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The Main Sequence — Organizing quasar diversity

Introduction: a main sequence (MS) for type-1
(unobscured) quasars

An extreme (“tip”) of the MS

Cosmological applications?



The Main Sequence — Organizing quasar diversity

Quasar spectra show a wide range of line profiles, line shifts,
line intensities = differences in dynamical conditions and
ionization levels of the broad line region (BLR)
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different quasar populations Sulentic et al. 2000



The Main Sequence — Organizing quasar diversity

A main sequence (MS) for quasars organizing quasar diversity
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The Main Sequence — Organizing quasar diversity

The quasar Eigenvector 1: a Main Sequence (MS) for quasars

Eigenvector 1: Originally defined by a
Principal Component Analysis of PG
quasars; since 1992, the E1 MS has been

log L < 47 [erg/s) found in increasingly larger samples.

E1 MS first associated with the anti-
correlation between strength of FellA 4570
(or [Olll] 5007 peak intensity) and width of
Hf3, but several multifrequency parameters

Main related to the accretion process and the
sequence accompanying outflows are also correlated.

The E1 sequence is probably due to a
Pop. A ; ..
; - R R = combination of effects dependent on
A1 NESyds® ° 1o 4000 Krh s-1 - Eddington ratio, viewing angle, and metal
content (more detail in Swayamtrupta
Panda’s talk).
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Boron & Green 1992; Dultzin-Hacyan et al. 1997; Shang et al. 2003, Yip et al.2004, Sulentic et al. 2000, 2002, 2007; Kruzcek et al
2011; Tang et al. 2012; Kuraszkiewicz et al. 2008; Mao et al. 2009; Grupe 2004, Wang et al. 2006; Panda et al. 2018, 2019. SDSS
data : Shen & Ho 2014, Sun & Shen 2015, Brotherton et al. 2015; Du et al. 2016.



The Main Sequence — Organizing quasar diversity
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L>1047 erg s-1: extremely high amplitude
blueshifts in CIV 1549 profiles of Pop. A quasars

Virialized: symmetric and unshifted with respect
to rest frame

A virialized system emitting ] Se——" -
mainly LILs coexists with O s e T | e oo o e oo
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The “high Rrenend” of the quasar MS
(extreme Population A, xA, at Rre = 1)



Extreme Population A — Selection and physical conditions

The MS allows for the definition of
spectral types, and 2
. ﬁ i populations:
tical Plane A (FWHM HB<4000 km/s) and B

- 4DE1 O

Pop. A includes the Narrow Line
Seyfert 1 (NLSy1s)

Gradient of Rrenin Pop. A
Spectral type within Pop. A are
defined by Rren ranges;
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Extreme Population A
(xA) quasars satisfy
Reen> 1; ~ 10% of
quasars in low-z,
optically selected
samples
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Boron & Green 1992; Sulentic et al. 2000; Marziani et al. 2001;
Shen & Ho 2014; Du et al. 2016; Panda et al. 2019, in preparation



Extreme Population A — Selection and physical conditions
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UV and optical selection criteria are equivalent



Extreme Population A — Selection and physical conditions

XA spectra show distinctively FWHM(HB) ~ FWHM(AIIII 1860)
strong Fell emission and Allll 1860 virial broadening
Lorentzian Balmer line profiles estimator equivalent to Hg

Population A quasars
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Allows for the consideration of XA quasars
at high z (>1.2)

Negrete et al. 2013; del Olmo et al. 2019, in preparation
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Symmetric low-ionization and blueshifed high-
lonization lines even at the highest luminosity

Extreme Population A — Selection and physical conditions

The UV spectrum of XA quasars at z ~ 2

Martinez-Aldama et al.
2018, and reference
therein
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Extreme Population A — Selection and physical conditions

Extreme values for density
(high, n > 101213 cm-3), ionization
(high, U~10-3)
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compact remnant of the
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Extreme Population A (Rre = 1):
implications for Cosmology?

xA: Marziani & Sulentic 2014 (MS14); Negrete et al. 2018; Martinez-Aldama et al. 2018; related to “Super-Eddington”
accreting massive black holes (SEAMBHSs): Wang et al. 2013; 2014; Du et al. 2016; Czerny et al. 2018 for a review;
Czerny et al. 2013; Risaliti & Lusso 2015, and La Franca et al. 2014 for alternative methods.



Extreme Population A: cosmological applications?

XA quasars: Accretion disk theory: low radiative
Extreme L/Ledd efficiency at high accretion rate;
along the MS with L/Leqa saturates toward a limiting
small dispersion values

L = nlLgrgqq = constnMpy L/Lg;;—>const. for m>> 1

L L L AL AL LA (R A B
HE sample: —0.105 + 0.16 ~2[ 1 +ln(r.n /60)]

Sample 1: -0.086 + 0.116
Sample 2: -0.136 + 0.219
Sample 3: -0.196 + 0.096
Full sample: -0.166 + 0.127
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Marziani & Sulentic 2014 (MS14); Mineshige 2000; Abramowicz et al. 1988; Sadowski 2014




Extreme Population A: cosmological applications?

Eddington standard candles

geometry
1. xA quasars radiate close to Eddington limit N~ dynamics
L = nlLgqq = constnMpy 9
fr(ov)
Mgy = G
2. Assuming virial motions of the low-ion. BLR, FWHM
L «n MBH = N rgLr (6V)2 IBLR o,FWZI

3. XA quasars have similar BLR physical parameters (nn and U), implying that the
BLR radius rigorously scales with L reLr « (L nn U)1/2

4. If we know a virial broadening estimator ov (in practice, the FWHM of a low-
lonization line), we can derive a z-independent

“virial luminosity” Lvir = n2 (nn U)1 (0Vv)4



Extreme Population A: cosmological applications?

“Virial luminosity”
/ fraction of wontzing luminosity
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Analogous to the Tully-Fisher and the early
formulation of the Faber Jackson laws for early-
type galaxies; galaxies and even clusters of
galaxies are virialized systems that show an . R

overall consistency with an L « o%law ' "Negrete et al. 2018

Applicable to xA quasars (L/Leqg =N = 1) over a

Du et al. 2016

wide range of luminosity and redshift

_ L 2 3
MS14; cf. Teerikorpi 2011 log o [km/s]



Extreme Population A: cosmological applications?

A Hubble Diagram for quasars:
consistent with concordance
ACDM

Significant scatter, oay ~ 1.1 - 1.3 mag

Data already rule out extreme Universes
(Qa=1,0m=0) or the Einstein-de Sitter
Universe

Negrete et al. 2018
Sniegowska et al. 2019, Allll, in prep

Marziani & Sulentic 2014, Allll

Data already
provide
significant
constraints on
QY
(0.19+0.17 4 gg):
the redshift
range 2 - 3 IS
highly
sensitive to
Owm

Du et al. 2016
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Extreme Population A: cosmological applications?
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ou = p'" — @ = 2.5log LLFWHM) — 2.5 log L(z, Ho, Qu1, Q).

HB XA sample from -
SDSS DR7 ; Orientation dependent form factor E

Highly flattened system
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Orientation accounts for most of the scatter if Negreteetal 2018; cf

Afanasiev, Popovic, et al. 2018

lines are emitted in a flattened system (k~0.1).  fromspectropolarimetry)
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Extreme Population A: cosmological applications?

Make 6 estimates |ndependent The assumption of extreme cosmologies

from the cosmology yield modest differences in 6 estimates,
dB8<0.05 rad.

Randomization and de-correlation
should make the estimate of the viewing
angle independent from the cosmology
and strongly reduce the scatter in the
Hubble diagram.
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. 6 [rad] ’ ' A full Bayesian analysis is in progress.

Work to improve the accuracy of black
hole mass and Eddington ratio using 0 is
INn progress.
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Conclusion

The MS offer contextualization of quasar observational and
physical properties.

Extreme Population A (xA) quasars at the high Rren end of the
MS appear to radiate at extreme L/Leqq. LOW ionization lines are
apparently emitted in a highly-flattened, virialized BLR.

XA quasars show a relatively high prevalence (10%) and are
easily recognizable. They might be suitable as “Eddington
standard candles” especially if orientation effects can be
accounted for.






