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Main Characteristic of HAXPES  

               IMFPs 

   1-4nm   @ 1 keV 

   7-20nm @ 8 keV 

Inelastic Mean Free Path (IMFP) of Electron 

(From NIST Database) 
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Functional thin films 

Chemical depth analysis 

Embedded interfaces 

   (non destructive) 

Large probing depth! 
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Early HAXPES with Cu Ka@8keV  

S. Hagstrom, C. Nordlimg,                              Chuck Fadley, S. Hagstrom, J. Hollander, 

K. Siegbahn, Phys. Lett. 9, 235 (1964)          M. Klein, D. A. Shirley, Science 157,  1571 (1967) 
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The first HAXPES with SR  
I. Lindau, P. Pianetta, S. Doniach & W E Spicer, Nature 250, 214 (1974) 

Au 4f 

core level: possible 

valence band: impossible 
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Small photoionization Cross Sections 

Obstacle to development of HAXPES 

Rapid decrease! 

~ 1/100 

1keV 

8keV 
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High-energy Ce-3d photoemission: Bulk properties of CeM2 (M=Fe,Co,Ni) and Ce7Ni3  

L. Braicovich, N. B. Brookes, C. Dallera, M. Salvietti, and G. L. Olcese 

Phys. Rev. B 56, 15047 (1997) @ESRF     

High-energy resonant photoemission and resonant Auger spectroscopy in Ce-Rh compounds @ESRF 

P. Le Fèvre, H. Magnan, D. Chandesris, J. Vogel, V. Formoso, and F. Comin 

Phys. Rev. B 58, 1080 (1998) 

    

Hybridization and Bond-Orbital Components in Site-Specific X-Ray Photoelectron Spectra of Rutile TiO2 @NSLS 

J. C. Woicik, E. J. Nelson, Leeor Kronik, Manish Jain, James R. Chelikowsky, D. Heskett, L. E. Berman, and G. S. 

Herman, Phys. Rev. Lett. 89, 077401 (2002) 

Quadrupolar Transitions Evidenced by Resonant Auger Spectroscopy @HASYLAB 

J. Danger, P. Le Fèvre, H. Magnan, D. Chandesris, S. Bourgeois, J. Jupille, T. Eickhoff, and W. Drube, Phys. Rev. 

Lett. 88, 243001 (2002) 

      

Looking 100 Å deep into spatially inhomogeneous dilute systems with hard x-ray photoemission   @ESRF  

C Dallera, L. Duò, L. Braicovich, G. Panaccione, G. Paolicelli, B. Cowie, and J. Zegenhagen Appl. Phys. Lett. 85, 

4532 (2004)  

 

High resolution-high energy x-ray photoelectron spectroscopy using third-generation synchrotron radiation source, 

and its application to Si-high k insulator systems  @SPring8 

K. Kobayashi et al.  

Appl. Phys. Lett. 83, 1005 (2003) 

A probe of intrinsic valence band electronic structure: Hard x-ray photoemission  @SPring8 

Y. Takata et al.  

Appl. Phys. Lett. 84, 4310 (2004) HAXPES for Valence Bands with  

hn = 6 ï 8 KeV. 
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Experimental Setup 



How to gain in stability, resoluton, photoelectron intensity 
 1. High brilliance SR at SPring-8 

 2. High performance analyzer 

3. Top-up injection 

4. Matching the detection angle to the polarization of SR 

magic angle 

For linearly polarized light, angular intensity distribution of  

photoemitted electrons depends on the asymmetry parameter b 

b>0 at energies of several keV, for almost all subshells  

 J.Yeh & I.Lindau At. Data.Nucl Data Tables 32, 1(1985) 

Their intensities have a maximum in a direction  

parallel to the electric polarization vector   
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5. Grazing incidence of X-rays 

IMFP 

10nm range e- 

attenuation length 

  10mm range 

X-ray 

1 deg. 

6. Well-focused X-ray beam  

7. Low emittance operation 

Pol. 

55mm(V) 

35mm(H) 
1deg. 
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Experimental setup at BL29XU in SPring-8 

 excitation energy: 5.95 or 7.94keV, DE (hn): 55 meV  

 photon flux: ~5x1011 photons/sec @ 55(V)x 35(H) mm2 

 analyzer:R4000-10kV (VG Scienta)   

Y. Takata et al., Nuclear Instrum. and Methods A547, 50 (2005). 

T. Ishikawa et al., Nuclear Instrum. and Methods A547, 42 (2005). 

He flow cryostat to reduce sample vibration 
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Optics Layout for the HAXPES experiments 
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VOLPE @ESRF 

P. Torelli et al.,  

Rev. Sci. Instrum. 76, 023909 (2005) 

30 sec 

5 sec 

High Energy Resolution & High Throughput 

(at 7.94 keV) 

DE=55± 5 meV (Ep=50 eV) 

E/DE=140000!  

15min 
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P. Torelli et al.,  

Rev. Sci. Instrum. 76, 023909 (2005) 

VOLPE 

@ ESRF 
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F. Schafers et al.,  

Rev. Sci. Instrum. 78, 123102 (2007) 

KMC-1@ BESSY-II  
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Au 4f core levels @ BESSY-II  
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Surface Insensitivity 
SiO2/Si(100) @ 7.94keV 

Contribution of surface SiO2 is negligible! 

IMFP: Si=12nm, SiO2=16nm @ 8keV 

             Si=1.8nm, SiO2=3nm @ 0.85keV 
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Y. Takata et al.  

Appl. Phys. Lett.  

84, 4310 (2004) 
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Effect of Grazing Incidence of X-rays 

see also V Strocov, condmat/2013 


