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Attosecond transient absorption spectroscopy (ATAS) technique has received 

considerable attention recently in measurement and manipulation of bound and quasi-bound state 

dynamics. Most ATAS experiments focus on properties and evolution of XUV initiated dipole 

polarization in atoms by using a delayed NIR pulse as a perturbation. In this scenario, many 

interesting phenomena have been observed, including AC Stark shifts [1], strong-field lineshape 

control [2], and resonance pulse propagation induced reshaping effects [3]. The focus of our 

work is to extend the ATAS for investigation of complex molecular systems. Molecular ATAS is 

a largely unexplored topic and very few studies have been conducted so far [4]. Here we present 

an experimental and theoretical study of the 

evolution of coherently prepared molecular 

polarization in autoionizing Rydberg states 

of O2 and N2 by using XUV to excite and 

time-delayed NIR pulse to perturb this 

polarization.  

Attosecond transient absorption of 

superexcited Rydberg series in neutral 

diatomic molecules shows rich vibrational 

and electronic structure. In the case of O2, 

opposite changes in transient absorption 

spectra of nsσg and ndσg states are explained 

in terms of the difference in their initial Fano 

q-parameter, which arises from underlying 

electronic interactions and the symmetry 

considerations. The full multi-configuration 

time-dependent Hartree-Fock (MCTDHF) 

calculations agree with out experimental results. Importantly, we find that the laser modification 

of these states is explained by laser induced phase model, while the often invoked laser induced 

attenuation model does not agree with the results.   
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Figure 1 (a) Experimental transient absorption 

spectrogram of superexcited O2 states. The ndg (nsg) 

states show negative (positive) change, corresponding to 

less (more) absorption compared to continuum.  


