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Evidence for supermassive black holes
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Galactlc Nuclei as Collapsed Old Quasars

D. LYNDEN-RELL ,.ii Such a huge lumm051ty can be

i confined in a very compact region only
| 1n the form of a SMBH accretion disc |
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It takes just a solar mass per year to power an active galactic nucleus
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The simplest astrophysical objects

No-hair theorem:
mass spin
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The simplest astrophysical objects

No-hair theorem:
mass spin
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Spin measurements methods

Binary SMBH systems (Abbott+16, Valtonen+08)
» gravitational waves, orbital precession

Spectral energy distribution (Davis & Laor 11, Done+13)
» comparison with accretion disc models

X-ray polarimetry (Schnittman & Krolik 10)
» polarization degree and angle

X-ray variability (Mohan & Mangalam 14, Kara+16)
» PSD break, quasi-periodic oscillations
» negative time lags, Fe K reverberation

e X-ray microlensing (Chartas+17)
» Fe K line magnification, g-factor distribution

o X-ray reflection spectroscopy (Fabian+09)
» General relativistic distortion effects

Most methods are not applicable to the SMBH range and/or ambiguous
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X-ray reflection

The lamp-post model: observer
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e.g. Dovciak+11
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X-ray reflection: FeK line
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X-ray reflection: broadband spectrum
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Reflection or absorption?

e Extreme spectral complexity Compton hump?
- multiple continuum components (hot/warm Comptonization?)
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Soft excess?
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Reflection or absorption?

Prograde Rotation Model
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Bare AGN and spin distribution

» Broadband analysis of a sample of 25 bare AGN observed with Suzaku
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Bare AGN and spin distribution

» Broadband analysis of a sample of 25 bare AGN observed with Suzaku
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» Problem: actual nature of the soft excess (Boissay+16)
Ark 120: Nardini+11 vs. Porquet+18 / Ton S180: Nardini+12 vs. Parker+18
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The remarkable case of NGC 1365
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The remarkable case of NGC 1365

® = XMM
® = NuSTAR
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A rapidly spinning SMBH?
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A rapidly spinning SMBH?
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A rapidly spinning SMBH?
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A rapidly spinning SMBH?

THE HARD X-RAY SPECTRUM OF NGC 1365: SCATTERED LIGHT, NOT BLACK HOLE SPIN

L. MiLLER' aND T. J. TURNER’
I Department of Physics, Oxford University, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH, UK
? Department of Physics, University of Maryland Baltimore County, Baltimore. MD 21250, USA
Received 2013 March 18; accepied 2013 July 6; published 2013 Julv 24

ABSTRACT

Active galactic nuclei (AGNs) show excess X-ray emission above 10 keV compared with extrapolation of spectra
from lower energies. Risaliti et al. have recently attempted to model the hard X-ray excess in the type 1.8 AGN
NGC 1365, concluding that the hard excess most likely arises from Compton-scattered reflection of X-rays from an
inner accretion disk close to the black hole. Their analvsis disfavored a model in which the hard excess arises from a
high column density of circumnuclear gas partially covering a primary X-ray source, despite such components being
required in the NGC 1365 data below 10 keV. Using a Monte Carlo radiative transfer approach, we demonstrate
that this conclusion is invalidated by (1) usc of slab absorption modcls. which have unrcalistic transmission spectra
[or partial covering gas, (2) neglect of the ellect ol Complon scatlering on lransmilled spectra, and (3) mmadequate
modeling of the spectrum of scattered X-rays. The scattered spectrum is geometry-dependent and, for high global
covering factors, may dominate above 10 keV. We further show that. in models of circumnuclear gas. the suppression
of the observed hard X-ray flux by reprocessing may be no larger than required by the “light bending™ model invoked
[or inner disk reflection, and the expecled emission line strengths lie within the observed range. We conclude thal
the time-invariant “red wing” in AGN X-ray spectra is probably caused by continuum transmitted through and
scattered from circumnuclear gas, not by highly redshifted line emission, and that measurement of black hole spin
is not possible.

Kev words: galaxics: actuive — radiative transfer — X-rays: galaxics — X-rays: individual (NGC 1363)

“We conclude that ... measurement of black hole spin is not possible.”
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Reflection-based spins at high redshift
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Problem: 78 microlensed Fe K features detected in the 38 x4 Chandra spectra
» Spin still compatible with zero (rin < 8.5 rg), inclination >76 (Chartas+17)
» New simultaneous XMM+NuSTAR observation performed last week

Emanuele Nardini SMBH spin measurement in AGN ESAC, 12 Jun 2018




A different approach

Simulation of high-quality broadband X-ray spectra plus blind spectral analysis

e Single-epoch XMM+NuSTAR Elias Kammoun (SISSA)
observation of bright AGN
» general parent model
» typical parameter space

e 30 simulated spectra

» 15 unrestricted
» 9 Kerr SMBHs
» 6 ‘bare’ AGN

e 2 blind fits per spectrum
» 60 realizations
» output vs. input

Testing the accuracy
of reflection-based
SMBH spin measurements

Kammoun, Nardini & Risaliti
(A&A in press) Guido Risaliti (UniFl) Emanuele Nardini (OAA)

Emanuele Nardini SMBH spin measurement in AGN ESAC, 12 Jun 2018




* Thermal emission

Warm absorber ’ *
B
logE ~4 logE ~ 1 \

® Ny~1024cm-2

® Nu~108cm=2

Cold absorber

Primary continuum

Disc reflection
Distant reflection

Emanuele Nardini SMBH spin measurement in AGN ESAC, 12 Jun 2018




Results - part |

Ockham’s razor approach:

good statistics, stable minimum, negligible residuals
(Note: this does not ensure that a fit is also physically accurate!)

Irrespective of the fit accuracy, most parameters are retrieved with success
... apart from the spin

General case

a*
0.3 0.6 0.9

Kammoun+18

Emanuele Nardini SMBH spin measurement in AGN ESAC, 12 Jun 2018




Results - part |

Ockham’s razor approach:

good statistics, stable minimum, negligible residuals
(Note: this does not ensure that a fit is also physically accurate!)

Irrespective of the fit accuracy, most parameters are retrieved with success
... apart from the spin

Positive Success

General case

(9 7~ N\
it I
Undetermined

Failure

Kammoun+18

Emanuele Nardini SMBH spin measurement in AGN ESAC, 12 Jun 2018




Results - part |

Ockham’s razor approach:
good statistics, stable minimum, negligible residuals

(Note: this does not ensure that a fit is also physically accurate!)

Irrespective of the fit accuracy, most parameters are retrieved with success
... apart from the spin

General case

B RHRUSHEE RN

a*
0.3 0.6 0.9

Preliminary conclusion:
High spins (10/12) are more likely recovered
than low/intermediate spins (7/18)
Kammoun+18
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Examples
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Results - part |l

Kerr case Bare case
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a
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a < 0.8: 11 models a2 0.8: 19 models
h<5rg6(5)fits h <5rg 24 (16) fits
— Success 4/6 (3/5) — Success 22/24 (16/16)
— Undetermined 0/6 (0/5) — Undetermined 0/24 (1/16)
— Failure 2/6 (2/5) — Failure 2/24 (0/16)
h>5rg 16 (12) fits h>5rg 14 (9) fits
— Success 5/16 (3/12) — Success 0/14 (0/9)
— Undetermined 6/16 (4/12) — Undetermined 1/14 (1/9)
— Failure 5/16 (5/12) — Failure 13/14 (8/9)
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Results - part |l

Kerr case Bare case
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a < 0.8: 11 models a2 0.8: 19 models
h <5 rg 6(5)fits h <5 rg 24 (16) fits o
— Success 4/6 (3/5) — Success 22/24(16/16)
— Undetermined 0/6 (0/5) — Undetermined 0/24 )
— Failure 2/6 (2/5) — Failure 2/24 (0/16)
h>5rg 16 (12) fits h>5rg 14 (9) fits
— Success 5/16 (3/12) — Success 0/14 (0/9)
— Undetermined 6/16 (4/12) — Undetermined 1/14 (1/9)
— Failure 5/16 (5/12) — Failure 13/14 (8/9)

» Source height (hence inner disc emissivity) is critical for SMBH spin measure
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Ancillary considerations

e Physically accurate fits (42/60) are evenly distributed in the parameter space
 Wrong and undetermined spin values (29/60) have a nearly flat distribution

e Possible dependence on other reflection parameters (Are, &, 0, IN)
» increased statistics needed to investigate hidden degeneracies

e One or more spectral components are missed in 7/60 fits
» spin estimate: 1/7 success, 1/7 undetermined, 5/7 failure

e One or more spectral components are added in 11/60 fits
» spin estimate: 6/11 success, 1/11 undetermined, 4/11 failure

o Partial covering and relativistic reflection can be generally disentangled
» only 1/30 model could be fitted with 3 absorption layers and no reflection
» in other 3/30 models reflection could be missed at lower X-ray brightness
» none of the above cases represent bare configurations
» extreme blurring can become a serious issue even at high spectral quality
» multi-epoch observations are a viable means to remove ambiguities
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Further complications

Ark 120: nearest and brightest bare AGN

» Warm Comptonization as most likely
origin of the soft excess (Porquet+18)

» Broad Fe K feature and Compton hump
suggest reflection from outer disc

» Inner disc reflection over-smoothed by
an extended corona? (Wilkins & Gallo 15)

» Spin constrained in the range 0.6-0.9

~55 60 65 70 75 from SED modelling (Porquet+, subm.)
Rest-frame energy (keV)

Data/Continuum

Nardini+16
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A bright future ahead
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Conclusions

e Can we currently measure SMBH spins?
» Yes. In a few cases and under very special conditions.

e Can spin-dependent X-ray signatures be identified?

» Not always. Strong reflection from the inner disc and a
physical characterization of the corona are mandatory.

e Will there be any improvements in the future?

» Maybe. High resolution and large area are both needed to
reveal any Fe K fine structure and track its time variability

e |s there anything we can do in the mean time?
» Combine complementary diagnostics whenever possible.
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