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Angle-resolved photoemission spectroscopy 











How intense of X-ray? 

X-ray Free electron laser(from 2011) 
           5~20keV,  ~mJ, ~10fs, focus diameter ~50nm(min. 7nm), 60Hz 

EUV Free electron laser (since 2006) 
           45~170nm, ~20 J, ~60fs, focus diameter ~6 m, 30Hz  



Diagnostics for Warm dense matter  
with X-ray 



2/124
2/sin4

2/sin/1
2/sin4 e

Laser
DLaser

D

Laser

kT

ne
k

2
sin2

c

vy

222 )/(3
0

kmkTepe

At 



10
15

10
17

10
19

10
21

10
23

10
25

10
27

0.1 1 10 100 1000

Thomson Scattering 513nm
50A
20A
10A
1.5A
Fermi energy

Te [eV]



10
20

10
21

10
22

10
23

10
24

0.1 1 10 100 1000

Thomson Scattering 

Fermi energy
20A
120-20
135-20
150-20
165-20

Te [eV]

ee Tn /

2/124
2/sin4

2/sin/1
2/sin4 e

Laser
DLaser

D

Laser

kT

ne
k



dkSkSZkSZkSkqkfkS sceceefiiI ),(),(~),(),()()(),( 02



2/2 mckTe

2/ mch







1 10
23

2 10
23

3 10
23

4 10
23

10 20 30 40 50 60 70 80

Thomson Scattering 

513nm
50A
20A
10A
1.5A
Fermi energy

Te [eV]



Creation of  new states of matter 



What different in interaction physics with XFEL? 

# absorption 

There is No effect of preplasma even in high intensity laser interaction.  
 
It is easy to penetrate into solid density. 
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Material condition 



High energy density matter 
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Disorder  => Ordered 
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We can expect large optical parameter change in X-ray. We can

Well-tuned X-ray and EUV laser photon 





What different in interaction physics with XFEL? (cont.) 

Speed of excitation can be higher than 
relaxation rate of atomic process in solid. 

# EUV interaction has big advantage because large  and smaller h . 



 at Ti K edge  ~ 3350cm-1  at 5keV => <1fs for I>1018W/cm2   





Potential energy curves for L i9
z+ ions 

Clusters are bound 
 at least for z   3 ! 

Unrestricted Hartree-Fock calculations 



CHAS 

Li24 cluster calculation 
Energy state after illumination of resonant Xray 



24 L i atoms cluster 

K V V Auger decay rate 

E lectron collision relaxation time 



392eV



Demonstration experiment with EUV laser 
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If I=1013W/cm2 

Deposition power 
=>1019W/cm3 

 
Even within 10fs, 
E~105J/cm3 

   =1011J/m3=1Mbar 

Absorption length in EUV region 

=19.3 g/cc, h = 25eV 
ni = 5x1022cm-3 

= 5 x 106cm-1 

exp ~ 10fs      
          (I = 3x1013W/cm2) 



What is excited state condition of electrons in solid 
with well-tuned high energy photons? 
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Probe 

Target Delay line  2mm Sapphire 

Spectrometer 

EUV FEL 

 
50mm focus  
 

White Lite 

Generation Slit 

Glan Taylor Polarizer 

Wollaston Polarizer 

Experimental system 

Collection mirror 

Target

Synchronized 

Pomp pulse Energy monitor 
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XFEL SACLA experiments 

Can the photo excitation rate exceed Auger rate in K-shell electrons? 

Osaka U: Yamauchi et al, U Tokyo: Mimura et al 
SACLA/SP8: Ohashi, Yumoto, Koyama, Tono et al 
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Transmission spectrum under illumination of intense XFEL 
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 at Fe K edge  ~ 3216cm-1  at 7keV 

Opening  speed  

~ 0.4fs! 
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