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Black Hole (BH)
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Event Horizon
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Event horizon
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Schwarzchild Radius
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Andrew Hamilton’s page: http://casa.colorado.edu/~ajsh/
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e Mass(EE)ZAIET
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o HEXRDHE (Kepler’s 3rd law)
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X-ray Binary (X#EE3)
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LIGO (Laser Interferometer Gravitational Wave Observatory)
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Inspiral Merger Ring- circular orbits
o assumed for

Q f J O‘ the waveform
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Strain (10~%%)

Frequency (Hz)

GW150914 (Sep 14, 2015)
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BARRRER

Initial BH masses: 36f5M® and 29“_L4M®

- . +4 (source frame)
Final BH mass: 62_4M®

Distance: 410118 Mpc  redshift z = 0.0970;.

Radiated energy in GW: 3.O+0‘5M@c2

-0.5
Source localization: 590 deg?
- - +0.05 - - .
final spin: 0,67_0.07 Dim-less spin param:

a = c|S|/(Gm?) < 1.
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PSR B1913+160

Orbital decay of binary pulsar (neutron star)
(Hulse & Taylor ’75)
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Astropnysical Implication

- BNNRORYIDERERD

EREE (225M0) EBEEBHSNC ODFHICERET S.

— T

mhy

EH(~10 GyND S BICART 2T ENTES.

A, EMREDFTENSDERENEDICSS.

Lk ssWER & EWEEE(metallicity=0.5Z6)

BHEZE D ERZ: 2 - 400 Gpc3 yr-1 (comoving)




log, ,(Me yr' Mpc™)

Time (Gyr)
10 54 3 2 1 0.6 0.4
= —3 -
RIS G ) g
i ATy >0.06L;_, g
= HH -
Fas J
2 -_a’“ . B .
i =8 :
: -
~3|- o "
) ]
| s 7]
: 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 1 1 l‘_'f 1 L
0 2 4 6 8 10
Redshift

Bouwens+'09

t [Gyr]

13 4 2 13 1 08 06 05 04
l: T T T T T E
3 t i
. = 4
1071 S 5 I»l +
Q .
(=B - —t—+
>. &
' - ,
1 10 22_ © GRB (this work) i | - —
o - Bouwens et al. (2007) =
2 = Bouwens et al. (2012a)
e Bouwens et al. (2011) =
* -3
2 107°F  w Oeschetal. (2012)
" Oeschetal. (2013) .
. W Coeetal. (2013) :
10—4 U SRREE U SRR U A TN TN WA U0 SR U MU U NNUN SRUN U AN N TN U WA N SR U NN TN SUAN N UNAN SR U N R N A |
O 1 2 3 4 5 6 7 8 9 10 11 12
Z

Kistler+ ‘13

BEGESID. BUBESBRED. COFHT
EDLSVOENEFTNTVEDOH ?







!

[S

How does a high-mass star d




Core runs out of fuel!
ZRS DR GBS L.....
Gravity («=—=) wants to collapse the star!



Death of High-Mass Stars

* The core and outer layers run out of fuel.
* The star then collapses, due to gravity.

* The mass is high enough that nothing
(even the degeneracy pressure) can
balance the gravitational collapse.
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Death of High-Mass Stars

Gravity ( <) wants to collapse the star

No outward pressure = implosion

(R

JERARER)

Rebound of outer
layers against the

core = supernova
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Supernova |1987A

The closest supernova 1n the last four centuries was
seen 1n 1987.

L. S
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Before. [ he arrow points to After. The supernova actually
the star observed to explode appeared as a bright point of
in 1987. light. It appears larger than a

N R L point In this photograph only
B2 IR E FRZE DS S (C/X5 | because of overexposure.




Supernovae Remnants

* Energy released the “Crab nebula”
by core collapse Remnant of the supernova
drives the outer seen in A.D. 1054

layers into space

neutron star in the center

Xray
view




VWhat happens to the core
after a supernova!’

BEICL>THERRIELGS |

* Neutron Star

—heavy stars: remaining mass of 1.4 Me to
about 3 Me

 Black Hole

—really heavy stars: remaining mass greater
than 3 Me




Some supernova explosions produces black
holes as a remnant. (movie)
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1993 09 09 13:58:59 UTC

|-10 light days-|

Speed: 0.000 m/s FOV:13°59'60.0" (1.00x)

Follow GC
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More evidence for
supermassive black holes
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active galactic
nucleus
wavelength

gas motion of ~100s km/s at <60 ly from the center
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More evidence

NGC 4258

e IK9T T Dwater maser

(microwave amplification

by stimulated emission by
radiation) D & H

« BH mass: 3.9 x 10° Me




Black Holes in Galaxies
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Supermassive BH
BRXEE7ovI1HKR—Il

Correlation Between Black Hole Mass
and Bulge Mass
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First Direct Evidence of Cosmic Inflation
Release No.: 2014-05
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