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In a recent Letter, Kliinder et al [1] connected their attosecond extreme-ultraviolet (XUV) time
delay measurements in the valence shell of Ar with the Wigner time delay [2]. In this comment,
we show that this interpretation may be too simplistic due to a rapid variation of the phase of the
dipole matrix element. This variation is caused by a strong inter-shell correlation which modifies
completely the photoionization process in Ar near the 3s threshold [3].

The concept of time delay was introduced by Wigner
[2] in the context of s-wave quantum scattering. An ex-
tension to the total scattering amplitude leads to the con-
cept of angular time delay 7, = 2hdny /dE, where 7, is the
phase shift in the ¢th partial wave. One can also define a
transmission group delay h¢', where ¢ is the phase of the
complex transmission amplitude T'(k) = t(k)explid(k)]
[4]. With some modifications, similar concepts apply to
photoionization [5]. As compared to particle scattering,
the Wigner time delay should be halved as photoioniza-
tion does not involve ingoing waves. The group delay of
the outgoing electron wave packet can be defined as en-
ergy derivative of the phase of the complex photoioniza-
tion matrix element D(E) = d(F) exp[id(E)]. In general,
photoionization may involve several strongly interacting
channels. Therefore, § cannot be reduced to a phase shift
7¢ in some particular ¢th partial wave. Thus, the pho-
toionization group delay is a more general concept than
the Wigner time delay. Nevertheless, in some special
cases, the Wigner time delay can be conveniently used
to characterize delay in photoemission. One such case
is valence shell photoionization of Ne in the XUV range
[5, 6]. Here there is no considerable coupling between the
2s — ep and 2p — es or ed channels and ed is strongly
dominant over es.

However, the case of valence shell photoionization of
Ar, considered by Kliinder et al [1], is very different. The
3s photoionization is completely modified by strong inter-
shell correlation with 3p [3]. In result, the photoioniza-
tion cross-section o3, goes through a deep “Cooper” min-
imum at the photon energy w ~ 40 eV, which is absent
in the independent electron Hartree-Fock (HF) model. It
is precisely this photon energy range where the measure-
ment of Kliinder et al [1] was performed (harmonics 22
to 26 of a 800 nm Ti-sapphire laser). It is for this reason
that the relative time delay 73, —73, cannot be attributed
solely to the difference of the Wigner time delays in the
dominant 3s — ep and 3p — ed partial waves, as was
done by Kliinder et al [1].

We illustrate these findings in the Figure. On the top
panel, we plot o3s calculated in the HF and random-
phase (RPA) approximations, the latter taking full ac-
count of the inter-shell correlation with 3p. The most re-
cent experimental data are from Mdbus et al [7]. On the

middle panel, we plot the correlation-induced phase shifts
of the dipole matrix elements d3s = arg[Dss(w + €35)]
and 03, = arg[Dsp(w + €3p)] from the same RPA cal-
culation. On the bottom panel, we plot the time delay

difference 735 — 73, = h% Ne=1(w + €35) — Ne=2(w + Egp):|
calculated with elastic scattering phases only (marked
HF) and the correlation correction h-% [635 (E)— 53p(E)}
(marked RPA). Due to a rapid variation of the phase of
D3, especially near the “Cooper” minimum, the RPA
correction to the measured time delay is substantial. Had
this correction been accounted for by Kliinder et al [1], it
would have certainly upset a seemingly good agreement

between their measurement and theoretical interpreta-
tion based on the Wigner time delay.
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