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 Functional magnetic materials   
– Epitaxial single crystals 

– Non-collinear Magnetism 

– Molecular Magnetism 
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– Frustrated magnets 
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 The challenges of superconductivity 

 High field magnetism 

 Electromagnon and hybrid excitations 
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Functional magnetic materials 

 Permanent Magnets, Magneto-

caloric,  Magnetostrictive 

 

 Multiferroics (Magnetoelectrics) 

 Magnetic shape memory 

 

 Epitaxial magnets 

 

 Nano magnets 

 Molecular magnets 



Functional magnetic materials 

 Epitaxial magnetic (crystal)  

 

 Nano magnetic (crystal) 

 Molecular magnetic (crystal) 

 Multiferroics (Magnetoelectrics) 



Multiferroics (Magnetoelectrics) 

 
T. Kimura et al. Nature 426, 55, 2003 

 Proper FE             Polarization  due to Structural instability  - 

 Imroper FE             Polarization due to some other ordering 

 
M. Kenzelmann et al.,PRL 95, 087206,2005 

 TbMnO3 



BiFeO3, 900x800x40 µm3 

Cycloïde de période 640 Ǻ 

Etat vierge 
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Rotation plane : (-12-1) = P[111]  q1 

Domain I 



Domain II 
P [1-11] 

q1 

Rotation plane : (121) = P’[1-11]  q1 
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H. Béa et al., Phil. Mag. Lett. 87 165 (2007) 

D. Sando et al., Nature Mat. 12 641 (2013) 
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Epitaxial crystals 

BiFeO3 90 nm x 1 cm2    V= 0,009 mm3 



Epitaxial crystals 

τc 

τb 

τa 

75 nm 

80 K 

A. Bataille et al. J. Appl. Phys. 105, 07A928, 2009  

Eu 75 nm x 1 cm2    V= 0,0075 mm23 



Epitaxial crystals 

A. Bataille et al. J. Appl. Phys. 105, 07A928, 2009  

Eu 75 nm x 1 cm2    V= 0,0075 mm3 
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Epitaxial crystals 



Epitaxial crystals 



Epitaxial crystals 

Practical volume now > 0.01 mm3 only CN 

2-3 orders of magnitude smaller needed   HN  

 

 

 

Eu 75 nm x 1 cm2    V= 0,0075 mm3 



80°x25°,    λ=0.84 Å  

VIP Neutron  DIFFRACTOMETER (5C1) LLB  
 



VIP Neutron  DIFFRACTOMETER (5C1) LLB  
 

Yb2Ti207   2 K, 1T 
V~60mm3 

3500 steps of 0.1
 

 
Exposition 4 sec/frame 

951 reflections observed 
 
526   (R-1)> 3σ 
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SPIN DENSITY 

B. Gillon et al.  

Molecular Magnetism 

 

N2(CH)4   (pirimidine)h 

JOINT X-PND REFINEMENT 

Spin down Spin up 

M. Deutch et al.  



Photocrystallography 

Molecular Magnetism 

 

Neutron beam 

Laser 

H

Optical 
Fiber  

0P

crista
l 

A. Goujon, B. Gillon  A Gukasov, J Jeftic, and F Varret Phys. Rev. B 67, 2003 



Molecular Magnetism 

 

A. Goujon, B. Gillon  A Gukasov, J Jeftic, and F Varret Phys. Rev. B 67, 2003 

Practical volume now > 10 mm3 HN  (CN) 

3 orders of magnitude smaller needed HN  

 

 

 



Local Anisotropy in the complex 

[Co2+(DMF)6] 





Multiferroics 
 TbMnO3 

J. De Groot et al. unpublished 



Lines  shows fit using CF parameters from inelastic neutrons  for Tb2Ti2O7.   

I. Mirebeau, M. Hennion and P. Bonville . Phys Rev. B 184436, 2007 

Mi =χij Hj +  λ<Mj> 

Soft-Ising  (Spin Liquid  Tb2Ti207) 

δ≈15 K 
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H // 110 

270 K 100 K 10 K 

FROM HEISENBERG TO ISING BEHAVIOR 

Ellipsoids are multiplied by T to compensate Curie-Weiss behavior 



ASPs on Powder  

           Tb2Sn2O7 

  2k  5T                                  100k 5T   



ASPs using   Unpolarized Neutrons 

 

Extinction rules for pyrochlore impose  

(00h)=4n 

Im(400)~χ11 Heisenberg behavior  

a/4 

Fd-3m 



Lattice is doubled under magnetic field 

(200) appears 

Im (200)~χ12 Ising or XY behavior  

Im(400)~χ11 Heisenberg behavior  

a/2

4 

ASPs using   Unpolarized Neutrons 

 



CHILSQ  program in CCSL (P J Brown) 



WAITING FOR FULLPROF 
 



Local Anisotropy 
 

Practical volume now > 10 mm3 HN  (CN) 

3 days for full temperature dependence 

 

Should be not more than several hours to 

work as a local (site) Magnetometer 

 

 



Ca1.5Sr0.5RuO4 
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Large amount of 

magnetization on Oxygen 

0.35 B  Ruthenium 

0.08 B   Oxygen (in-plane) 

0.01 B   Oxygen (apical) 

A. Gukasov , M Braden, R J Papoular, S Nakatsuji and Y Maeno . 

 PRL89, 87202 

Superconductivity 



Superconductivity 

3d t2g type;   66% in   xz/yz symmetry 



Superconductivity 

Varma loops 

V. Balédent, et al. Phys. Rev. Lett. 105, 

027004 (2010). 



Superconductivity 

Practical volume now > 100 mm3 CN 

For non superconducting samples 

 

2-3 orders needed                      HN 

 

 



Frustrated Magnets 

Spin Ice    

Spin Liquid 

Spin Liquid 

D7 NPA 

6T2 PSD 





Frustrated magnets Diffuse 

Scattering 

Practical volume now > 400 mm3  CN 

 

2-3 orders and 3D q access needed CN  

 

 



Frustrated Magnets in field 



Frustrated magnets  
   Magnetic Field , Multipolar interactions 

 

Practical volume now > 10 mm3  HN 

 

High qmax needed and data redundancy                          

for various corrections                 HN 

 

 [1] W. Witczak-Krempa W. al.  Annual Review of Cond. Matt. 

Phys., 5,  57, 2014 



Emergent Phenomena 



Emergent Phenomena 





PND  PROVIDES 

 Spin Densities 

 Magnetic structure refinement 

 Atomic Susceptibility Parameters 

 Non-collinear Magnetization Densities ? 


