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Local magnetic anisotropy in paramagnets

The susceptibility tensor:

The susceptibility ellipsoid:

the induced magnetization at 
different field orientation

[*] A Gukasov and P J Brown 2002 J. Phys.: Condens. Matter 14 8831

the magnetic response of individual
atoms to an external magnetic field

Ellipsoid is a spher when no local
anisotropy. 
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Polarized neutron diffraction for single crystals
one of the main techniques allowing direct measurements of 
the local susceptibility tensor
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[*] A Gukasov and P J Brown 2002 J. Phys.: Condens. Matter 14 8831



Polarized neutron diffraction for powders

∗ ∗

1. Doubts about the presence of local anisotropy in powder averaged data
2. Rotation of the magnetic crystallites in the magnetic field
3. Absence of appropriate software for Rietveld analysis

*A Gukasov and P J Brown 2010 J. Phys.: Condens. Matter 22 502201

But it is rarely applied:

to get the susceptibility tensor

Two diffraction patterns should be analyzed*:



Strong Anisotropy in Spin-Ice Compound Ho2Ti2O7

Ho atom

moments are along Ising axis <111>

𝑯𝒐 𝑩

5C1 (LLB) 
temperature: 5K
magnetic field: 1T

the sample is sintered to avoid
rotation of crystallites



Isotropical model (5K, 1T)
magnetic ellipsoids

(200) is forbidden:
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Anisotropic model

Neighbors Ho atoms have 
different moments:
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(200) is only in sum:



Single Molecule Complex Co(II)

- averaged moment of Co is *

- Monoclinic singony

simulated diffraction patterns:

*S. Vaidya, et.al. Inorg. Chem. 2018, 57, 3371−3386



Magnetically induced preferred orientation

Crystallites are reoriented
in the magnetic field

a) field is 0T b) field is 1T c) field is 5T

6T2 (LLB) 
temperature: 2K



Subsequent decreasing the field did not cause the crystallites’ reorientation.

c) field is 5T d) field is 1T e) field is 0T

6T2 (LLB) 
temperature: 2K



Changing the sample orientation

The position of Bragg reflections does not 
depend from the rotation of the sample 
over angle

The texture is described in frame of one-
axis model
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Indexation
hax = -0.80
kax = -0.07
lax = 3.42

The texture axis:

The texture axis is along the easy magnetization axis of 
the single crystal (SQUID)



A modified March model*

The shape of crystallites produces the preferred orientation:

- t is the fraction of randomly oriented 
crystallites;

- r is the shape deformation of crystallites;
- α h is the angle between the transfer 

momentum
- k and the preferred orientation axis.

to describe reorientation of crystallites in the magnetic field.

*W.A. Dollase, J.Appl.Cryst. (1986), 19, 267



2D Rietveld analysis

susceptibility tensor to describe integrated 
intensities

t = 0.94(1) – 6% is textured
r = 0.12(1)

texture parameters to describe the shape
of reflections



Macroscopic susceptibility 
(sum of local ones):

texture axis

Local susceptibility ellipsoids:

texture axis



Averaged magnetization at 2K 5T

*S. Vaidya, et.al. Inorg. Chem. 2018, 57, 3371−3386

5T

Field-dependent magnetization measurements 
performed on the polycrystalline sample 
(a MPMS-XL SQUID magnetometer)[*]

From paper[*]:
Mangetization of Co 
along main axes: 

- 3.8 
- 1.9 
- 1.1 

Averaged:
- 2.3(2) 



Conclusion
- Direct measurements of the local susceptibility by polaraized

neutron powder diffraction

- “magnetically textured” powder and the 2D Rietveld 
refinement allows to obtain the precision in the 
determination of the susceptibility parameters

- a software for Rietveld analysis of PNPD data is freely 
distributed through the GitHub service (written in python 3):

https://github.com/ikibalin/cryspy

>> pip install cryspy

or can be installed from the PyPI repository:
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