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In this thesis, the electronic states (valence band and core level) of the first order ferrimagnet
ErCo, studied by polarization dependent hard X-ray photoemission spectroscopy (HAXPES). Bulk
sensitive measurement of temperature dependent ErCo; valence band HAXPES has been
successfully performed and ErCo; electronic structure has been investigated above and below Curie
temperature (Tc). Also, the polarization dependent ErCo; valence band photoemission spectra have
been fruitfully observed in the paramagnetic cubic phase using linear polarized HAXPES.

Band structure calculations have been performed in both rhombohedral and cubic structure of ErCoy;
and these calculations revealed many characteristics for ErCo; electronic structure in the disordered
and ordered magnetic state such as: (a) verifying the antiparallel orientation between Er 4f and Co 3d
magnetic moment in the ordered magnetic state, (b) demonstrating a sharp peak lies just below the
Fermi level (Er) in Co 3d band due to the high contribution of itinerant electrons Co 3d which is the
reason for itinerant electron metamagnetism (IEM) in ErCo, compound, (c) in the paramagnetic
phase, the partial density of states (PDOSs) of majority and minority spins are almost same except Er
4f band due to its localized nature, so DOS of Er 4f band in both ErCo; structures has no essential
differences, (d) in the rhombohedral structure, although Co 9e and Co 3b located in two different
positions, the DOS and moments of two Co atoms have no crucial differences, (e) the main
contribution to the total DOS around Er is due to the contribution of Co 3d subbands .

Furthermore, band structure calculations and photoionization cross section reproduced and
described well most features of the experimental ErCo. valence band HAXPES data. Both the
experimental and calculated ErCo, valence band photoemission spectrum confirmed that the s
electronic state was suppressed in the case of vertical polarized light.

Er 3d and Co 2p core-levels photoemission spectra of cubic ErCo, have been investigated
using linear polarized HAXPES. Polarization dependent Er 3ds/, core-level photoemission spectra
(XPS) and the linear dichroism (LD) have been successfully observed by means of bulk sensitive
hard X-ray photoemission at different orientations of cubic ErCo,. Intrinsic LD has been extracted

by cancelling out the polarization dependent background based on the measurements at two different



sample orientations. The calculated LD by full multiplet theory under cubic CEF reproduced the

observed LD in both shape and size at Er* 4f ground states (Psg, Psi and I':r). Theoretical
calculations elucidated that the multipole moment of Er®* 4f electrons in the cubic CEF can be
estimated using LD in Er 3d XPS. These calculations revealed that there is a linear relationship
between the size of LD and the size of fourth order moment, while there is no relation between LD
and sixth order multipole moment. Using the experimental LD size we have estimated that the value
of the fourth order multipole moment at 45 K is <O4/F4> = -36. This value is consistent with the CEF
parameter estimated based on the specific heat measurement.

LD temperature dependent in Er 3d XPS was estimated for all Er®* ground states by means of
the full multiplet theory under cubic CEF, the results confirmed that at sufficient high temperature
LD reduces monotonously without flip of its sign. However, it was observed that sometimes LD has
non-monotonous temperature dependence at low temperatures; this behavior of LD along high and
low temperature ranges can be explained by the fourth order multipole moment. The ionic
calculations including the full multiplet theory for Er3* ion under cubic CEF splitting elucidated the
crucial role of the fourth order multipole moment to interpret the behavior of LD temperature
dependent at all temperatures range.

The study presented in this thesis is expected to be valuable for both the academic research
and the field of photoemission spectroscopy owing to the developed method to quantify
experimentally the fourth order multipole of rare-earth 4f orbital. These interesting findings motivate
us in our future plan to proceed toward extending the present study along the series of RCo; and R-T
compounds crystalized in the cubic, tetragonal and hexagonal structures. Also, we will try to
estimate the relation between LD and sixth order multipole moment using other photoemission

spectroscopy techniques.



