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A physical explanation for the effect of suppression of ionization of molecules upon
overlapping of a long low-intensity alignment pulse and a strong short probe pulse is proposed.
Experiments on the so-called alignment of large molecules in helium nanodroplets are
described in [1]. The idea of aligning molecules in the field of intense nonresonant laser
radiation has been popular for many years [2]. It is supposed, that the dipole moment induced in
a polarizable molecule by the laser field can hinder free rotation of molecules and align
molecules along the laser polarization vector. This old myth has no reliable experimental proofs.
In reality, we are dealing with a combination of the so-called geometric alignment (when the
probability of absorption of a photon depends on the orientation of the molecule in space [3, 4])
and the inequality of the differential cross sections for forward and reversed processes in
quantum physics [5].
However, the subject of this comment is different. In [1] the interesting experimental fact
was found: during a long alignment pulse, ionization of molecules by an intense short probe
pulse is substantially suppressed. Ionization becomes effective only after a sharp interruption of
the alignment pulse (Fig. 3). The explanation of the authors is that the radiation of the alignment
pulse causes fragmentation of the detected molecular ions.
It is obvious that this is a wrong explanation. The radiation of the alignment and probe
pulses has the same wavelength. At the same time, the radiation intensity of the alignment pulse
is hundreds of times smaller than the intensity of the probe radiation. It can't significantly affect
the formed molecular ions. The experiment also shows that the effect of radiation dose
accumulation is absent.
So, here we are dealing with a variant of the widely known phenomenon - coherent
population trapping. This is one more old myth. It is assumed that quantum interference modifies
the optical properties of the quantum system in such a way, that the so-called dark states appear
[6]. In the dark state the atoms or molecules neither absorb nor emit a light. However, the matter
isn't that atoms or molecules don't absorb radiation, but that they radiate it very well when they
transfer to the initial state [7].
We believe that the physical nature of the discussed effect is explained by the
competition of two processes: the direct process of excitation and ionization of molecules and
the reversed process of deactivation of molecules due to stimulated emission, which transfers
molecules to the initial quantum state. In Fig. 1 the scheme of the proceeding processes is
submitted. Under the action of the radiation of the alignment pulse, a direct process of Raman
transitions between degenerate quantum levels of molecules occurs. It has a small differential

cross section. In this case, the quantum system in the state (b) has a memory of the initial
quantum state (a). Further we have the competition of two processes:
1) Absorption of several photons from the radiation of the probe pulse and ionization of
the molecule. Moreover, the absorption of the first photon is a partially reversed
process and has a larger differential cross section than the absorption of subsequent
photons.
2) At the same time, the radiation of a powerful probe pulse facilitates the stimulated
emission of photons and the return of molecules to the original quantum state (a) [8].
This process of stimulated emission is the closest to fully reversed and has a very
large differential cross section. It lies at the heart of such a long-known effect as
electromagnetically induced transparency [8, 9].
In the case of overlapping in time alignment and probe pulses, the stimulated emission has an
advantage and the ionization of the molecules turns out to be suppressed. In the absence of the
radiation of the alignment pulse, the direct process of photon absorption from the probe pulse
and the subsequent ionization of the molecules gain an advantage.
We can expect that such effect should also be observed in high harmonic generation
experiments [10].
Thus, we need an experimental investigation of the differential cross sections of forward,
reversed and partially reversed quantum processes. These differential cross sections are a direct
consequence of the fundamental property of quantum physics – its time reversal noninvariance
[7].

____________
1. A. S. Chatterley, C. Schouder, L. Christiansen, B. Shepperson, M.H. Rasmussen, and H.
Stapelfeldt, Long-lasting field-free alignment of large molecules inside helium
nanodroplets, e-print, arXiv:1807.07376.
2. H. Stapelfeldt and T. Seideman, Aligning molecules with strong laser pulses, Rev. Mod.
Phys. 75, 543 (2003).
3. S. Banerjee, G.R. Kumar, and D. Mathur, Dynamic and geometric alignment of CS2 in
intense laser fields of picosecond and femtosecond duration, Phys. Rev. A, 60, R3369
(1999).
4. P. Reckenthaeler, M. Centurion, W. Fuss, S.A. Trushin, F. Krausz, and E.E. Fill, TimeResolved Electron Diffraction from Selectively Aligned Molecules, Phys. Rev. Lett. 102,
213001 (2009).
5. V.A. Kuz’menko, Physical origin of ”laser induced” molecule alignment effect, e-print,
arXiv:physics/0310090.
6. V.I. Yudin, A.V. Taichenachev, D.I. Sevostianov, V.L. Velichansky, V.V. Vasiliev, A.A.
Zibrov, A.S. Zibrov, and S.A. Zibrov, Feedback spectroscopy of atomic resonances,
Phys. Rev. A, 87, 063806 (2013).
7. V.A. Kuz`menko, On the Time Reversal Noninvariance in Quantum Physics, e-print,
viXra:1804.0359.
8. V.A. Kuz`menko, Once again about the optical precursor in cold atoms, e-print,
viXra:1806.0452.
9. S.E. Harris, Electromagnetically induced transparency, Physics Today 50, 36 (1997).

10. J.P. Marangos, Development of high harmonic generation spectroscopy of organic
molecules and biomolecules, J. Phys. B, 49, 132001 (2016).

ionization

nhν

probe

alignment

Stimulated
emission
a

b

Fig. 1 The scheme of processes, demonstrating the competition of the reversed process of
stimulated emission and the direct process of photon absorption and ionization of molecules.

