Black holes: Introduction




The authors studied collapse from NS to BH.
Calculations were done for two cases:

with and without massive (7%) disc.

If a disc is present then such objects

can appear as sGRB.

GW signal is weak, and so they are

a subject for the third generation of detectors.
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‘ Main general surveys

» astro-ph/0610657 Neven Bilic BH phenomenology

 astro-ph/0604304 Thomas W. Baumgarte BHs: from speculations to observations

* hep-ph/0511217 Scott A. Hughes Trust but verify: the case for astrophysical BHs

« arXiv: 0907.3602 Josep M. Paredes Black holes in the Galaxy

e arXiv: 1003.0291 S.-N. Zhang Astrophysical Black Holes in the Physical Universe

e arXiv: 1501.02937 Alister W. Graham Galaxy bulges and their massive black holes

e arXiv: 1312.6698 Ramesh Narayan, Jeffrey E. McClintock Observational Evidence
for Black Holes
e arXiv: 1505.02172 Jean-Pierre Lasota Black hole accretion discs

e arXiv: 1505.04940 A. Merloni Observing SMBHSs across cosmic time




‘ BHs as astronomical sources

 Primordial BHs.
Not discovered, yet. Only upper limits (mostly from gamma-ray observations).
« Stellar mass BHSs.
There are more than twenty good candidates in close binary systems.
Accretion, jets. Observed at all wavelenghts.
Isolated stellar mass BHs are not discovered up to now.
But there are interesting candidates among microlensing events.
» Intermediate mass BHS.
Their existence is uncertain, but there are good candidates among ULX.
Observed in radio, x-rays, and optics.
 Supermassive BHSs.
There are many (dozens) good candidates with mass estimates.
In the center of our Galaxy with extremely high certainty there is supermassive BH.
Accretion, jets, tidal discruptions of normal stars.
Observed at all wavelenghts.







Yo Takoe uepHasa AbIpar

s pusuka st actpoHoma
OOnagaer omnpeaeaeHHBIMU OOnagaer onpeaeaeHHbIMU
BHYTPEHHHUMHM CBOWCTBAMH BHEIIHMMU IIPOSIBJICHUSIMU
O0ObeKT, 00Ia1ar0NUil TOPH30HTOM. KommakTHoe (pasmep ropusonta)
MAaCCHBHOE TEJI0, HE IIPOSBIIAIOINICE
IIPU3HAKOB HAJTUYHS IOBEPXHOCTH,
¥ 9b1 HEJpa HEAOCTYITHBI JJIs HaOMFOIESHUH.
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‘ KoaAaAaric ooAaka

Mgl Beer Jda BUIWUM YaCbl B LICHTPC,
HO OHH BCC KPAaCHCC U KPACHCC. ..




‘ 1 opu3ouTh

Teopema 00 OTCYTCTBUU BOJIOC:
«YepHbIe AbIPHI HE UMEIOT BOJIOCY .
UepHas apIpa MOJIHOCTHIO OMUCHIBACTCS
MacCOM U BPAIlICHUEM.




‘ Horizons appearance

L. Baiotti, Rezzolla, et al.



‘ Koaaaric

excised region
[T 1]

— —- apparent horizon

Apparent horizon position is calculated at every time step.
The event horizon (which is growing from zero to its final position and is always

outside the apparent horizon) is calculated a posteriory, i.e. after calculations
are finished.

L. Baiotti, Rezzolla et al.
gr-qc/0403029



Giacomazzo, Rezzolla et al.



‘ Collapse of a rotating star
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‘ The most certain BH — Sgr A*

1992 . 10 light days .

Stellar orbits from 1992 till 2007

(see the reference
in gr-qc/0506078)
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... and 1t becomes
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more and more certain

Observations are going on.
So, the number of stars with
well measured orbits grows.

Mgy ~ 4-5 10° Msolar

See the reference in gr-qc/0506078

New data in arXiv: 0810.4674
Recent review - 1311.1841
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Stellar mass BHs.
The case of solar metallicity.

low mass stars massive stars

BHs are formed by massive stars.

The limiting mass separating BH

and NS progenitors is not well known.
In addition, there can be a range of
masses above this limit in which, agair
NSs are formed (also, there can be
. a range in which both types of

oo/ £ : compact objects form).
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‘ Supernova progenitors

Core-Collapse Supernova Progenitors: However. there are claims
Expectations on the Theoretical HRD ,
that most of stars >18M,

produce BHs
(see a review in Smartt
arXiv: 1504.02635)
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Which stars form BHs?

It is proposed that stars with compact internal structure (M~20-30 Msolar)
form BHs not NSs. This expains data on RGs and the SN rate.

RSG problem
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Mass spectrum of compact objects

Results of numerical models
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(Timmes et al. 1996, astro-ph/9510136)
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‘ BH mass function
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‘ BH mass distribution

Power Law Exponential Gaussian
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A NS from a massive progenitor

Anomalous X-ray pulsar in the cluster
Westerlund1lmost probably has
a very massive progenitor, >40 M.

(astro-ph/0611589)
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Stellar mass BHs.
The case of zero metallicity

low -mass stars massive stars ! very massive stars

zero metallicity

Pop Il massive stars could
produce very massive BHs which
became seeds for formation

of supermassive BHSs.

pair instability

pu'sational pair instability

supermassive stars ( > 50,000 solar masses)
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BHs and NSs in close binary systems

Studying close binaries with compact objects we can obtain
mass estimates for progenitors of NSs and BHs
(see, for example, Ergma, van den Heuvel 1998 A&A 331, L29).

An interesting result was obtained for the NS system GX 301-2.

The progenitor mass was found to be equal to 50 solar masses or more.
On the other hand, for many systems with BHs

estimates of progenitor masses are lower: 20-50 solar masses.

Finally, for the BH system LMC X-3 the mass of the progenitor
IS estimated as >60 solar masses.

So, the situation is rather complicated.
Most probably, in some range of masses, at least in binary systems
both variants are possible. ‘
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Bmary evolution

A BH can be formed even from stars each below the limit.
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Tz

“Scenario machine” calculations

26



‘ Thorne-Zytkow candidates

Chemical composition anomalies.
Discussion:
1. Large proper motion — not in SMC

1601.05455
2.In SMC 1602.08479
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' GRBs and BHs

According to the standard modern model of long GRBS,
a BH is the main element of the “central engine”.

So, studying GRBs we can hope to get important information
about the first moments of BH’s life.

See a very brief review in
arxXiv:1302.6461
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'BHs from GW signals

LIGO measure signals
from compact object mergers.

These signals are more powerful
for larger masses. So, even being
rarer per unit volume,

BH+BH mergers are more
frequent in the data.
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‘ NS and BH coalescence

Some numerical models show (astro-ph/0505007, 0505094) that such events
do not produce GRBs. Some show that they do.

loq(danstty [ g -'1.-,—*;-1' at t= 18.39E ms

-400

BH-NS mergers are still a popular subject of studies:
1105.3175, 1103.3526, 1210.8153, 1302.6297, 1301.5616, 1304.3384.
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‘ Magnetic tield jet launch

Neutron star magnetic field helps to launch the jet. But disc is still necessary!

1410.7392




(astro-ph/0505094)

‘ Prompt mergers of NSs with BHs

Coleman Miller

demonstrated that in NS-BH
coalescence most probably there is
no stable mass transfer and

an accretion disc is not formed.
This means — no GRB!

The top solid line is constructed

by assuming that the neutron star

will plunge when, in one full orbit,

it can reduce its angular momentum
below the ISCO value via emission of
gravitational radiation.

The next two solid lines reduce the
allowed time to 30 and 10% of an orbit
The bottom line ignores gravitational
radiation losses entirely.
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Extremal BH-INS mergers

It is possible to form a disc around a BH during BH-NS merger, but only in case
of extreme parameters. For example, extreme BH rotation.
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‘ Supernovae

The neutrino signal during a (direct) BH formation must be significantly different
from the signal emitted during a NS formation. (arXiv: 0706.3762)
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Different curves are plotted for different types of neutrino:
electron — solid, electron anti-neutrino — dashed, mu and tau-neutrinos — dot dashed.

Constant growth of neutrino energy and a sharp cut-off indicate a BH formation.
Result depends on the EoS.

See some new results in: arXiv:0809.5129

BH formation in a PNS collapse and neutrino spectra ™



BH signatures in SN light curves

fy=0.01
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Balberg, Shapiro astro-ph/0104215

For this plot no radioactive heating
IS taken into account.

An accreting BH can “emerge”
after ~few months-years.

(see also Zampieri et al., 1998, ApJ 505, 876)
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‘ New calculations

Several mechanisms of energy
release in a fall-back
are calculated:

« “accretion heating” (solid line)
* neutrino annihilation (dotted line)

* Blandford-Znajek emission
(dashed line).

Estimates show that fallback can
potentially lead to large amount of
energy deposition to the ejecta,
powering super-luminous
supernovae.
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A BH birth???

We present an analysis of archi
find that 1 vy lumin

ly from INATT
stent with either a mode
or a model where the blast wany
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1507.05823

Disappearance of stars
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The event is consistent with the ejection of
the envelope of a red supergiant in

a failed supernova and the late-time
emission could be powered by fallback
accretion onto a newly-formed black hole.

Progenitor mass ~23-28 solar.
Consistent with the missing RSG problem.
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‘ Conclusions

* There can be different kinds of BHs: PBH, stellar, IMBH, SMBH
« Stellar mass BHs can be observed due to

- accretion in binaries

- GRBs

- GW

-in SN
* Mass interval for stellar mass BH formation is not certain
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