
Elliptical dichroism in non-linear 
atomic ionization

 Jiri Hofbrucker 
Andrey Volotka 

Stephan Fritzsche



w
eb.nm

su.edu/

Widely used in:

● Chemistry

● Biology

● Metamaterials

● Magnetic properties of atoms
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Example from atomic physics
Photoionization of H
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Two-color many-photon ionization of He
1. Right-handed XUV beam ionizes and orients He atoms
2. Right-/Left- handed IR beam ionizes He+ ion
3. Circular dichroism in both total and differential cross sections

M. Ilchen, et al., PRL 118, 013002 (2017).
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First detection of ED in photoelectron distributions
1988 - Above threshold ionization of noble gases

Unclear origin of the effect to the authors

M. Bashkansky, P. H. Bucksbaum, and D. W. Schumacher, PRL 60, 2458 (1988).
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A. Kassaee, M. L. Rustgi, and S. A. T. Long, Phys. Rev. A 37, 999 (1988).
P. Lambropoulos, and X. Tang, Phys. Rev. Lett. 61, 2506 (1988).
H. G. Muller, G. Petite, and P. Agostini, Phys. Rev. Lett. 61, 2507 (1988).
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Consider a resonant two-photon ionization

Two steps:

Step 1:
Excitation of the neutral 

unpolarized atom

Step 2:
Ionization of the excited atom
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Sandwiching intermediate state between two 
resonances guarantees maximum elliptical 

dichroism for all atoms
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Ionization of 4s electron
E= 3.8 keV

Ionization of 1s electron
E= 7.1eV
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Linear undulator Helical undulator
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In two-photon ionization of s-state, maximal ED is always present

Elliptical dichroism requires no asymmetry of target

Promising experimental possibilities







Two-photon ionization of He by linearly polarized light

Very good agreement with existing experiment

R. Ma, et al., J. Phys. B 46 , 164018 (2013).
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Phase difference of π/2 leads to 
minimal overlap of the distributions, 
see c) 

Phase difference of ~0 leads to 
maximal overlap of the distributions, 
see b) 


