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Saturable absorption in VUV range

H. Yoneda et al., Opt. Express 17, 23443 (2009)

SPring-8 SCSS accelerator

Sn target (50-80 nm thickness)

Nonlinear transmission of VUV FEL pulse through Sn

hwn = 20-25 eV

Dt = 100 fs

N-edge
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Simulation of elementary processes in highly core-excited metals

Photonic device for X-rays
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4 21 3

3

1

4

2

2

3

1

4

† †

  

1

2
k kk k

k k k k

k k k k c c c cV   











 

1 1

1 1occ if state ( , ) is occupied in the ground state

otherwise

1  

0  
k

k






 





5

†
kk kkc c   

†( ) , ( )kk kki t c c H t
t

   


 
 



: one-particle density matrix

equation of motion

Density matrix equation for electron dynamics

: expectation value

( ) ( )k kkf t t  diagonal element = population of kth MO

1

2 1 33 1 2 1 1

† †
k kkkk k k k

K c c c c


   two-particle density matrix

kk  

3 1 2 1 1

1

3 1 21 3 2kk k k k k kk kk k k
K    

      

correlation
H-F

operator of density-fluctuation excitation

3 2 1 1 1

1

3 1 2

1 21 3

1

3

1

2

( )
( ) ( ) ( ) ( ()) ( )

kk k k
K t

kk kk k k kt kk k kk
i t t t t K S tt




 




 
   




      
   

Born approximation + exchange



6

(1) renormalized energy level

(2) renormalized transition energy k k 

( ( )) kk k kt t     

  IVO ( ) (( ) ( ) ( )) k k kk k kkk k kkk k k V V f t f tt t t  
 

 w             

 1 1

1 2 1 1 12 1 1 2

1

1 2 1 1 2

1 21 2 11

IVO

I 2

( )

O 2V
( ) ( )

(

( )
( )

)
kk k kkk k k k

k k k k

k k k
k k

kk

kk

k k

i
V V f t f t


 

 









w


w

ww
w

w
  





  
       


p

pp



 

(3) renormalized transition matrix in ‘RPA+exchange’

(e-h attraction: improved virtual orbital)
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Generalized rate equation

e-e collision

(intravalence,  Auger) 

radiative

(bound-bound, 

bound-free)

laser intensity

Continuum population = 0

( Escape freely without heating or recombination)

Assumption:

Markov approximation

H.K., J. Phys. B 43, 115601 (2010)
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Boltzmann collision term
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NUMERICAL RESULTS FOR LITHIUM

 = ’ = 0.3 eV

hwn = 60 eV

In = 1014 W/cm2

Population kinetics

11% of core electrons

excited within 40 fs
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22 34.75 10  cmn  

 i r : i = 1s, 2s, 2p
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Time-resolved photoabsorption spectra

Blue shift of the edge  decrease of absorption
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Density of states

Lowering of core levels relative to the valence levels

 red shift of the absorption edge
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Absorption coefficient vs time
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Nonlinear transmission
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(1) Absorption edge shift --- blue shift or red shift ?

- Optical excitation of semiconductors

 band gap narrowing (red shift)

- Metallic lithium K-edge excitation

 blue shift

screening effecｔ

OUTSTANDING ISSUES

(2) Shake-up effect

(3) Pulse propagation (Maxwell eq.)


