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Introduction 

hn 

The photoelectric effect 

First experimental work performed by H.Hertz (1886), 

W.Halwachs(1998),von Lenard(1900) 

Theoretical explanation by Einstein(1905) 

Many properties of solids are determined by electrons near EF; 

(conductivity, magnetism, superconductivity) 

Only a narrow energy range around EF is relevant for those properties 

Fermi surface 



Advantage or disadvantage  

PES is really surface sensitive 

Within VUV region 

Cross sections are very small at 

high photon energy region!! 



Physicist:  
 Know: sample quality; physical properties (resistance; magnetic..) 
Want to know: Why? How to build the connection? 
 
Prefer to use: Angular resolved photoemission spectroscopy (ARPES) 
 
Chemist:  
 Know: possible elements or compounds inside the system.  
Want to know: Chemical shifts? Bonding? Procedure? Reaction? 
 
Prefer to use: Traditional photoemission spectroscopy (XPS); Ambient 
pressure photoemission spectroscopy (APPES) 

What’s the interest in PES community? 



Courtesy of Luc Patthey (SLS) 
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WHAT HAPPENED IN YOUR XPS LAB.. 

Energy Conservation 

You know hn from Lab XPS using Al; Mg sources. 
Excitation energy are fixed at 1486.6 and 1253.6 eV 

You should ask for f (work function) from lab scientist.  
(ask them to make a Au Fermi at the same time if possible) 
*Work function will change with different system by few hundred meV 

You know how to transfer to binding energy from kinetic energy 

YOU ARE A EXPERT NOW!!!!!!!! 



Quasi-particle 

Many-body interactions lead to a renormalization of 

the non-interacting electron dispersion (changes the 

effective mass of electrons) and a finite lifetime 



el-mag interaction el-ph interaction 

Interaction Effects in Band Dispersion 

Computer simulation of Quasi-particle dispersion 

Including many-body interactions 

High-resolusion ARPES with tunable synchrotron radiation 

to determine the mass enhancement m*/mb 

interactions Bare band 



Lifetime broadening mode 

electron-electron 

interaction 

electron-phonon 

coupling 

electron-magnon 

coupling 
electron-impurity 

scattering 

el impel ph el mag
el el

Debye temp. 

~0.04 eV 

Band width 

3~5 eV 

Mag. DOS 

~0.4 eV 

for Ni, Fe 

02|Im|elphelelelmagelimpE===

Final state effect 

energy indep. 



Quasiparticle evidence 

~0.3 eV 

~0.04 eV 

hn=40 eV 

15 K 

E=9 meV 

Debye temp. 

D = 470 K  

(kBD = 40 meV)  

X.Y. Cui, PRB 



Fermi Surface of Ni(110) 

Fermi Surfaces 

In condensed matter physics, the Fermi 
surface is an abstract boundary useful 
for predicting the thermal, electrical, 
magnetic, and optical properties of 
systems.  
The shape of the Fermi surface is 
derived from the periodicity and 
symmetry of the crystalline lattice and 
from the occupation of electronic 
energy bands.  
The existence of a Fermi surface is a 
direct consequence of the Pauli 
exclusion principle, which allows a 
maximum of one electron per quantum 
state. 



hn=100eV 

Linear_Vertical light 
hn=100eV 

Linear_Horizontal light 

Matrix elements effect! 

Fermi Surfaces 

1 1 2 



Charging effect 

metal Insulator 

Kinetic Energy (eV) 



How to fix it? 

Flood gun?? Mental mesh?? 

Possible factor: Charge density; Sample homogeneity. 

S 2p Lead 4f d states 



D.R.T. Zahn, G.N. Gavrila, M. Gorgoi 
Chem. Phys., 325 (1) (2006) 99 

Inverse photoemission 
15 nm thick film of DiMe-PTCDI 



Auger procedure 

Fixed kinetic energy 

A N Titov’s group 



Spin-polarized photoemission 

Bi film on Ag(111) 

COFFEE DATA FROM SLS 

Surface states with different spin 



Time-resolved photoemission 

Uwe Bovensiepen’s data 

Dynamic evidence 



Ambient pressure photoemission 

In situ!! 




