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The three first slides shows respectively :
s2-the evolution of the Star Formation Rate,
s3-the Black Holes Accretion Rate and

s4- the Core Collapsed Supernovae.

As quoted by Madau & Dickinson AARA 2014, the evolution of
SFR and BHAR evolve closely. They evolve up to a maximum
around 10 Gyr and then both decrease up to now.

Also the SNIe formation rate goes closely to that of the SFR.

Note the scales of SFR and BHAR. Look details in Madau and
Dickinson paper.



Star Formation Rate, (Madau & Dickinson ARAA 2014)
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SFR vs BHah (Madau & Dickinson AARA2014)
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Comparison of the best-fit star formation history (thick solid curve) with the massive black hole
accretion history from X-ray [red curve (Shankar et al. 2009); light green shading (Aird et
al.2010)] and infrared (light blue shading) (Delvecchio et al. 2014) data.




cc SNle rate, (Madau & Dickinson, ARAA 2014)
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THE HIDRA-CENTAURUS
GROUP OF GALAXIES.



Map of Auger
UHECRs (open
red squares) and
BAT AGN within
100 Mpc illed
blue circles) In
supergalactic

coordinates

exposure, relative to Cen A. The six AGN 1n the catalogue within 20
Mpc are marked with white crosses, with Cen A at (159°.7, —5°.2).

Grey contours have equal integrated exposures. Blue boundaries show
where the AGN catalogue is incomplete due to the Galactic plane, |bl <
15°.
http://mnrasl.oxtordjournals.org/content/388/1/LL59/F1.expansion.html
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" Nuclear Starburst

Are accretion onto SMBH and
violent star formation co-evolving
phenomena or necessary partners
of the activity?

Mechanisms triggering the
nuclear extended star formation

Relationship of the triggering

mechanisms to galaxy evolution

D= 3.7 Mpc (h=0.75) [~
18 pc ()]
. Diameter (arcmin) :
12.9x11.5
e Casification : SB(rs)b

Spiral Galaxy Messier 83 (VLT ANTU + FORSI) ‘
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The next 2 images show the extraordinary structure
of M&3 central 500 pc (N up and E left).

S15: right 1mage 1s from GEMINI-S and the left one
the HST one (Harris et al 2001), showing the richness
of details: the arc of HII regions formation (arc-like

white structure below ); the optical nucleus (ON) 1s the
redish structure 3’ to the NE. And arc of dust to the W.

S16: shows a intruder cloud detected in 6¢cm and 10
um whose tail seems to embed the chain of HII
regions.



GEMINI-S

Harris et al. (2001)

Giant arc:
37and 77 from galaxy center.
Spans 157 (225 pc)
Includes 20 massive young clusters ~30 Do
The starburst began ~10 Myr ago. 0 D SRR
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Sakamoto et al. 2004

CO emission
Submillimeter Array

The distribution and
kinematics of the molecular
gas is typical for barred
galaxies down to 1 kpc

Unusual kinematics around
the double nucleus in the
central ~ 300 pc. O= Optical
Nucleus (ON)

Resol. ~3”. + =Kinematic
Center (KC) coincides with

the center of the bulge.
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Next Slide (S21): left shows the three disks
models,

for ON, KC and HN. Right: the Velocity
Dispersion

map, indicating with crosses the position of the
3 nuclei1 and the addoptedVel. Disp. to adjust the
BHs models (S22).

The resulting BHs, that bether adjust the
Velocity Dispersion, without manifesting the

keplering motion, are shown in the table
of S23.
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M83: Central cond Satoh+3 BH M83. Hidden nudleus Satoh+3 BH

va

2 10°5 Msun

1x107"6 Msun

M83: Ceniral cond Satoh3 BH ME3: Hidden nucleus Satoh+3 BH

2x10°6 Msun




Putative BHs

KC

HN

Mph*
, ; » Mk Mph MBH
[oc] e alkm/s] | MsxES] [MsxE6] | [MSXES]
8+1 | 46£9 | 110210 |3.7¢1.2 | 4.0 1.0
655 | 63+£8 82110 |6.0x1.2 0.2-1.0
405 |58+ 11 |196+10 |3.0+1.2 1.0




S25: The merging process of the central objects of M&3
including ON, KC and HN plus the set of HII regions

has been modelled by Rodrigues and collaborators and. The
total process, take around 200 Myr. This simulation shows
how the cloud of stars around each clusters merge in only one
cloud where the original components can not be anymore
differentiated.

Nevertheless, 1t does not guarantees the merge of the central
BHs, which have to be modelled separatelly using GR.



10.80 Myr

The Astronomical Journal, 137:4083—4090, 2009 May
Rodrigues et al.
MODEL OF THE INNER REGION OF M 83 MERGE PROCESS.



As a matter of comparison, we show (S27) the mass and
other parameters determination for the BH at the center of
NGC 4258, kindly ceded by Daniel Alf Drehmer , from his
Thesis (IF-UFRGS, March 10th, 2015).



NGC 4258 — IFU SPECTRDSCOPY
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NGC 4258 — SMBH Mass Determination

Jeans Dynamical Model - Velocity Second Moment
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Is the radio-source RS28 (Maddox et al 2006, AJ
vol 132, pg 306) a Kick-Off from M83?

After the detailed radio-map of Maddox et al (2006) of
M83 (S31), the possibility arosses the object RS28 to be
na ejecta from the nucleus of M83 (S31 and S32 and S33
too).

S34-RS 28 coincides with the X-ray source J 133658.3—
295105. S35- shows the Ha line obtained at the position
of RS28 (green line) compared to that of a nearby HII
region of M83 taken simultaneously (yellow line). RS28
shows a small reddening with regard to M83.



Maddox, 2006, AJ 132, 306

Contato em GA-IAU 2006
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GEMINI-S Observations

RS 28 GMOS-S at GEMINI South June 2007 (program GS-
2007ADD-17).

broad and narrow band 1maging in the range 500 to 950 nm,
centered at the position of the radio source emission peak with
average seeing of 0.8

bands and exposure times : 90 s; [OIll]: 121 s; [OIII]C: 121 s;
H®: 91.5 s; H®C: 91.5 s; [SII]: 91.5 s; i: 60 s; CaT: 60 s and z:
91.5s.

L. Slit spectroscopy between 572-988nm , effective exposure
time of 3600 s and average seeing of 0.8 .

A 1.5 long slit was positioned on RS 28 and oriented along the
line of radio sources.



NOROD/AIRAF V2 .12.25-EXFORT damian@lamaga Thu 17:32:20 06-Dec-2007
Separatlion step = 0.
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Detalhe da regiao de Halpha. Amarelo,:RHII de referéncia, verde : espectro da M28, mostrando.
- Uma emissao a S/N~ 3
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Is J 133658.3-295105 a Radio Source atz >=1.0
or at the distance of M 83?

The Astronomical Journal, Volume
136, Issue 6, pp. 2468-2472 (2008).

Dottori, H., Diaz, R., Mast, D.



Detection limit at S/N » 3, mi = 23.5 # 0.5. This is based on an average
seeing of 0.8, disk absorption 1-1.3mg = m_i=22.2mg.

We could detect 80% of the BL and NL AGN in SEXSY sample!!
(Eckart06).

If Cen A was located at z » I, NGC5128 would shine at m/ =21.5 mg,
orml =23.1mg if located at 7 = 2. Cen A radiolobes are at ~600kpc
twice that quoted by soria & Wu (2003) for R28.

(Hewitt & Burbidge 1993): [OIl] , 3727 A (0.34,1.4); [NV] , 3426 A
(0.46,1.77);[Mgll] , 2798 A (0.8,2.4), [CIII] , 1909 A (1.6,3.9),; [Hell]
1640°A (2.1,4.7); [CIV] . 15494 (2.2,5.1); [SIV] . 1402 A (2.6,6.7);
[NeV] 1240A (3.4,7.6). =& 2<z<3 for large radio galaxies.



If local , RS 28 would have a projected size ~0.5-1.0 kpc.

Is RS 28 a gravitational recoil?, Question remains open.

Ejecta RS 27 and RS 29 =» accretion disk like microQSO
and QSO.

Why RS 27 and 29 sit along line of kick line? unclear.



Physical properties of accreting black holes (temperature,

ejecta size, etc) scale with some power of the BH mass
(Mirabel & Rodriguez 1999).

If ejecta size scales with the BH mass, a direct comparison
with the microquasar 1E1740.7-2942 (MBH ~ 10Ms, size~5
pc) lead to a mass for a RS 28 BH ~1000 to 2000Ms.

BB temperature for Eddington-limit accretion (Rees 1984;
Mirabel & Rodr “1guez 1999) should be T = 107

(M/Ms)N—1/4) ~1/3 to 1/5 of that of a galactic microquasar.

X-ray and/or NIR spectroscopic observations will be
necessary to scan redshifts 2.5 <z <5.0 and also around z ~

0 to unequivocally determine the distance to and the nature
of J 133658.3-295105.



The missing Goliath’s Slingshot:
Massive black hole Recoil at the
nucleus of M 83

Dottori, H., Diaz, R., Mast, D. &
Albacete-Colombo, J. F.

Astrophysical Journal 2010, 717, Let
42.



The Fanaroff-Riley II radio source J133658.3—295105, which is
also an X-ray source, appears to be projected onto the disk of the
barred-spiral galaxy M83 at about 60" from the galaxy's optical
nucleus. J133658.3—-295105 and its radio lobes are aligned with the
optical nucleus of M 83 and two other radio sources, neither of
which are supernova remnants or H II regions. Due to this peculiar
on-the-sky projection, J133658.3—295105 was previously studied
by Gemini+GMOS optical spectroscopy, which marginally
revealed the presence of Ha in emission receding at 130 km s-
I'with respect to the optical nucleus. In this Letter, we reanalyze
the Chandra spectroscopy carried out in 2000. We show that
J133658.3—295105 presents an Fe Ka emission line at a redshift
of z =0.018. This redshift 1s compatible with a black hole at the
distance of M 83. We discuss similarities to the recently reported
micro-quasar in NGC 5408. This finding reinforces the kicked-off
black hole scenario for J133658.3—295105.
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NUMERICAL SIMULATIONS



Modeling the Black hole Recoil from the
Nucleus of M 83
Guilherme G. Ferrari

Gongalves Ferrari, G., Dottori, H., Diaz, R.



In our approach, Post-Newtonian equations are employed in all
interactions in which at least one SMBH is present, while
interactions between individual stars are computed in Newtonian
form with a softening length ~1/N, where N is the total number of
particles. We use a symplectic integration method based on the time-
transformed leap-frog scheme, modified to account for the correct
time symmetry of the Post-Newtonian equations during the
numerical solution. The time symmetry was accomplished by a semi-
implicit trapezoidal rule, which results in only one (Newtonian and
Post-Newtonian) force calculation per timestep, while keeping
energy conservation within a difference of <10"—12 relative to the
initial value. The simulations ended when the particles reached
separations of the order of 3 RSch (Schwarzschild radii) or when the
endtime was reached. We emphasize that the symplectic integrators
respect the system’s Hamiltonian structure, conserving the
symplectic form itself.

goferrari@gmail.com






Modeling the gravitational recoil in NGC 5236

N_star: 8189, N_bh:3, M_tot: 8e+06 Msun

T=0My T | =717 405 My T=1e+06 Myr o
 ESEY fsr,% §r - !“ ; Hernquist profile (10 runs)

| '{ ,E B f#ﬁé;_-;' [ ':IA;?' fr:g @ 2 or 3 SMBHs

s i R B o | Ak e
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b 'D i ' _;g @ Post-Newtonian corrections

Main results
@ Triple SMBHs models are the ones that better reproduces the observed situation
@ “ON"-like object: Decoit ~ 30 — 200pcC, Viecoi ~ 40 — 90 km/s
@ “J133658.3-295105-like object: Dyecoiy ~ 0.4 — 4 KpC, Vigeoi ~ 100 — 400 km/s



Concluding Remarks:

The time for the process of merge of ON, KC, HN and the chain of
HII regions in the central region of M83 is of the order of 100-500
Myrs, while the ejection of a kick-off ocurrs at typical velocities of
400-4000 km/sec. Assuming a value of 1000 km/sec, and a distance
of ~1 kpc for RS28, it hapened a million years ago, roughly speaking.
That suggest that the second process can be considered as
instantaneous compared to the first. Then it is possible that the
Kick-off ejection and the off-center ON may be, according to the
simulation, the by-product of the same process indicating that ON
should host at least 2 BHs .

It might be argued that the kick-off is so young that it is tremendous
coincidence that we are just now adays witnessing the phenomenon
and that all may be just a flaw. We agre that it 1s possible, but we call
your attention to the fact that a new process of merging 1s in course
and 1f the previous analysis 1s correct, ON must have a couple of BHs
in 1ts interior. Tha 1s why the study of this group of galaxies 1s so
important.



COMPLEMENTARY

SCENARY.
MINOR SATELLITES CANIVALISM

“Naked Nucle1”

A couple of examples follow showing that process of canivalization is

A common one in the near Universe, such that in NGC 4651. Foster, C.
et al. http://adsabs.harvard.edu/abs (2014, MNRAS 442, 3544). Steams
are also detected in the halo of M83 (S54) Albacete-Colombo J., Mast ,
D., Diaz, R. & Dottori, H. in preparation.



http://adsabs.harvard.edu/abs/MNRAS 442

NGC 4651, GaBany et al.
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AIbaQete-,Colc')mbé; Mast, Diaz & D’éft.ori, 2015 in preparation



NGC 5457 (Wong et al. 04, ApJ 605, 183)

*

NGC5457 (HI dispersion) | NGC5457 DSS) .
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