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Figure 1: RABBITT phase ΦR is compared with the
twice the streaking phase 2Φs obtained from the isochrone
ansatz of [6]. Right axis shows Right axis: the RABBITT
time delay τa = ΦR/(2ω) is compared with the analytic
model [7]

Angular streaking of XUV atomic ionization
with a circularly polarized IR laser radiation has
become a powerful tool for a shot-to-shot charac-
terization of isolated attosecond pulses from free-
electron laser sources [1,2]. This technique is anal-
ogous to the attosecond streak camera [3] in that
XUV pulses are the primary source of ionization
while it is common to the attoclock [4] in that
the ionized electrons interact with a circularly po-
larized laser field which alters the photoelectron
momentum distribution. Both the streak camera
and the attoclock are senitive to the ionization
phase that can be converted to the atomic time de-
lay and the tunneling time, respectively. Here [5]
we demonstrate, for the first time, an accurate
phase retrieval of XUV atomic ionization by an-
gular streaking.

In our numerical simulations, we solve the time-dependent Schrödinger equation for an atom ionized
by a short XUV pulse in the presence of circularly polarized laser radiation. Our qualitative analysis
is based on the strong field approximation [6] and the lowest order perturbation theory [8]. The two
alternative techniques suggest the phase retrieval methods that can be applied both to the simulated
and experimental data. In simulations, the XUV/IR delay is systematically varied. In an experiment, a
second ionization feature in the same target or a mixed target could be used as a reference.

We test the proposed technique by comparing the XUV ionization phase of the hydrogen atom de-
livered by angular streaking with the analogous set of data returned by a well established RABBITT
(reconstruction of attosecond beating by interference of two-photon transitions) technique [9]. The two
sets of data agree very well in a wide range of XUV photon energies as is shown in the Figure.

An analogous investigation conducted on the H2 molecule [10] demonstrates sensitivity of the proposed
technique to the molecular axis orientation and two-center interference effects.

References

[1] N Hartmann, G Hartmann, R Heider et al., Nat. Photonics 12, 215 (2018)

[2] J Duris, S Li, T Driver et al., Nat. Photonics 14, 30 (2020)

[3] J Itatani, F Quéré, G L Yudin, M Yu Ivanov, F Krausz and P B Corkum, Phys. Rev. Lett. 88,
173903 (2002)

[4] P Eckle, M Smolarski, P Schlup, J Biegert, A Staudte, M Schöffler, H G Muller, R Dörner and U
Keller, Nat. Phys. 4, 565 (2008)



[5] A S Kheifets, R Wielian, V V Serov, I A Ivanov, A Li Wang, A Marinelli and J P Cryan, Phys. Rev.
A 106, 033106 (2022)

[6] A K Kazansky, A V Bozhevolnov, I P Sazhina and N M Kabachnik, Phys. Rev. A 93, 013407 (2016)

[7] V V Serov, V L Derbov and T A Sergeeva, in: O Shulika and I Sukhoivanov (eds.), Laser Physics
and Technology for Applied and Fundamental Science, Springer Series in Optical Sciences, vol. 193,
2015, p. 213

[8] J M Dahlström, D Guénot, K Klünder, M Gisselbrecht, J Mauritsson, A L’Huillier, A Maquet and
R Taïeb, Chem. Phys. 414, 53 (2013)

[9] P M Paul, E S Toma, P Breger, G Mullot, F Augé, Ph Balcou, H G Muller and P Agostini, Science
292, 1689 (2001)

[10] V V Serov and A S Kheifets, J. Phys. B 56, 025601 (2023)


