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""Photoelectron’ Spectroscopy by Electron Impact:
Scattered and Ejected Electrons

Bratislav P. Marinkovi¢

Institute of Physics Belgrade, Laboratory for Atomic Collision Processes, University of Belgrade,
Pregrevica 118, 11080 Belgrade, Serbia

Contact: B. Marinkovic ( bratislav.marinkovic@ipb.ac.rs )

Abstract. Scattering experiments, as well as corresponding theory, have played an important
role in uncovering the nature of physical, chemical and biological phenomena at the atomic and
molecular level. Through the interactions of the impinging quantum particles, either photons,
electrons, ions or any other well characterized entity, with the target, it has been possible to gain
knowledge on internal structure or dynamics of the system. Using lasers [1] or synchrotrons [2]
as sources of well-defined photons (frequency, polarization) one can provide a detailed
understanding of complex system. But nothing less useful could be electrons as projectile
particles used instead of photons [3]. Nevertheless, electrons are considered as multipole
interacting particle, there are certain conditions when they behave as dipoles (analog to photons)
[4]. A quantitative relationship between fast electron impact and the absorption of
electromagnetic radiation had been established, showing that fast electrons at the optical limit
(i.e., K2 - 0, K * momentum transfer), could make quantitative "optical" measurements in
which the energy loss, AE, simulates the "photon" energy. Using conventional techniques of
electron energy loss spectroscopy at high impact energies absorption spectra have been obtained
for both valence shell [5] and inner shell [6] electrons. Especially it is interesting an interplay
(interference) between scattered and ejected electrons [7].
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Castrovilli, J. Chiarinelli, S. Tos$i¢, B. P. Marinkovi¢, R. Richter, L.o Avaldi, Front. Chem. 7,
(2019) 151.
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(4) M. Inokuti, Rev. Mod. Phys. 43 (1971) 297-347.
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Brunger, Phys. Rev. A 104, (2021) 022808.
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Phenom. 225, (2018) 10-15.
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Analysis of the photoelectron energy spectra at resonant two-photon
ionization of hydrogen atom by intense short laser pulses

Nenad S. Simonovi¢, Duska B. Popovié, Andrej Bunjac
Institute of Physics, Pregrevica 118, 11080 Belgrade, Serbia

Contact: D. B. Popovi¢ ( duska@ipb.ac.rs )
Abstract. We study theoretically the Rabi flopping of the population between the

ground and excited 2p states of the hydrogen atom, induced by intense short laser pulses
of different shapes and of carrier frequency ® = 0.375 a.u. which resonantly couples the
two states, and effects of this dynamics in the energy spectra of photoelectrons produced
in the subsequent ionization of the atom from the excited state. It is found that, for
Gaussian, half-Gaussian and rectangular pulses, characterized by the same pulse area,
the final populations take the same values and the spectra consist of similar patterns (see
Fig. 1) having the same number of peaks and approximately the same separation
between the prominent edge (Autler—Townes) peaks [1]. These facts disprove the
hypothesis proposed in earlier studies with Gaussian pulse [2], that the multiple-peak
pattern appears due to dynamic interference of the photoelectrons emitted with a time
delay at the rising and falling sides of the pulse, since the hypothesis is not applicable
to either a half-Gaussian pulse that has no rising part or a rectangular pulse whose
intensity is constant.

Figure 1. Time evolution of the photoelectron energy distribution (in arbitrary units) during the photoionization
process of the hydrogen atom by: (a) Gaussian pulse, (b) half-Gaussian pulse and (c) rectangular pulse of carrier
frequency o = 0.375 a.u. and peak intensity of 12.917 TW/cm? at which the atom completes five Rabi cycles during
the pulse.

REFERENCES

[1] N. S. Simonovi¢, D. B. Popovi¢ and A. Bunjac, Atoms 11 (2023), 20.
[2] P.V.Domekhinand P. V. Cederbaum, Phys. Rev. A 86 (2012), 063412.
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Analysis of the dynamic RF projection phase in True Scalar Cs
Magnetometers

Andrej B. Bunjac?, Zoran D. Gruji¢!, M. M. Curéi¢!, Theo Scholtes?, Jonas Hinkel?

(1) Institute of Physics Belgrade, Pregrevica 118a, 11000 Belgrade, Serbia
(2) Leibniz Institute of Photonic Technology, Albert-Einstein-Stralie 9, 07745 Jena, Germany

Contact: Andrej B. Bunjac (bunjac@ipb.ac.srs )

Abstract. A true scalar magnetometer (TSM) is one where the phase is independent of the
magnetic field orientation and instead depends on the modulus only. We analyzed a
magnetometer consisting of a paraffin-coated glass cell filled with CS vapor where the RF field
is parallel to the light propagation direction while oscillating at Larmor frequency [1]

The magnetometer was applied in the measurement of small magnetic field components
orthogonal to the main field direction. Experimental measurements of the RF projection phase
show significantly different behavior in cases where the transversal field component is
perpendicular to the RF field and when it is in the plane formed by the main magnetic and the
RF fields. For the “in-plane” case the RF projection phase doesn’t show any perturbation on
changing the intensity or field direction, while the “perpendicular” case shows significant peaks
and slow relaxations under the same circumstances.

This phenomenon was initially explored through numerical simulations with a model that
shows good agreement with experimental results and later backed with analytical calculations
of the Bloch equation for this case in Cartesian spin components. The equations were solved
analytically by moving into a rotating frame of reference and applying the Rotating Wave
Approximation (RWA) and the disambiguation of the remaining solution terms by the
significance of their contribution. The results show a simplified picture of the described
problem but capture the qualitative behavior well. The measurements, numerical solution and
the analytical approach will all be presented in a wholesome description and analysis of the
described phenomenon.
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Figure 1. Two different field geometries considered for the DC transverse magnetic field scans. Left: The
“in-plane” case with constant phase error, Right: The “perpendicular” case with phase error perturbations.
REFERENCES

[1] Weis A., Bison G., Gruji¢ Z.D. (2017) Magnetic Resonance Based Atomic Magnetometers. In: Grosz A.,
Haji-Sheikh M., Mukhopadhyay S. (eds) High Sensitivity Magnetometers. Smart Sensors, Measurement
and Instrumentation, vol 19. Springer, Cham.

65





