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the Fermi surface of a metallic material can be represented in reciprocal 

space using angle-resolved photoemission experiments. In this image, the 

Fermi surface of the CuO2 plane of the cuprate superconductor 

BiSr2CaCu2O8 is reconstructed experimentally in the reciprocal space 

plane kx, ky. 
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Energy Bands in Solids-what are they good for? 

Mizutani 





In the case of copper, the bands near the Fermi level are derived 
from the 4s and 3d atomic levels. The so-called 4s and 3d bands 
accommodate a total of 12 electrons, while the number of available 
electrons is 11. Therefore the Fermi level must cross these bands. 
Consequently copper is metallic. 

Some pictures are taken from Ashcroft and Mermin from Kittel  from Mizutani and from several sources on the web. 





The conduction electron moving with the velocity v in the presence of 
electrical and magnetic fields experiences the Lorentz force given by 

the determination of the Fermi 
surface topology. 

recognized as one of the most powerful 
and accurate methods 



In this section, we ignore the first term and consider only the effect 
of the magnetic field on the motion of the conduction electron. 

the electron rotates in a closed orbit, if the velocity v has no 
component along the magnetic field B. If there is a non-zero 
component of the velocity in the direction of B, the electron will be 
subjected to a helical motion.  
•In any event, the magnetic field alters the direction of v but not its 
magnitude.  
•Thus, the energy of the electron is kept unchanged. 

the force F exerted on the Bloch electron of wave vector k 



the motion of an electron of wave vector k can be described in reciprocal 
space as rotating in a closed orbit on a constant energy surface normal to the 
magnetic field B. 
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(CGS) 

reciprocal space 



http://www.binghamton.edu/physics/docs/note-dhva.pdf 



Landau levels 
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De Haas-van Alphen Effect 
dHvA effect:  M of a pure metal at low T in strong B is a periodic function of 1/B. 
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Change in energy  
distribution of conduction 
electrons 

The internal energy U of the 
conduction electrons 
depends critically on the 
closeness of the highest 
occupied Landau level to 
the Fermi level E 

from Mizutani 



Let us denote magnetic fields as B1 (= µ0H1) and B2 (= µ0H2), when the 

two successive Landau levels n and n-1 pass the Fermi level.  
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mizutani 



Re 

Ag 

Aschroft 



Kittel 



http://phy.ntnu.edu.tw/~changmc/Teach/SS/SSG_note/grad_chap14.pdf 

http://www2.physics.ox.ac.uk/sites/default/files/BandMT_09.pdf 



the detailed structure of the Fermi surface of Cu, Ag and Au has been accurately 
determined from the measurement of the de Haas–van Alphen effect 

Introduction to solid state physics WS 2005/06 M. Wolf 

ckw.phys.ncku.edu.tw/public/pub/.../Powerpoint/09._FermiSurfacesAndMetals.ppt 



http://www2.physics.ox.ac.uk/sites/default/files/BandMT_09.pdf 

ckw.phys.ncku.edu.tw/public/pub/.../Powerpoint/09._FermiSurfacesAndMetals.ppt 



(C. Kittel) 

very pure samples at low temperatures 



Experimental 
Field-modulation  method 

M. Suzuki, H. Suematsu, and S. Tanuma, J. Phys. Soc. Jpn.43, 499 (1977).  



http://www.binghamton.edu/physics/docs/note-dhva.pdf 



Owing to the possession of small Fermi surfaces, de Haas and 

van Alphen were able to measure in 1930, for the first time, the 

oscillatory magnetic susceptibility with increasing applied 

magnetic field for a Bi single crystal 
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http://www.binghamton.edu/physics/docs/note-dhva.pdf 
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Photoemision spectroscopy 

see  “Introduction to Photoemission Spectroscopy”  Michael Sing 
http://www.cond-mat.de/events/correl14/talks/sing.pdf 
 



see  “Introduction to Photoemission Spectroscopy”  Michael Sing 



Mizutani 



X-ray Photoelectron Spectroscopy (XPS) 

http://mmrc.caltech.edu/SS_XPS/XPS_PPT/XPS_Slides.pdf 



http://bama.ua.edu/~surfspec/cha_details.htm 

This means that an electron entering through slit S with a kinetic energy E = eV0 will 

follow the trajectory through the analyzer along the median equipotential surface of 

radius R0 and will be focused at the exit slit, F. Likewise, electrons entering at S with a 

kinetic energy not equal to eV0 will follow a different trajectory and will not be focused at 

F. Because R0 (equal to 165 mm in Axis 165), R1 and R2 are fixed, in principle changing 

V1 and V2 will selectively pass electrons of varying kinetic energies through the analyzer. 

http://bama.ua.edu/~surfspec/cha_details.htm�




The photoemission process 
comprises three processes:  
(1) electrons are first 
optically excited to states at 
higher energy, (2) the 
photoexcited electrons move 
through the lattice to the 
surface of a sample and (3) 
they escape from the 
surface into vacuum. 

Mizutani 





ARPES  
 

(Angle Resolved PhotoEmission Spectroscopy) 



What is ARPES? 

• An atomically flat sample is illuminated by a 

beam of monochromatic light. 

• Due to the photoelectric effect, the sample 

emits electrons. 

• The kinetic energy and direction of these 

electrons are measured by the apparatus. 

• This data reflects the structure of the Fermi 

surface within the material. 

 



from Mizutani 



http://upload.wikimedia.org/wikipedia/commons/8/83/ARPESgeneral.png 



http://arpes.stanford.edu/facilities_ssrl.html 

http://arpes.stanford.edu/facilities_ssrl.html�


Andrea  Damasceli, 
http://qmlab.ubc.ca/ARPES/PRESENTATIONS/Lectures/CIAR2003.pdf 



see  “Introduction to Photoemission Spectroscopy”  Michael Sing 
http://www.cond-mat.de/events/correl14/talks/sing.pdf 
 

Andrea  Damasceli, 
http://qmlab.ubc.ca/ARPES/PRESENTATIONS/Lectures/CIAR2003.pdf 
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