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So#	
  X-­‐ray	
  Absorp.on	
  Spectroscopy	
  
Basic	
  
Experimental	
  Setup	
  
Unique	
  Features	
  of	
  So#	
  X-­‐ray	
  absporp.on	
  	
  

-­‐  Chemical	
  analysis	
  
-­‐  Orbital	
  polariza.on	
  
-­‐  Magne.c	
  Circular	
  Dichroism	
  	
  

Applica.ons	
  
- 	
   Magne.c	
  materials	
  
-  Energy	
  materials	
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So#	
  x-­‐ray:	
  250	
  eV	
  ∼	
  a	
  few	
  keV	
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Interac.on	
  of	
  photons	
  with	
  maZer:	
  

Synchrotron	
  
Radia.on	
  

Transmission	
  
	
  (absorp.on)	
  

Inelas.c	
  	
  
ScaZering	
  

photoemission	
   Reflec)on	
  
Fluorescence	
  

Crystal	
  

ScaZering/Bragg	
  Diffrac.on	
  

4 

Photoelectric	
  effect	
  

Photoabsorp.on	
  

ScaZering/diffrac.on	
  	
  	
  	
  	
  

• 	
  la_ce	
  structure:	
  arrangement	
  of	
  atoms	
  	
  	
  
• 	
  electronic	
  states	
  
• 	
  magne.c	
  order	
  
• 	
  excita.ons	
  (electronic	
  states	
  or	
  phonons)	
  

Ioniza)on	
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Basics	
  of	
  X-­‐ray	
  absorp.on	
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X-ray Absorption spectroscopy 
An x-ray absorption (XAS) process excites one core electron to 
the unoccupied state and a core hole is created. 
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1s np→ 	
  	
  	
  	
  	
  K-­‐edge	
  XAS	
  can	
  be	
  accurately	
  
described	
  with	
  single-­‐par.cle	
  
methods.	
  

2 3p d→ 	
  	
  	
  	
  	
  	
  L-­‐edge	
  XAS:	
  the	
  single-­‐par.cle	
  
approxima.on	
  breaks	
  down	
  
and	
  the	
  pre-­‐edge	
  structure	
  is	
  
affected	
  by	
  the	
  core	
  hole	
  wave	
  
func.on.	
  The	
  mul.plet	
  effect	
  
exists.	
  

1s 
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3s 
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L2 

L3 
2p1/2 

2p3/2 

3p1/2, 3/2 
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Dipole	
  allowed	
  transi.ons	
  :	
     Δl =±1,  Δml =±1, 0;     Δs = 0

incident	
  light	
  

transmiZed	
  light	
  

Measurement	
  of	
  So#	
  X-­‐ray	
  Absorp.on	
  

mesh	
  

detector	
  

I0 

10 

electrometer	
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Photoelectric	
  
absorp.on	
  	
  

2p1/2	
  
2p3/2	
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3p3/2	
  

3d	
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Photoexcita.on	
  and	
  Relaxa.on	
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3d	
  

K	
  

L1	
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L2	
  
L3	
  

Fluorescent	
  x-­‐ray	
  
emission	
  	
  	
  

3d	
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M	
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L3	
  

Auger	
  electron	
  
emission	
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Photoabsorp)on	
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Incident light 

transmitted light 

Measurement of Soft X-ray Absorption 
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I0 

total electrons 
   (40 ~ 50 Å) 

electrometer	
  

Fluorescence 
(1000 Å) 

Auger electrons 
   (20 Å) 

L3 

L2 

Fe 
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• Two	
  absorp)on	
  “peaks”	
  from	
  2p	
  à	
  3d:	
  

3 22 /p

L3	
  

d	
  

1 22 /p

L2	
  

• Absorp.on	
  cross	
  sec.on	
  is	
  propor.onal	
  	
  
	
  	
  to	
  numbers	
  of	
  d 	
  holes	
  and	
  density	
  of	
  	
  
	
  	
  states	
  in	
  the	
  core	
  level.	
  

• L-­‐edge	
  XAS	
  provides	
  informa.on	
  
on	
  the	
  chemical	
  state,	
  orbital	
  
symmetry,	
  and	
  spin	
  state	
  of	
  
materials.	
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Fe 

Co 
Ni 

Cu 

15 

2 64 3s d

2 74 3s d
2 84 3s d 1 104 3s d

Each	
  element	
  has	
  specific	
  absorp.on	
  energies.	
  
“finger	
  print”	
  à	
  element	
  specific	
  spectroscopy	
  

 L-edge XAS provides information on 
the chemical state, orbital symmetry, 
and spin state of materials.   
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hole doping: 
LaMnO3  à La1-xSrxMnO3 

La0.7Ce0.3MnO3  electron doping? 

3 4Mn Mn+ +→ La3+ 

hν' 

  5Ucd  6Ucd

hν	



3 2Mn Mn+ +→

 Udd

Sr2+ 

53d

+2Mn

2p5 3d 6

10Udd


15Udd


•  Coulomb interactions of 3d + 
core-hole valence interaction +2Mn

+2Mn 3Mn +

MnO2 

MnO 

LaMnO3 

Mn4+ 

Mn3+ 

+2Mn

+2Mn 3Mn +

MnO2 

MnO 

LaMnO3 

Mn4+ 

Mn3+ 

Mitra et al.,  
PRB 67, 92404 (2003) 

43d3Mn +

2p53d 5
10Udd


6Udd


  hν '− hν =Ucd −Udd

Cu 
O 

La/Sr 

High-Temperature Superconducting Cu oxides 

Sr doping: La2CuO4  à La2-xSrxCuO4 

x2-y2 

3z2-r2 

eg 

t2g 

3d crystal
 field 

dxy 
dyz, dzx 

hole doping:  
Cu2+àCu2+ +O 2p holes 

La2CuO4 
(Cu2+ : 3d9) 

La3+ Sr2+ 
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Chen et al. PRL 68, 2543 (1992) 

Orbital Characters of Doped Holes in La2-xSrxCuO4  

3z2-r2 

eg 

t2g 

3d 

dxy 

dyz, dzx 

L2 

L3 

  σ E⊥ĉ >>σ E//ĉ

x2-y2 

	
  L-­‐edge	
  XAS	
  provides	
  informa.on	
  on	
  the	
  
chemical	
  state,	
  orbital	
  symmetry,	
  and	
  spin	
  
state	
  of	
  materials.	
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Polariza.on	
  of	
  Synchrotron	
  Radia.on	
  

Linearly	
  polarized	
  
LeX-­‐handed	
  	
  
circularly	
  polarized	
  

Right-­‐handed	
  	
  
circularly	
  polarized	
  

21	
  

3d 

For	
  2p3/2à3d	
  

22 

So#	
  X-­‐Ray	
  Magne.c	
  Circular	
  Dichroism	
  in	
  Absorp.on	
  

Right-­‐handed	
  circularly	
  
polarized	
  light	
  
preferen.ally	
  excites	
  
spin-­‐down	
  electrons.	
  

Le#-­‐handed	
  circularly	
  
polarized	
  light	
  
preferen.ally	
  excites	
  
spin-­‐up	
  electrons.	
  

L3	
  à3d	
  
For	
  spin	
  up,	
  	
  
	
  
le#-­‐handed	
  
right-­‐handed	
  

=	
  5/3	
  

For	
  spin	
  down	
  
	
  
le#-­‐handed	
  
right-­‐handed	
  

=	
  3/5	
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3d 
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Right-­‐handed	
  circularly	
  
polarized	
  light	
  
preferen.ally	
  excites	
  
spin-­‐down	
  electrons.	
  

Le#-­‐handed	
  circularly	
  
polarized	
  light	
  
preferen.ally	
  excites	
  
spin-­‐up	
  electrons.	
  

For	
  2p3/2à3d	
  

So#	
  X-­‐Ray	
  Magne.c	
  Circular	
  Dichroism	
  in	
  Absorp.on	
  

MCD	
  is	
  defined	
  as	
  the	
  difference	
  in	
  
absorp)on	
  intensity	
  of	
  magne)c	
  systems	
  
excited	
  by	
  leX-­‐	
  and	
  right-­‐handed	
  circularly	
  
polarized	
  light.	
  

−+ −≡ σσMCD

orbital	
  moment	
  ∝	
  (A-­‐B)	
  
Spin	
  moment	
  ∝	
  (A+2B)	
  

So#	
  X-­‐Ray	
  Magne.c	
  Circular	
  Dichroism	
  in	
  Absorp.on	
  

So#	
  X-­‐ray	
  MCD	
  in	
  absorp.on	
  provides	
  a	
  unique	
  
means	
  to	
  probe:	
  

element-­‐specific	
  magne.c	
  hysteresis	
  	
  
orbital	
  and	
  spin	
  moments	
  
magne.c	
  coupling.	
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There	
  are	
  two	
  ways	
  to	
  obtain	
  a	
  MCD	
  spectrum:	
  
1)  Fixing	
  M,	
  measure	
  XAS	
  with	
  le#	
  and	
  right	
  

circular	
  lights.	
  
1)  	
  	
  	
  

2)  Fixing	
  the	
  helicity	
  of	
  light,	
  measure	
  XAS	
  with	
  
two	
  opposite	
  direc.ons	
  of	
  M.	
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Chen et al.,  
PRB 48, 642 (1993) 
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Nature 416, 301 (2001) 
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