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Introduction to  
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A user-friendly software for the analysis of powder and 

single-crystal diffraction data 
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Why a new software?
Scientific reason

October 2015: D3/Cryopad experiment on CaBaCo3FeO7 

• complex magnetic structure 
• polarization matrices not easily interpretable 
• presence of magnetic domains and structural twins 
• necessity to co-refine unpolarized and SNP data 

On the market: 

• muFit 
• CrysFML routine (never tested)

Result: A software that brings you from a magnetic structure to a polarization matrix

Qureshi et al. (2018) Phys. Rev. B 97 064404
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ARRNGE

Why a new software?
Workflow reason

AVEXAR

DATARED

SFLSQ

MAG3D

DATAP

FP2K

FP STUDIO

averaging, statistics

absorption/extinction correction

least-squares refinement

structure visualisation
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Why a new software?
User-friendliness reason
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About Mag2Pol
Basic features

• What is Mag2Pol? Analysis software for X-ray and (polarized) neutron diffraction data 

• What does it do? Visualizing and refining nuclear and magnetic structures (+ a lot of useful tools) 

• What kind of data? Powder patterns, integrated intensities, flipping ratios, polarization matrices 

• What is it written in? C++ (Qt5, Eigen, QCustomPlot, OpenGL, tinyxml2)   

• Where can I get it? Download standalone package for Windows, macOS or Linux on www.ill.eu/mag2pol  

• Is there any documentation? Qureshi, J. Appl. Cryst. 52 175 (2019), up-to-date manual,  
                                               examples, tutorials, introductory courses 
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About Mag2Pol
Evolution

First released version 1.3.1 
(2018)

Latest version 7.2.2 
(2025)
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About Mag2Pol

• 3D unit cell plot (nuc + mag) 
• Space group support 
• Calculation of single (hkl) 
• Refinement of SNP data 
• Magnetic domains 
• 3He cell correction

v1.0

Evolution
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About Mag2Pol

• Co-refinement of INT and SNP 
• Structural twins 
• Constraints 
• Reflection lists 
• Intensity maps and cuts  
• Form factor plots 
• Multipole expansion

v1.0

Evolution
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About Mag2Pol

• Cif- and mcif file support 
• Nuclear structure refinement 
• Absorption correction 
• Crystal model tool 
• Basis vectors 
• Anisotropic temperature factors

v1.0 - v2.2

Evolution
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About Mag2Pol

• Instrument definitions 
• Xml file support 
• Isotope support 
• X-ray support 
• Multiple INT data support 
• Distance and angle calculations

v2.3 - v2.4

Evolution
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About Mag2Pol

• Irreducible calculations 
• Powder pattern simulation 
• Magnetization density maps 
• Multiple phase support 
• Schwinger flipping ratios 
• Graphics update 
• Bonds and polyhedra 
• 3D maps

v3.0 - v3.2

Evolution
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About Mag2Pol

• Spin-correlation tool 
• Magnetic PDF 
• Multi-q structure plot 
• Redesigned app 
• Rietveld (batch) refinement 
• Pattern plotter (1D, 2D, 3D) 
• UB matrix tool 
• 3D guides to the eye

v3.3 - v4.3

Evolution
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About Mag2Pol

• Customizable toolbar 
• TOF Rietveld refinement 
• Site symmetry detection for ADPs 
• Multi-q and configurational domains 
• Magnetic form factor models 
• Space group tables, MSGs, MSSGs

v4.4 - v5.1

Evolution
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About Mag2Pol

• Group-to-subgroup transformations 
• Interactive pattern simulation 
• q-vec and cell finder 
• LeBail refinement 
• Local susceptibility approach 
• Multiple FR or SNP file support 
• Crystal calculator tool 
• Fit macros

v5.2 - v6.0

Evolution
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About Mag2Pol

• Perspective view 
• Depth effect 
• Cell animation tool 
• Rigid bodies 
• IRF files 
• Microstructure analysis 
• Freeform constraints

v6.1 - v7.0

Evolution
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About Mag2Pol

• Bond distance tool 
• CDML labels 
• Brillouin zone labels 
• 3D model export 
• Mixed irreps fit macros 
• Multipattern batch fit

v7.1 - v7.2

Evolution
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About Mag2Pol

• irreps of the full group 
• physically irreducible irreps 
• multi-q structures 
• TOF single crystal 
• twin visualization

future v8.0

Evolution
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General features
Demonstration
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Propagation vector finder
Demonstration
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Magnetic space groups

Perez-Mato et al., Annu. Rev. Mater. Res. 45 13 (2015) 

Example: GdMn2O3, Pbam (#55), q = (½ 0 0) using MAXMAGN from the BCS (crystal.ehu.es)

Demonstration

http://crystal.ehu.es
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Example: GdMn2O3, Pbam (#55), q = (½ 0 0) using MAXMAGN from the BCS (crystal.ehu.es)
Perez-Mato et al., Annu. Rev. Mater. Res. 45 13 (2015) 

Demonstration
Magnetic space groups

http://crystal.ehu.es
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Magnetic space groups

• parent SG transformation 

• MSG transformation 

• automatic splitting of sites 

• test structural/magnetic d.o.f.

Example: GdMn2O3, Pbam (#55), q = (½ 0 0) using MAXMAGN from the BCS (crystal.ehu.es)
Perez-Mato et al., Annu. Rev. Mater. Res. 45 13 (2015) 

Demonstration

http://crystal.ehu.es
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Magnetic superspace groups
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<latexit sha1_base64="VmCqj4ave9tQmLCXaONrvlKny6c=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3LisYB/YDiWTZtrQTDIkGUsZ+hduXCji1r9x59+YTmehrQcCh3PuIfeeIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMbmd+64kqzaR4MJOY+hEeCBYygo2VHrt9ORZYKTnulStu1c2AlomXkwrkqPfKXzZMkogKQzjWuuO5sfFTrAwjnE5L3UTTGJMRHtCOpQJHVPtptvEUnVilj0Kp7BMGZervRIojrSdRYCcjbIZ60ZuJ/3mdxIQ3fspEnBgqyPyjMOHISDQ7H/WZosTwiSWYKGZ3RWSIFSbGllSyJXiLJy+T5nnVu6pe3l9Uamd5HUU4gmM4BQ+uoQZ3UIcGEBDwDK/w5mjnxXl3PuajBSfPHMIfOJ8/+66REQ==</latexit>

→

<latexit sha1_base64="Ui7k0D1cTRYDNGVj+ogNQnZaQtw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgQcKu72PAi8eI5gHJEmYnnWTI7OwyMyuGJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VxIJr47rfTm5peWV1Lb9e2Njc2t4p7u7VdZQohjUWiUg1A6pRcIk1w43AZqyQhoHARjC8mfiNR1SaR/LBjGL0Q9qXvMcZNVa6f+qcdYolt+xOQRaJl5ESZKh2il/tbsSSEKVhgmrd8tzY+ClVhjOB40I70RhTNqR9bFkqaYjaT6enjsmRVbqkFylb0pCp+nsipaHWozCwnSE1Az3vTcT/vFZietd+ymWcGJRstqiXCGIiMvmbdLlCZsTIEsoUt7cSNqCKMmPTKdgQvPmXF0n9tOxdli/uzkuVkyyOPBzAIRyDB1dQgVuoQg0Y9OEZXuHNEc6L8+58zFpzTjazD3/gfP4AC1qNlg==</latexit>x3<latexit sha1_base64="VmCqj4ave9tQmLCXaONrvlKny6c=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgQsqM+FoW3LisYB/YDiWTZtrQTDIkGUsZ+hduXCji1r9x59+YTmehrQcCh3PuIfeeIOZMG9f9dgorq2vrG8XN0tb2zu5eef+gqWWiCG0QyaVqB1hTzgRtGGY4bceK4ijgtBWMbmd+64kqzaR4MJOY+hEeCBYygo2VHrt9ORZYKTnulStu1c2AlomXkwrkqPfKXzZMkogKQzjWuuO5sfFTrAwjnE5L3UTTGJMRHtCOpQJHVPtptvEUnVilj0Kp7BMGZervRIojrSdRYCcjbIZ60ZuJ/3mdxIQ3fspEnBgqyPyjMOHISDQ7H/WZosTwiSWYKGZ3RWSIFSbGllSyJXiLJy+T5nnVu6pe3l9Uamd5HUU4gmM4BQ+uoQZ3UIcGEBDwDK/w5mjnxXl3PuajBSfPHMIfOJ8/+66REQ==</latexit>

→

<latexit sha1_base64="h9MAYhjo553jkCydb+R7eszQqSY=">AAACD3icbVDLSsNAFL3xWesr1qWbwSK4kJKIr2XBjcsK9gFtKJPppB06mYSZibSGfoQ/4Fb/wJ249RP8Ab/DaZqFbT0wcDjn3jmX48ecKe0439bK6tr6xmZhq7i9s7u3bx+UGipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h7dTv/lIpWKReNDjmHoh7gsWMIK1kbp2Ke1kn6SRxKJPJ+hp0rXLTsXJgJaJm5My5Kh17Z9OLyJJSIUmHCvVdp1YeymWmhFOJ8VOomiMyRD3adtQgUOqvDSLnaATo/RQEEnzhEaZ+ncjxaFS49A3kyHWA7XoTcX/vHaigxsvZSJONBVkFhQkHOkITYtAPSYp0XxsCCaSmVsRGWCJiTZ1zaWMZqcWTTHuYg3LpHFeca8ql/cX5epZXlEBjuAYTsGFa6jCHdSgDgRG8AKv8GY9W+/Wh/U5G12x8p1DmIP19QtxFZ1a</latexit>z
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Superspace approach: generalization to a higher-dimensional 

space in order to recover translational symmetry

additional modulation functions (atomic positions, 

magnetic moments, thermal displacement tensor, 

occupation probability …

Consider atomic modulation with propagation vector 

along z —> symmetry is recovered by superspace 

translation

There are 9303 (3+1)d, 53756 (3+2)d and 262068 

(3+3)d MSSGs Stokes and Campbell, Acta Cryst. A78 364 (2022)

Demonstration
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additional modulation functions (atomic positions, 

magnetic moments, thermal displacement tensor, 

occupation probability …

Consider atomic modulation with propagation vector 

along z —> symmetry is recovered by superspace 

translation

There are 9303 (3+1)d, 53756 (3+2)d and 262068 

(3+3)d MSSGs

Superspace approach: generalization to a higher-dimensional 

space in order to recover translational symmetry

Stokes and Campbell, Acta Cryst. A78 364 (2022)

Demonstration
Magnetic superspace groups
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<latexit sha1_base64="quvxxcEPBFkVZM/LE1ZpH+BW+kM="></latexit>

R · q = RIq+HR

In (3+1)d space superspace (= 1 modulation) operators are 4-dimensional

<latexit sha1_base64="fwyYOpOK/Agw+ZKfCjnbosE4hjk="></latexit>

M
→(RIω + ω0 +HR · r→) = ε det(R)R ·M(ω)

Seitz notation:
<latexit sha1_base64="iBwkbKdQn1eCIayiReCGxCPBmxw=">AAACIXicbZDJSgNBEIZ7XGPcoh69DAlChBBmxO0Y8OIxilkgCaGnU5M06ekZumuEMObue3j3qq/gTbyJL+Bj2FkEk1jQ8PP9VVT170WCa3ScT2tpeWV1bT21kd7c2t7ZzeztV3UYKwYVFopQ1T2qQXAJFeQooB4poIEnoOb1r0Z+7R6U5qG8w0EErYB2Jfc5o2hQO5PNNwOKPc9PbodtXWhiD5A+/DI07LidyTlFZ1z2onCnIkemVW5nvpudkMUBSGSCat1wnQhbCVXImYBhuhlriCjr0y40jJQ0AN1Kxn8Z2keGdGw/VOZJtMf070RCA60HgWc6R0fqeW8E//MaMfqXrYTLKEaQbLLIj4WNoT0Kxu5wBQzFwAjKFDe32qxHFWVo4pvZIjkD3xjDtInGnQ9iUVRPiu558ezmNFcqTENKkUOSJXnikgtSItekTCqEkUfyTF7Iq/VkvVnv1sekdcmazhyQmbK+fgAzx6SK</latexit>

(Rs, ω|ts)

same as beforephase shift

R transforms q 
either to q or -q

<latexit sha1_base64="xG2JX3ecqeJGmVsMdJAS39n+feM="></latexit>
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             only if a commensurate 
component is present, e.g.
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HR →= 0

Perez-Mato et al., J. Phys.: Condens. Matter 24 163201 (2012)
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Campbell et al., J. Appl. Cryst. 39 608 (2006)

Example: TbMnO3, Pbnm (#62), q = (0 0.27 0) using ISODISTORT (iso.byu.edu)
Kenzelmann et al., Phys. Rev. Lett. 95 087206 (2005)

Demonstration
Magnetic superspace groups

http://iso.byu.edu
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Example: TbMnO3, Pbnm (#62), q = (0 0.27 0) using ISODISTORT (iso.byu.edu)

• support of numerical label  

• MSSG transformation 

• automatic splitting of sites 

• test structural/magnetic d.o.f.

Campbell et al., J. Appl. Cryst. 39 608 (2006)Kenzelmann et al., Phys. Rev. Lett. 95 087206 (2005)
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Conclusions
Very objective

• Mag2Pol is an easy-to-use software to prepare, perform and 

interpret X-ray/neutron diffraction experiments 

• Flexibility in describing (magnetic) structures and refining 

them on multiple data sets   

• Numerous useful tools to make your life easier 

• Under constant development with strong connection to the 

user community
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Tutorials
Proposed outline

• how to setup nuclear/magnetic structures, how to use the 
different tools

PART Ia - General overview of the program

PART Ib - SNP data analysis on LiNi0.8Fe0.2PO4

PART II - Magnetic structure analysis on Co0.5Ni0.5V3O8

• Setting up nuclear/magnetic structures (Cartesian/spherical coordinates, irreps 
+ MSG), magnetic domains, correction and refinement of SNP data

• Refinement on powder data, determination of propagation vector, magnetic 
refinement using irreps, inclusion of single-crystal data

PART III - Magnetic structure analysis on CuO

• Refinement on single-crystal data, magnetic refinement using irreps, use of 
MAXMAGN/ISODISTORT with Mag2Pol to retrieve MSG/MSSG, refinement 
using mixed irreps
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