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Dissecting Fe II lines in AGN spectra:

revealing the complex physics of the broad-line region
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Complex Fe II emission in AGN spectra

The Fe II - characterized by a very large number of closely spaced energy levels and, consequently,
numerous possible transitions.

The complex atomic structure of Fe II enables a wide range of atomic processes.

This property distinguishes Fe II from other atomic species,
making it a unique probe of BLR physics.
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Unexplained properties of Fe II lines in AGN spectra

Fe II lines are surprisingly strong in some spectra! Their emission could be even ~
30% of the total emitted energy from the Broad Line Region - not expected!
(Wills et al. 1985; Joly 1987; Collin-Souffrin et al. 1988)

Several unexplained correlations among Fe II lines and other spectral properties as

EV1 correlations: FWHM Hp vs. Fe I/HPB (Rren), EW Fe II vs. EW [OIII].

(Boroson & Green 1992)
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It 1s found that EV'1 correlations are governed by 4D O]ptlcal Plane
(Boroson & Green 1992, Sulentic et al. 2000,

Marziani et al. 2001, Shen & Ho 2014,...)
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However, the physical mechanism
still remains unclear!
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Violated relative intensities between Fe II lines

- The relative intensities of Fe II lines in AGN spectra deviate from theoretical
calculations!
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Variations of relative intensities among Fe II lines in different AGN§
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We use a large sample of Type 1 active galactic nuclei spectra (SDSS) in
order to investigate:

- atomic processes responsible for observed properties of Fe II emission
lines;

- correlations between Fe II lines and other spectral parameters, with special
focus on the quasar main sequence, whose underlying physics is crucial for
understanding the structure and physical conditions of the BLR.




Tool for analysis: complex and flexible Fe II template

T
Hy HB
- free intensity parameters for different Fell

line groups, enabling us to follow the small
variations in their relative intensities across
different spectra.

7€ lincons ALL VWH Fell sy - the Fe II line groups are formed following
K_//VW\J w the atomic characteristics.
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Results: Fe llincons missing in broad line spectra
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Results: What causes the violated relative intensities among the Fe II lines?

o The ratios Fe Hopt/Fe II ,andFell  /Fell

both increase with an increase in the Eddington
ratio (REdd).
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In this scenario, the high Eddington ratio causes
A an increase in the optical depth in Fe II lines,
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Fe Mincons which results in the triggering of the process of

UVFel v 9 self-absorption.
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Results: Dissecting the Fe II in quasar main sequence
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EW Fe II vs. FWHM Fe II is probably more
fundamental relation underlying the quasar main
sequence, Fell/HP (Rger) vs. FWHM Hp.

Objects with EW Fe II > 150 A have higher Ry
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Results: Dissecting the Fe II in quasar main sequence
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Dissecting the Fe Il in quasar main sequence
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* The increase in EW Fe II for objects with
EW Fe Il > 150 A, is primarily caused by
the strengthening of the EW Fe Iliycons lines
and EW Fe Il;.r components, while EW
of Fe Ilveir, Oon average, do not
significantly changes along the quasar
main sequence.
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Growth of different Fe II components in the quasar main sequence
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Fe II lines - a signature of the AGN dichotomy
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The observed variation of the [OIII]/HPyr ratio along the
quasar main sequence can be interpreted as a change in the shape of
the 1onizing continuum within the NLR (Baldwin et al. 1981).

Softer ionizing continuum, would contribute to a more efficient
excitation of the optical Fe II lines, since they have low energy of
1onization (7.9 eV) and excitation (5 eV).

Several theoretical models predict a softening of the ionizing

continuum for the sources with high Eddington ratio
(Kubota & Done 2018; Ferland et al. 2020; Garnica et al. 2025).
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log([OIII]/HBR) > 1
0.5 < log([OIIT)/HBNLR) < 1
log([OIII}/HBNLR) < 0.5

(1) Fe Ilincons/Fe Il < 0.1 (87 objects)

(2) 0.1 < Fe Ilincons/Fe Tt < 0.2 (134 objects)
(3) 0.2 < Fe Iincons /Fe Il < 0.3 (187 objects)
(4) 0.3 <Fe Ilincons /Fe Ilioe < 0.4 (320 objects)
(5) Fe Ilincons/Fe Il > 0.4 (293 objects).
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Conclusions:

A high Eddington ratio could be associated with modifications in disk and BLR
structure, leading to triggering additional atomic processes which contribute to Fe II
emission.

This may result in the appearance of Fe II;,.., lines and Fe II;; x components, which
consequently increase the optical Fe II strength, making the characteristic
distribution of sources along the quasar main sequence.

: Kovacevi¢-Dojcinovié, J. et al. 2025, A&A, 694, A289
Kovacevi¢-Dojcinovié, J. et al. 2026, A&A, 710, A66

Thank you for your attention!
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Variations among relative intensities of
the optical Fe II lines
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Two-component model of Fe II lines

o We found that application of the two-component
Fe II model is justified for spectra with Fe II widths smaller
than FWHM Fe 11, ~ 5000 km s-!, because it gives
significantly better fit than single-component model.

For spectra with very broad Fe II lines (FWHM Fe 111G >
5000 km s71), fitting the Fe II with the two-Gaussian model
is unreliable because it does not have a unique

decomposition and does not improve the quality of the fit

200040006000 5000 10000 12000, 14000 16000 compared to the single-Gaussian model.
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