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Circular dichroism elucidates spin -orbit interaction 

in magnets  
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Half -metallic ferromagnets  
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TMR with half-metallic ferromagnetic contacts works like a switch 

Tunneling magnetoresistance (TMR)  
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X-ray Magnetic Circular Dichroism (XMCD)  
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Element -specific Magnetometry  
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P. Klaer, Phys. Rev. B 82, 024418 (2010) 
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Recovering of spin -resolved partial density of states  

780 800 820
0

1

2

 
 

m
is

o

Photon energy (eV)

Co

780 800 820
0

1

2

 

 

s
te

p
 f
u

n
c
ti
o

n

Photon energy (eV)

Co

780 800 820

-1

0

 

 

(m
+
-
m- )/

2
P

j

Photon energy (eV)

780 800 820
0

1

2

L
2

 

 

D
u

p
; 
D

d
o

w
n

Photon energy (eV)

L
3

Result: 



Folie Nr.  7 

Datum:  18.04.2011 

792 794 796 798 800 802 804 806

-1

0

778 780 782 784 786 788 790 792
-4

-2

0

 

Co
2
FeSi

 

 P
D

O
S

 (
a

rb
 u

n
it
s
)

E
F

Co L
3
-edge

(a)

Co
2
FeSi

 

 

Photon Energy (eV) 

 P
D

O
S

 (
a

rb
 u

n
it
s
)

E
F

Co L
2
-edge

(b)

Deconvolution 

with 

Lorentzian Function 

FWHM = 0.4 eV 

Recovering of spin -resolved partial density of states  
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Kandpal et al. Phys. Rev. 

B 73, 094422 (2006) 

Recovering of spin -resolved partial density of states  
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Majority Minority 

Correlation of core hole and excited electron  

DEc = 0.5 eV = const. 



Folie Nr.  10 

Datum:  18.04.2011 

778 780 782 784 786 788 790 792

-2

0

 Photon Energy (eV) 

E
F

Co
2
TiSi

 

 

P
D

O
S

 (
a

rb
 u

n
it
s
)

(a)

DEc 

Localized state 
Itinerant state 

Two-step increase of majority states Ą Exp. Value of DEc 

Polycrystalline bulk sample 

S. C. Lee et al., J. Appl. Phys. 97, 10C307 (2005) 



Folie Nr.  11 

Datum:  18.04.2011 

-4

-2

0

-4

-2

0

-4

-2

0

780 782 784
-4

-3

-2

-1

0

1

Co
2
MnSi, DE=0.1 eV

 

 

P
D

O
S

 (
a

rb
 u

n
it
s
)

E
F(a)

,  FWHM = 0.3 eV

 

 

P
D

O
S

 (
a

rb
 u

n
it
s
) 

E
F(b)

,  FWHM = 0.4 eV

 

 

 

 P
D

O
S

 (
a

rb
 u

n
it
s
)

E
F(c)

,  FWHM = 0.45 eV

 

 

Photon Energy (eV) 

 s
te

p
 f

c
t.

 (
a

rb
 u

n
it
s
)

E
F

(d)

,  FWHM = 0.49 eV

Influence of  

Lorentz - FWHM  

on 

deconvolution result 

FWHM larger than 

life-time broadening 

Robust half-metallic 

properties for Co2MnSi 

DEc     4 nm Al 

Co2MnSi(100) 

 

      MgO(100) 



Folie Nr.  12 

Datum:  18.04.2011 

-4

-2

0

2

4

 

 P
D

O
S

 (a
rb

 u
n

its
)

 

Co2FeSi Co2MnSi 

N*=6 N*=5 

0 1 2 3 4 5 6
0

1

2

3

4

5

6

µ
B
 /
 f
o

rm
u

la
 u

n
it

Number of valence electrons

0 6
0.0

0.5

1.0

E
m

a
x
-E

F
 (

e
V

)

Number of valence electrons

Rigid band model  



Folie Nr.  13 

Datum:  18.04.2011 

-4

-2

0

-4

-2

0

-4

-2

0

-4

-2

0

0 2 4 6 80 2 4 6 8

Co
2
FeAl

 

E
F

(e)

 

Co
2
FeAl

0.3
Si

0.7

 

E
F

(f)

 

E
F

(g)

,  sample (g)

Co
2
FeAl

0.3
Si

0.7
 (*)

 

E
F x 4

(h)

Co
2
MnSi

 

P
D

O
S

 (
a
rb

 u
n
it
s
)

E
F

(a)

Co
2
Fe

0.5
Mn

0.5
Si

 

P
D

O
S

 (
a
rb

 u
n
it
s
) 

E
F

(b)

Co
2
FeSi

 

 P
D

O
S

 (
a
rb

 u
n
it
s
)

E
F

(c)

Co
2
Cr

0.6
Fe

0.4
Al

 

 P
D

O
S

 (
a
rb

 u
n
it
s
)

E
F

(d)

 

 

 

 

 

 

 

(E-E
F
)  (eV)

 

 

 

 

 

 

 

(E-E
F
)  (eV)

,  sample (f)

 

Tailoring of band structure in Co 2YZ 
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