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. Line production: hot corona
sandwiching a relatively cold
disk irradiates it by the hard
X-ray power law continuum,
causing photoelectric abserp
tion followed by fluorescent

line emission at 6.4 keV

. Line width corresponds to: e
v~ 100.000 km/s (MCGB—BOlS)
v~ 48.000 km/s (MC&-23-16)
v~ 20.000-30.000 km/s

(many other AGN)
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qouble (composite) relativistic Fe Ka lines I

Doubl e relati vi st i crayvariabdity are expecesl to aen d

detected from very massive- 10° M, ) cosmologically nearhy<(1) black
hole binaries (Sesana, et al, 2012, MNRAS, 420, 860)
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A simulated Xray spectrum from a very massive black hole binary (Sesana, et
2012, MNRAS, 420, 860): two relati v
narrow line emitted from material at much larger radii, and power law continuu
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ay tracing in Kerr metric

image on observer’s sky
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Disk models
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— SMBHB models -

1. Model 1 accretion disks around
both primary and secondary
SMBHSs contribute to their
composite line emission (e.q." [ -
SDSS 153636.22+044127.0)
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(Boroson & Lauer, 2009.
Nature, 458, 53)

2. Model 2 the secondary
SMBH is embedded in the
accretion disk around
primary, causing an empty

" gap in the disk (e.g. Mrk 231)y,, ot a1 2015, ApJ, 809, 117 e
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. Eeplerian barycentric orbits of SMBHBs |

- . ¢ - - dr2a’ M,
1. The third Kepler's lawr orbital period: p2 — . g=—
-

2. Mean anomaly)s — = (t—7) =210, wiiers orbital phase

3. Kepler's Equation)y — F — esin E = eccentric anomily
l+e E)

— €

5. True barycentric orbits in the orbital plane (their orientations differ b$)180

a1,2 (1 — e?) qga a

9: p— p—
r12 (0) 1 +eccosf = 1+¢q’ 2 1+4+gq

6. Their corresponding apparent orbit:c
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7. Radial velocities of the components and their velocity semiamplitudes:
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nfluence of Doppler shifts on the observed disk emission

- Redshift factor due to relativistic effecty = g‘)bs = 5 Jlr
<
« Redshift factors due to radial velocities of théenéomponents (Doppler shifts):
1 Vrad V’I"ad <<
Ji,2 = 1+ 210’ 21,2 = P 1,2 c
» Total redshift factorg, , = L = L
1+ 24 212 1 1
-+ — -1
g 912

Assumed SMBHB parameters and orbital elements

 Angular diameter distance to SMBHB;, = 10 MpcC (z¢osm ~ 0.0023)

« Mass of the primary _SMBI_IMl =100 M,

* Outer radius of the disk around the prime Bt = 50 R, ~ 5000 AU = 500 pas

« A very close and massive SMBHB large apparent size of a disk on the observe
sky (1 mas 1 mas)

Orbital a Period (yr) e i Q| w v
elements | (AU) | (pc) | g1 =1.0 | g0 =0.5| g3 =0.25 ) [ )] ()] (km/s)
orbit 1 | 2 x10% | 0.1 20.0 23.1 25.3 0.5 |30 | 0 | 30 0
0

orbit 2 | 4x10%* | 0.2 56.6 65.3 71.6 0.25 | 60 90 0 I
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Apparent orbits of the components Normalized composite line profile
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Apparent orbits of the components
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Apparent orbits of the components Normalized composite line profile
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Apparent orbits of the components Normalized composite line profile
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Apparent orbits of the components Normalized composite line profile
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Apparent orbits of the components Normalized composite line profile
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model 2: empty gap int
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Detectability of SMBHB signatures in the observed Fe Ka lines

« A simulated line was calculated over 200 bins of widfa= 0.064 keVY
spectral resolution at 6.4 keVE$ B =100

« E/ Bof modern Xray telescopexMM-Newton D2 0 —-SuZakuD600 at 6 keV,
ChandraD1 00-1000 i n O0. 1- —— Nphot = 500 x 500

~In the raytracing simulations signdb-noise | -t
ratio depends on the number of photons emitte
from a disk (here 5000 5000)

. Large number of photons in our simulations
provides much higher S/N ratio than in the
current observations byMM-Newtonand
Chandra(althoughE/ Bis close to theirs)!
difficult detection of SMBHB signatures in the
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— Conclusions —

1. We simulated the Feline profiles emitted from two models of SMBHBSs:
I. both primary and secondary SMBHs are surrounded by an accretion disk and they
orbiting around their center of mass
i. the secondary SMBH clears an empty gap (or cavity) in the disk around primary
The obtained results of these simulations showed that:
2. Both models leave detectable ripples in the emitteddeknig profiles
3. In the first model, such ripples in the composite line profiles are caused by Dor
shifts due to orbital motion, and depend on:
. orbital phase of SMBHB (time) and cause the periodical variability of the line shape
. mass ratio between the secondary and primary SMBHs
. parameters of the accretion disks (e.g. inclination) around both primary and second
. Keplerian orbital elements, which could potentially enable reconstruction of the obst
radial velocity curves and their fitting with Keplerian orbits
1. In the second model, these ripples do not significantly change in time, but inste
. they depend on the parameters of the disk around the primary (inclination and emis
. their amplitudes strongly depend on the width and distance of the empty gap from tl
central SMBH, and hence they could be used for constraining the mass ratios and
separations between the components in this type of SMBHBs
2. Spectral resolutions and, especially sigieahoise ratios, of modern-kKay detectors
are not sufﬁment to study in details such signatures of SMBHBSs, but this will be

e next generation ofrXy observatories (su




Thank you for attention!







