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Probing electronic states 

 Photoelectron spectroscopy 
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What can be probed by photoemission 

Fermi level 

Vacuum level 

Energy shift of core-levels 

 - Different elements 

 - Different chemical sites (environments) 

Band Dispersions of 

 - partially occupied states (metal) 

 - fully occupied states (semiconductor) 



Probing electronic states 
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Probing electronic states 

CLS, XPS 

ESCA (Electron Spectroscopy for Chemical Analysis) 

Chemical shifts 



Principle 



Three step model 

Vo: inner potential 

Electron Kinetic Energy in vacuum (eV) 



Electron escape depth 

surface-sensitive ~ bulk sensitive 

 The universal curve 
E

le
ct

ro
n

 m
ea

n
 f

re
e 

p
a
th

 (
Å

) 

Electron Energy (eV) 

theory 

Atomic 

layer 

A. Zangwill, Physics at Surface 



Fermiology 

 Photoemission Fermi surface mapping 

Transport, Magnetism, Superconductivity, Transition, and etc 

of Metal are determined by the Fermi surface   

Understanding metal => determining Fermi surface   

(Fermiology) 





Band mapping 

 Angle-resolved photoemission spectroscopy 

        (ARPES) 

Vo: inner potential 

Band dispersion（E,k） 

Fermi surface （EF,kF） 
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Exp. Setups 



P. Aebi et al., Surf. Sci. 307-309, 917 (1994).  
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T. J. Kreutz et al., Phys. Rev. B 58, 1300 (1998). 



Ni(111) 

TC=631 K 

HeⅠ 

HeⅡ 



T. Greber et al., Phys. Rev. Lett. 79, 4465 (1997). 

Ni  Ferromagnetic transition 

  Stoner-type 



Cu(111) 

L点 gap 

F. Reinert et al.,  

Phys. Rev. B 63, 115415 (2001). 

Surface state in L point gap 



G. Nicolay et al., Phys. Rev. B 65, 033407 (2001). 

Ag(111) 

F. Reinert et al., Phys. Rev. B 63, 115415 (2001). 



Spin-orbit splitting 

Au(111) 

J. Henk et al., Phys. Rev. B 68, 165416 (2003) 

Spin-slit surface-state band 

Spin-resolved photoemission spectroscopy 



Fermi surface mapping with spin-resolved photoemission spectroscopy 

H. Moritz et al., J. Elec. Spec. Rel. Phenom. 124, 263 (2002). 

COmplete PHotoEmission Experiment (COPHEE) 

kx,ky,kz,sx,sy,sz are determined with synchrotron radiation 

Mott detector 



M. Hoesch et al., Phys. Rev. B 69, 241401(R) (2004) 

Au(111) 



Au(111) 



Modern photoemission techniques 

C.S. Fadley 



Frontier Spectroscopy experiments  

at SPring-8 BL07LSU:  
with time-resolution and at nano-space 

 



SPring-8 BL07LSU 
Specification 

High-brilliant soft x-ray 

hv: 250 eV ～2 000 eV  

resolution: E/E: >10,000 

Beam size： x < 10 μm 

         (x < 90 nm with ZP) 

         (x < 400 nm with K-B mirror) 

Flux：＞1012 photons/s 

Polarization： linear, circular 

 

 

 

SR pulse-width: ~ 40 ps 

Monochromator: 

Slit-less variable included angle VLS-PGM 



3D-scanning photoelectron microscope  



SPECS  

Phoibos150-NAP 

差動排気型電子分光器 

「雰囲気光電子分光システム」 

世界最高レベルの気体雰囲気中での 

光電子分光測定を実現 
 超高輝度放射光 SPring-8 BL07LSU 

  フリーポートステーション 

 差動排気型電子分光器 

 小体積ガスセル 

  →up to 20 mbar（世界最高レベル） 

雰囲気光電子分光システム 

＠SPring-8 BL07LSU 

雰囲気光電子分光 



The future in photoemission spectroscopy 

(Vol. 27, No. 2, 2014, Synchrotron radiation news) 

SP8 



AP-XPS systems in the world 

Operation 

[SR] 

ALS BL11.0.2/BL9.3.2 

BESSY 

SSRL 

MAX-lab 

NSLS 

SOLEIL 

PF 

SPring-8 BL36XU,  BL07LSU 

Construction 

[SR] 

SOLEIL 

ALBA 

[Lab] 

TU Bergakademie Freiberg 

University Leipzig 

Flinders Univ.  

Planning 

[SR] 

ELLETRA 

Diamond 

Shanghai 

SLS 

 

[Lab] 

ISAS, Dortmund  

Norte Dam 

U. Penn 

Mickiewicz Univ.  



雰囲気下光電子分光(NAP-XPS) 
ガスセル 

ノズル φ300 μm 

蛍光板 

放射光 

ガス雰囲気下(<20 mbar)での光電子分光測定を確認 

SPring-8 BL07LSU 

高輝度軟X線 

差動排気型アナライザー 


