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Cautionary comments concerning recent attempts to reconstruct the “images”
of molecular orbitals, using high-harmonic generation (this analysis is based on 
a preliminary study, in collaboration with Stefano Tonzani and Zach Walters)



From Itatani et al, Nature 2004:



A 2006 PRL by Santra and Gordon, which discusses some issues 
about the tomographic reconstruction of orbitals, and stresses 
that there is a minimal difference between Dyson and Hartree-
Fock orbitals, in this context:



Example of the atomic S wavefunctions at 1 a.u. (27.2 eV) for a 
free particle, for a hydrogen electron, and for a “neon electron”











Idea:  In the rescattering/recombination step the strongest interactions in the 
problem are the electron-ion and electron-electron interactions, so we propose 
to treat that physics directly

Background:  There have been many approximate treatments of electron-
molecule scattering, dating back to the mid-1970s, when the basic phenomena 
like shape resonances began to succumb to theoretical descriptions (McKoy, 
Dill and Dehmer, Schneider, Collins, Lucchese, Gianturco, Morrison, Lane, 
Rescigno, Orel,…)

Most of these methods have used single center partial wave expansions.  
Tonzani and I decided to develop a 3D finite-element R-matrix method that 
would not require a single-center partial wave expansion to converge the K-
shell orbitals centered on each nucleus.



Simplest tesselation scheme: parallelepipeds 
in spherical coordinates

Local (Hara) exchangeà



Sample grid choice for e-CO2 Sample test calculation for e-CO2 

Sample test calculation for e-N2



Typical sparsity pattern for 
Hamiltonian and related matrices

e-guanine 
scattering

e-adenine 
scattering



e-scattering wavefunctions -
Adenine

Shape resonance wavefunctions are similar to 1st and 2nd virtual orbitals
2.2 eV 2.6 eV

(Tonzani and CHG, 2006 J. Chem. Phys.)



Testing the plane wave approximation against results using realistic molecular 
scattering wavefunctions, or using a simple Coulomb wave

Note that the magnitude of the cross section is predicted incorrectly in the 
plane wave approximation, by more than an order of magnitude.

This is the 
2p(sigmau) orbital, 

the case studied 
by Itatani, Nature 

(2004)



Plane wave

“good” electron-molecule scattering wave

Coulomb wave

This is the 2p(piu) 
orbital, a case NOT 

studied by Itatani, 
Nature (2004)



Instead,Tonzani, Walters, and CHG propose (unpublished):

Itatani et al., Nature (2004)



Here is how to carry out the tomography more accurately.  Replace 
the Fourier analysis into plane waves by a decomposition of the 
rescattering wavepacket in terms of electron-molecule scattering 
eigenstates:

Of course, this requires a realistic scattering wavefunction to be 
calculated, but this is now fairly routine at the independent-
electron level.  See, e.g., S. Tonzani, FEM-R-matrix program, 
submitted to Computer Physics Communications in 2006.



Conclusion from part 2:

For tomographic orbital reconstruction 
experiments, it is advisable to avoid using the 
plane wave approximation, because it is probably 
too inaccurate to be generally useful, below 
electron energies of at least several hundred eV for 
light molecules, and probably at least keV for 
molecules with deeper inner-shell electrons.

However, if good electron-scattering 
eigenfunctions can be calculated theoretically, 
including the multiple-center nature of the 
potential, this concept can be reformulated to 
describe more quantitatively the nature of the 
electron-molecule interaction.


