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a Switch for the Broad Line Region?
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Broad Emission Lines are robust

invariant with redshift, luminosity

must be hard to switch off

Mean 

z~2.5 

SDSS 

quasar*

* With large CIV blueshifts

ULASJ1120+0641

2nd Highest Redshift Quasar z=7.1 (from UKIDSS, Mortlock……......... Lawrence…, 2011)  
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Need True Type 2s: NGC 7582 

NO broad Ha Highly X-ray Variable

Ward, Wilson,  Penston, Elvis, Maccacaro, & Tritton 1978

How do we turn off the BLR?

1 month
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Elvis 2012 arXiv:1201.3520

Can we switch  off the broad lines without changing the UV?

Changing the X-ray “Corona” is the obvious option 
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X-ray “Corona” is a dense hot plasma

diameter ~few Rg ~3x1010cm (107Mo) Eclipses
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X-ray corona eclipses

2 
days 2 

days

NGC1365
Chandra monitoring

Risaliti, Elvis et al., 2007

Extended
Thermal
emission

consistent with 
BLR clouds
Pietrini et al., 2019

D ~ 10 Rg @ Mbh = 3.107 Msol

common
Torricelli-Ciamponi
et al. 2014
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X-ray “Corona” is a dense hot plasma

diameter ~10 Rg ~3x1013cm (107Mo)
Compton thick: NH ~ 1025 cm-2

kT ~20 keV (~108 K)
density ~ 1012 cm-3  

energy density, U ~ 108 erg cm-3

magnetic field > ~105 gauss  

NuSTAR spectra
e.g. Balokovic+15

Eclipses
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X-ray “Corona” is similar to a Tokamak

AGN Corona
T ~108 K

Ne ~1012 cm-3

B > 105 gauss  

ITER
T ~108 K

Ne ~1015 cm-3

B ~ 105 gauss  

ITER

Tokamaks are notoriously unstable
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X-ray “Corona” is a dense hot plasma

diameter ~10 Rg ~3x1013cm (107Mo)
Compton thick: NH ~ 1025 cm-2

kT ~20 keV (~108 K)
density ~ 1012 cm-3  

energy density, U ~ 108 erg cm-3

magnetic field > ~105 gauss  

sound crossing time: ts ~ 2x105 s

expected to be highly unstable
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yet X-ray/UV ratio is  remarkably stable

Lusso & Risaliti 2016

Lo
g 

L X

Log LUV

Lo
g 

Lx

Lusso & Risaliti 2016

Log LX = 0.65 log LUV + 7

log LUV

scatter  ~0.15 dex
includes: orientation 
+ non-simultaneity 
→intrinsic scatter tiny

X-ray Corona is not 

“added to taste”

non-Linear

type-changing quasars are 1:~1000

N = 159, outliers possible

could rare instabilities of the corona switch off the BLR?

X10
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small clouds  in pressure equilibrium with the Warm Absorber

BLR as clouds in a multi-phase medium
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small clouds  in pressure equilibrium with a hotter phase

BLR clouds in a multi-phase medium

Krolik, McKee & Tarter 1981

BLR

Compton Temp
Te

m
p

er
at

u
re

Ionization parameter ~1/Pressure

2 co-existing phases in 
pressure equilibriumheating>cooling

cooling>heating
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Updated atomic physics since early ‘80s change the stable phases

Warm Absorbers

Warm Absorbers

Chakravorty et al., 2009

eliminates most multi-phase regions

creates new stable regions
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super-Solar abundances are normal in AGN

Z/Zsol~2-7

0.0 0.5 1.0

lo
g 

N
V

/C
IV

   
 

Hamann et al., 2002

log Z/Zsol

x2 x7

Hamann & Ferland 1999 ARAA
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super-Solar abundances are normal in AGN

create large multi-phase regions

Chakravorty et al., 2009multi-phase region
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shape of SED changes stable phases 

could SED changes induce a sudden loss of the BLR?

UV Chakravorty et al., 2009X-ray
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3 SED X-ray related parameters

1) High E
Cut-off

could change fast
Chakravorty et al., 2009
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1) higher Ecut

104 K stable region unchanged → no effect on BLR?

adds higher T multi-phase ~106 K

Chakravorty et al., 2009
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2) lower LX/LUV

eliminates 2-phase region (Z/Zo=1)

Chakravorty et al., 2009

→ no BLR?



Martin Elvis,  melvis@cfa.harvard.edu Quasars in Crisis!, Edinburgh 2019 August  8

Chakravorty et al., 2009

3) Steeper X-ray slope
→multi-phase regions eliminated

steeper

no BLR?
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interesting but no slam-dunk

U
V

/X
-r

ay
 r

at
io

needs 3-D analysis

multi-phase
BLR

allowed

+ abundances

Coronal Changes could Switch off the BLR
restricted regions, but OK as rare
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Obvious Questions

do the data show any X-ray SED shape changes?

what are the abundances in type-changing AGN?

are there really any True Type 2 AGN?

can this explain the UV variability? – see Chris Done poster !

eROSITA opportunity
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do the data show any X-ray SED shape changes?

what are the abundances in type-changing AGN?

are there really any True Type 2 AGN?

eROSITA opportunity

can this explain the UV variability? – see Chris Done poster !

Thank You

Obvious Questions


