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Introduction: a main sequence (MS) for type-1
(unobscured) quasars and its interpretation based on
Eddington ratio and orientation
Population B extreme: fully disk- dominated quasars

Population A extreme: highly accreting quasars



The E1 main sequence (MS) is represented as an anti-correlation
between strength of FellA4570 and FWHM of Hf3
(or peak intensity of [Olll] 4959,5007)

Eigenvector 1 (E1): originally
defined by a Principal
Component Analysis on the
spectra of ~80 PG quasars
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Sulentic et al. 2000, 2002;
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Fell emission from UV
k to the IR can dominate
cauiaent win () TR _ _ _ # the thermal balance of
Al SDSS quasars the low-ionization BLR

Marinello et al. 2018

Zamfir et al. 2010, n ~ 500

Since 1992, the E1 MS has
been found in increasingly
larger samples

FWHM(Hp): related to the velocity
field in the low- ionization BLR
(predominantly virialized)

Peterson & Wandel 2000;
recent reverberation studies

Shen & Ho 2014, n ~ 20000



The elbow-shaped MS allows for the definition of two main populations
(along with spectral types): Population A and B

I Population A (FWHM(HB) = 4000 km s-7):
=B § low ionization lines symmetric and unshifted — virial equilibrium
' ’ large CIV blueshifts = prominent outflows
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A 52, | Population B (FWHM(HB) = 4000 km s-):
| low ionization emission often red-ward symmetric;
reverberation mapping — stratification and virial equilibrium
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HB profiles remain Lorentzian-like up to around
FWHM(HB) =4000 km s1

Rest Frame \ [A]
5000 5200 5400 4400 4600 4800

NLy1s (FWHM(HB) < 2000 km s-1)
vs “rest of Population A”:
2000 km s-1 < FWHM(HpB) < 4000 km s-1
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CIV blueshifts among NLSy1s increase with
Rren but remain consistent up to
FWHM(HB) = 4000 km s-

Negrete et al. 2018; Marziani et al. 2018, and in preparation; cf. Cracco et al. 2016
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Several approaches consistently support a relation between L/Leqda and Rren

The MgH proxy ox decreases Fundamental plane of accreting
with Rren in narrow luminosity massive black holes
bins =L/Ledq increases with Rrel
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Occupation of the MS optical plane at low-z can be accounted for in
terms of Eddington ratio and orientation

% Population A: L/Lgdq = 0.1-0.2 Key assumptions: Rren « L/Lgqq Virial
Population B L/Lggq< 0.1-0.2 velocity field in a flattened geometry
% Pop. Aincludes rare (P(0) - sin 0) Mar = f(@)reLn FWHM2/G

QWer /LEds Telco an=purces FWHM = Ma'/4 (L/Lead) V4(6) /2 (virial);

* NLSy1s preferentially sample face-on
sources along the MS Rren « Rren(L/Leqad) cos 8 (1+ b cos 6)

0=>15, fr=89%
0=30, fr=46%

Relation Rrenn (U, n) — L/LEqd
computed semi-empirically
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The relative occupation in the Rre 1 Sequence is explained as a
sequence of increasing L/Ledd and related observational trends i.e.,
cloud density ny, chemical composition Z, and SED shape.

B and A1: relatively low density, low Z, and low L/Lgqq
oin Sebuence 81 A2: moderate density ny ~10'" cm-3, intermediate L/Ledd, £~5Z¢
ptlwl _____________________ Rren > 1: higher nn, radiative output at the L/Leqag~1, and Zz10Z¢
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Extreme Population B

very broad Balmer profiles, low Rrei, low accretion rate
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NGC 1275: broad line region chemical composition
analysis

. Detection and isolation of relatively faint broad
P components
NGC 1275

Constraints: Very weak Fell, prominent Hell\4686,
low CIVA1549/HellA1640 ratio

Broad components of Hell\4686,
HB (Copernico), CIVA1549,
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L(C1v) _ 03—

L(HP)

L(Fe 1)

L(HP)
L (He 1\1640)

NGC 1275: solar or slightly subsolar metallicity,
0.1 2@5251 Z@

< 0.3,

=05 - 1.0.

Moderate density ny ~ 1010 cm?-3,
and column density NH~1023 cm-2.

Exploration of a parameter
subspace in nn, ionization
parameter U, N4, metallicity, with

CLOUDY 17.01
assuming a carefully defined SED
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CLOUDY Simulations: NGC 1275
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Extreme Population B: accretion disk emission lines

Candidate accretion disk profiles Eddington ratios are low
Few (~ 2% in the SDSS), much lower than those of
very broad Population B sources typical type-1 AGN: < 0.02;
show a double peaked Balmer line profile AD “bared”: extreme Population B
Arp 102B: Mg ~ -25.7 UNAM KIAS 613: M; > -21.9
Rren = 0.1 Rren = 0.1
L/LEdqd<0.1 L/Leda<0.1

UNAM-KIAS-613

10000
Radial Velocity (km s™!)

Sulentic et al. 2000; Strateva et al. 2003, 2007 Hernandez-Toledo et al. in preparation



Rest Frame A[A] Rest Frame A[A]
1550 2800

Blazar line profiles consistent with I
contribution from accretion disk

AD parameters: 0 < 5, inner radius < 100rg | |
AD emission favoured by the low level of the  Ei i B e
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Orientation effects are at a play for Arp 1023
IOW Eddington ratio Chen & Halpern 1989:

R;, =350 R,
Ry = 1000 Ry,
More in the talk by Edi Bon at this conference ‘

Candidate accretion disk profiles also show
shifts at the line base consistent gravitational
and transverse redshift. Disk models suggest

higher orientation.
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Is the gravitational redshift hypothesis is
applicable to most Population B sources?

Popovic et al. 1995; Corbin 1995; Bon et al. 2015 et Fm%efsém

CIV UVES
PKS 0438

Contribution of a wind component and
additional emission in the BC can
complicate the issue

Popovic et al. 2004; Bon et al. 2009




Extreme Population A

Highly accreting, possibly super-Eddington quasars
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Extreme Population A: low ionisation emitting region + high
ionization wind (truly “wind-dominated”)

4DE1 Optical Plane
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Extreme Pop. A (XA; Rrei>1): CIVA1549 mainly blueshifted (l.e.) wind emission
but Balmer and Paschen lines remain predominantly virialized
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The diagnostics applied to xA spectra show a fairly monotonic trend
with metallicity Z

Diagnostic line ratios
CIVA1549/HellA1640
Allll A1860/HellA1640
(SilV+OIV])A1400/
HellA1640

HellA1640
expedient
because of
“constant” He
abundance and
of simple
HellA1640
radiation transfer
but very weak

Sniegowska et al. 2021
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Extreme Population A: Very homogeneous properties
and extreme values of metallicity (Zz=20 Z,)

J085856.00+015219.4
16

4 I Bi I :Hell :OIII]¢AIII i i I g Free n H , U

12

1
08}
06}
0.4

Normalized F,

R

0.35 =

03
0.25
0.2
0.15 -
0.1 f;

0.05
/

u=(1.27+0.32) p=(1.99+0.21) p = (1.91+0.18)

N 3]

NH, U: 1k | For the low-ionizaton BLR,

BC T T: 1. EE ' | lonization parameter, density, and

[
—00.5 0.1 0.7 1‘.3 1‘.9 25 1 1.é8 1.56 1.84 2.‘12 2.401 1.é8 1.‘56 1.‘84 2.‘12 2. . Z are Constralned

J010657.94-085500.1 r —@—
J082936.30+080140.6 —®—

J084525.84+072222.3
J084719.12+094323.4
J085856.00+015219.4
J092641.41+013506.6
J094637.83-012411.5
J102421.32+024520.2
J151929.45+072328.7
J084525.84+072222.3
J150959.16+074450.1

J151929.45+072328.7

J211651.48+044123.7

log10(Z(CIV/Hell)) log10(Z(SilV/Hell)) log10(Z(Allll/Hell)) log10(2)
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Systematic differences imply over-abundances
of Al and Si with respect to C
Z(CIV/Hell) ~ 10 Z®

Z(Allll/Hell) ~ 20 - 50 Z®

; i ‘
' Main Sehuence :

AlogZ = logZ(Allll/Hell) —logZ(CIV/Hell) AlogZ = logZ(SilV/Hell) —logZ(CIV/Hell)

Enlarged sample of 39 objects by Garnica et al., in preparation, and poster on display)



The xA can reach very high radio power P,~1025 W Hz-

xA follows the correlation SFR from FIR - SFR from radio
observed for radio-quiet quasars: radio power from
supernova remnants
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Ganci et al. 2019; del Olmo et al. 2021; cf. Bonzini et al. 2015




XA in a particular stage of quasar evolution
Pollution of the line emitting gas by core-collapse supernovae

‘ ‘QJ :
Mé’rging Starburst
Enrichment
via SN I1/Ibc

Enriched
Fuel

Feedback: Highly accreting

quasars, L/Lgqq ~ 1,

with powerful winds,very
metal rich :

D’Onofrio et al. 2020



Population B, Population A, XA in different accretion modes

Interplay between the Broad Line Region and the structures are
associated with different accretion modes still to be clarified

D’Onofrio et al. 2021; Giustini and Proga 2019
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Conclusions

* Recent developments strengthen the interpretation of the MS
quasars based on Eddington ratio and orientation

* Population B extreme: “disk dominated;” the flatness of the
emitting region helped detect orientation effects

¥ The MS is not only about spectral parameters; instead, it reflects
different evolutionary and environmental situations

% Extreme of Population A: very metal rich, possibly with
enrichment associated with a circumnuclear Starburst

Possible “Eddington standard candles?”
(talk by Tania Buendia Rios)

'
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# Automatic recognition of large xA samples via machine learning

(e.g. Peruzzi et al. 2021)






