p25.dat  data

Constrain mx = -my to force the moments 
orthogonal to Nd bonds

The double k-model consists of uniform 
moment on Nd sites with ferromagnetic dimers. 



1212 Magnetic Structure Determination Workshop, Duke Univ.,  July 2026

Creating  the 2k- order moder using Irreps with SARAh

Calculate the Irreps and Basis vectors for 
each k vector contribution to the 
double-k :  (½, ½, 0) & (½, -½, 0) 

Edit the PCR file to combine the BV for both 
k vectors. See the provided PCR 
“Irreps_2k_BNZO.pcr”
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Creating  the 2k- order moder using ISODISTORT 
(basis functions refinement under magnetic space group constraints)
https://iso.byu.edu/isodistortform.php

1.)
2.)

3.)

single k model

double-k model
4.)

5.)
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Creating  the 2k- order moder using ISODISTORT (cont)
• Edit the saved PCR file to update the input lines and the profile parameters
• the provided PCR file prepared using this method is: “Isodistort_2k_BNZO.pcr”

• Get the refined moment value 
from *.sum or *.out file:
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3-k magnetic structure in honeycomb system Na2Co2TeO6

Orders with k = (1/2 , 0, 0) below ~25 

Single k structure consist of a zigzag-

type order described by the MSG  

PC212121 (# 19.29) in (2a,b,c) lattice

Phys. Rev. B 104, 184415 (2021)

k1= (1/2, 0, 0), k2= (0, 1/2, 0), k3= (-1/2, 1/2, 0), 
Supposition of k1+ k2 + k3 
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Experimental evidences of the triple-k order in Na2Co2TeO6

Yao et al. Phys. Rev. Res. 5, L022045 (2023)Krüger et al. Phys. Rev. Lett. 131, 146702 (2023)

the magnetic Brillouin zone in a multi-q state differs 
from those of the corresponding single-q states. 
 different symmetries of the magnetic excitations

field is unable to 
repopulate
the supposed 
zigzag domains

External perturbation (e.g., in-plane
magnetic field, strain, etc.) can be expected to 
selectively populate the domains if the zigzag 
ground state is realized
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Simulate data using the reported single-k structure

Use the provided mcif file “Na2Co2TeO6_1k_model.mcif” to create a PCR file and run it 
in simulation mode, using the default experimental settings, to create a diffraction profile

Save the calculated 
data in a “dat” file

One such file is provided 
in the archive 
“NCTO_1k_model_data.
dat”
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Explore the possible magnetic models compatible a triple -k :
  (½, 0, 0) , (½, 0, 0) and (-½, ½, 0)  using the k-SUBGROUPSMAG

Load crystallographic information 
from “nuc_Na2Co2TeO6.cif”
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Select the MSG  P632’2’ (#182.183). Note that the magnetic lattice becomes (2a, 2a, c) 

Create a PCR from MCIF 
using the FullProf ToolBar

There is no need to adapt instrumental configuration in the 
PCR file because the data was created from the same 
default setting.  Change the Job to “1” (for Rietveld fitting) 
and “NCY“ to 10. Also remove VARY mxmymz comment. 
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Perform a constrained refinement on the “data_na2co2teo6_1k_model.dat”  data

• Constrain the in-plane and out of plane moment 
components to be equal for all sites. 

• Refine the scale factor since the size of unit cell is 
different. 
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each of the two non-identical Co sites of the parent structure is divided into
 two additional magnetic sites (with multiplicities 6 and 2),
 leading to 4 magnetic sublattices.

Triple-k order in Na2Co2TeO6

mCo11 = (2.32, 0, -0.5) μB, 
mCo12 = (0, 0, 0.5) μB, 
mCo21 = (2.32, 2.32, 0.5) μB 

mCo22 = (0, 0, -0.5) μB.

Use FullProf Studio or Vesta to visualize
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Constructing the 3k-structure of Na2Co2TeO6, using ISODISTORT

• Load crystallographic information from 
“nuc_Na2Co2TeO6.cif”

• Select magnetic distortion for Co
• Use Method 2 and select M (1/2,0,0) 

Single k= (1/2, 0, 0), 

zigzag-type order 
described by 
PC212121 (# 19.29)

Triple – k

described by 
P632’2’ (#182.183)
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• Select the IR mM2

Single-k model 

Triple-k model 
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• Save the 3k model into FullProf PCR

The PCR from Isodistort has slightly different 
settings in the experimental input (wavelength, 
background points, etc. It is recommended to 
copy that front section from the previous PCR, 
made with mcif2pcr tool, and ensure that the 
Job to “1” (for Rietveld fitting) and “NCY“ to 
nonzero.  
The B-factors also needs to be checked (the 
program puts some default values).

see the provided file “NCTO_3k_Isodistort.pcr”

.  

Refine the amplitudes of magnetic 
modes and the scale factor
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• Or from the created FullProf Studio file

• Get the refined moment value 
from *.sum or *.out output files 

FullProf Studio created picture 

NCTO_3k_isodistort_1_Irrep_M1.fst
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Optional homework:
• load the single-k file of Na2Co2SbO6  from MagnData (entry# 1.788)  

and create the 2k magnetic structure (see result in the entry # 2.116)

V. O Garlea, C. Sarkis, Acta Cryst. B (2025) 81 11 - 27
DOI: 10.1107/S2052520624009831

https://www.cryst.ehu.es/magndata/index.php?this_label=1.788
https://www.cryst.ehu.es/magndata/index.php?this_label=2.116
http://dx.doi.org/10.1107/S2052520624009831
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