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 Introduction and general remarks on role of the 
circular polarization in ARPES matrix elements. 

 Proofs that we can compute Dichromatic Signals       
( DS) and experiments agree with us. 

 Applying our methods for Bi2212 and the role of 
geometric details of the crystals on DS.   
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The one step equation for photoemission intensity 

For group theoretical purposes: 
|f> 



If final state is treated as plane wave the product of the two matrix 
elements is real and Ds is always zero ! 
 
If wavevector of the incident photon and the photoelectron lie on a mirror 
or a glide plane either <i|x’·p|f> or <i|y’·p|f> is zero. To get nonzero 
intensity mirror symmetry must be broken!!  
 

IRH – ILH   =  



From a coordinate system of the photon to coordinates of the crystal 



That’s an end for easy interpretations 
and what about robustness…  

Thus in general incidence  for dichroism signal 

,   j = x,y,z 



Phys. Rev. B77 (2008)024520.  



A very good level of agreement between 
theory and experiments. 

DS = IRH – I LH 



angle 
∫ 

Dn= (IRH – ILH ) 
       (IRH + ILH ) 
          



A          B 

DS depends 
strongly on 
photon energy. 



Dichroic effects due to 
orthorhombic distortions 



Possible origins of the symmetry 
breaking in mirror plane 

• Geometry i.e. there is no mirror plane due 
to e.g. orthorhombic crystal structure. 

• Time reversal symmetry breaking due to : 
– Orbital currents and related dynamic effects. 
– Spin related effects. 

Next we will explore how sensitive DS is to geometrical 
symmetry breaking. 



Shifts in atomic position due to 
temperature in BiO -layer 

Oxygen 



Tetragonal  

Orthorhombic  

Is DS zero along 
mirror plane ? 



Effect of the 
shadow bands 

∫









Conclusions 
    We can compute ARPES intensity excited by 

circularly polarized light with reasonable results 
 
    Comparison with available experimental results 

shows that the measured dichroism from antinodal 
mirror planes is reproduced in quantitative detail 
in computations employing the average 
orthorhombic crystal structure. 



Graphene 



What can be computed? 

• Momentum Distributation Curves. 
• Constant Initial State Maps 



Momentum Distribution Curves 

Note momentum of the incoming light (no gap at K). 



Difference set as a function of Photon energy 



Normalized dichromatic signal 

Normalization  is tricky… 



We can compute constant initial 
state maps (Fermi surface maps) 



LCP RCL 

LCP-RCP LCP+RCP 
Photon energy 
Dependence 
studied 



Computed dicromatic signals 



Differences 



Normalized dichromatic signal… 



Different polar angle for light… 



Photon energy dependence 













Conclusions 

• Computations of circular dichromatic signal 
is as possible as computations of ARPES 
excited by linearly polarized light. It only 
take twice amount of time. 

•  Studies of circular dichromatic signals are 
relative uncharted territory and many 
interesting new things could be found there. 



Thank you 

Questions ? 
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