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1932, Néel predicts Antiferromagnetic order 











Intermission 



How it starts? 



Bulk Data Comes In 

Physical Review B 78, 22514 (2008) 





Neutrons to the Rescue 

Physical Review B 78, 140504 (2008) 
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Reciprocal Space 
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Here there be dragons… 
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Laue Condition 



Here there be dragons… 
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Ewald Sphere 



So… 

• See scattering where reciprocal lattice point 
lies on Ewald Sphere 

• But, whither magnetism??? 
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After a lot of math and Quantum Mechanics… 
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Guess and Check (Refinement) 

Compare predicted intensities to data 
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Choices 



Goodness of Fit 

2 2

1
( ( ))

n

i i ciw y yχ α= −∑ 2

1
i

i

w
σ

=

1
2

2

1

2

1

( ( ))
100

( )

n

i i ci

wp n

i i

w y y
R

w y

α − 
 =
 
 
 

∑

∑

or 



Optimization Approaches 

Simulated Annealing 

Marquardt-Levenberg 

Genetic Algorithm 



How I proceed 

• Think about the problem 
• Powder diffraction 
• Think some more 
• Try Representational Analysis 
• Single crystal diffraction 
• Think a lot!!! 
• Polarized diffraction 
• Spherical polarimetry 
• Think some more… 



YMn2O5 

Powder 

xtal 

Xtal+spherical polarimetry 

Xtal+more representation analysis 



Powder Diffraction 

Advantages 
• You get the big picture 
• Can get the propagation 

vector 
• Avoids the muss and fuss of 

extinction 
• It’s often Good EnoughTM 

Disadvantages 
• Can be hard to truly index k—

is it [3 4 0] or [0 0 5]? 
• You average over all symmetry 

equivalent k at any particular 
Bragg angle 

• You lose information in the 
powder averaging  

• No domain info 
• No multi-k info 
• Can be very hard to determine 

phase 



• Determine the propagation vector 
• Use symmetry analysis to constrain the 

possible magnetic structures 
• Refine the moment directions and 

magnitudes 



Single Crystal Diffraction 

Advantages 
• Can fully determine k 
• Can investigate domain 

populations 
• Can apply probes (magnetic 

field, E-field, pressure, etc.) 
along a particular direction 
to see effect on magnetic 
ordering 

Disadvantages 
• Extinction 
• Absorption depends on 

shape 
• Reciprocal space is large… 
• Crystal growth is hard… 

 



Where Do I Go? 



http://www.neutron.anl.gov/facilities.html 

http://www.neutron.anl.gov/facilities.html


North America 



Powder Diffractometers (Reactor) 

BT1 HB2A C2 

2θ  0-167 2-155 0-120 

detectors 32 44  He3  800-wire BF3 PSD 

Detector spacing 5 degrees 2.7 degrees 0.1 degrees 

flux 106  (n/cm2/s) 5x106 (n/cm2/s) 7x107 (n/cm2/s) 

Sample 
Environment 

.05-2000K 
7 T magnet 
Pressure 

0.3-1800K 
7T magnet 

1.5K-800K 
7.5 T Vertical, 2.7 T 
Horizontal 

Monochromators Cu, Ge Ge Cu,Ge, Be, Al, PG, Si, 
Heussler 

LUJAN:  HIPD, HIPPO 



Powder Diffractometers (Spallation) 

• POWGEN (SNS) 
• Q=0.5-20 Å-1 

• Detector 25 < 2θ < 150 
 

• NOMAD (SNS) 
• Q=0.5-50 Å-1 

• Detector 3 < 2θ < 175 
 



Single Xtal Diffractometers 

• HFIR—HB3A 
• SNS – TOPAZ  (operational next year?) 
• LUJAN – SCD (No longer in user program) 
• Chalk River—E3, N5 
• NIST --  Hopeful… 



Triple Axis Spectrometers 

• NIST—BT4, BT7, SPINS 
• HFIR – HB1A, HB1, HB3, C4  
• Chalk River –  C5, N5 



Questions? 



Bragg’s Law 
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