





Cosmic microwave background spectrum (from COBE)

COBE data ——+—
Black body spectrum ———
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Termodynamika podporujici zivot

Exoplaneta u standardni hveézdy

Standardni hvézda: zdroj prichoziho toku energie s
nizkou entropii

Chladna nocni obloha: chladic zvysujici entropii
okolniho vesmiru odpadnim teplem Zivych organismu

Cernodérova exoplaneta

CMB zesilované extrémnim gravitacnim lensingem:
zdroj prichoziho toku energie s nizkou entropii

Stin ¢erné diry a chladna cast oblohy: chladic¢ zvysujici
entropii okolniho vesmiru odpadnim teplem zivych
organismu




Cernodérova exoplaneta

Extrémni gravitacni pole extrémné rychle rotuijici
Kerrovy cerné diry v blizkosti ISCO (a tim i horizontu
udalosti)

Frame-draging effect strhujici zareni ve smeéru
rotace cerné diry

Extrémni (subsvételna) orbitalni orbitalni rychlost
exoplanety — dopplerovské efekty (STR)

Stin cerne diry a chladna cast oblohy: chladic i
zvysSujici  entropii okolniho vesmiru odpadnim -
teplem zZivych organismu




Ohrev Cernodérové exoplanety gravitacne zesilenym CMB

Kerr metric - rotating Kerr black hole
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Exoplanet as black body

Incoming energy
W =7 R*®
On Earth =~ 1.603 x 101" W

Radiating power

W =cd4rR?*T*

Estimated temperature

./ ® <«—— Solar constant
Vo




Transformace black-body spektralniho profilu CMB
na Multi-black body spektrum

Frekvencni posun Transformace black-body spektra Transformovana teplota CMB
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Vysledny tok (kvazi-slunecni konstanta) a spektralni profil CMB z celé lokalni oblohy exoplanety

Faktor frekvenéniho posunu
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Frekvencni posun CMB na exoplanetarni lokalni obloze

Transformace casoveé slozky lokalné normalizované Ctyr-

Zdroj CMB )
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Numerické metody
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Mapa frekvencniho posunu (log,, g) na lokalni exoplanetarni obloze
Exoplaneta na R=6.0M, BH spin a=0
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Mapa frekvenéniho posunu (log,, g) na lokalni exoplanetarni obloze
Exoplaneta na R=6.0M, BH spin a=1-10"%4
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Mapa frekvenéniho posunu (log,, g) na lokalni exoplanetarni obloze
Exoplanet at R=2.2M, BH spin a=1-10"'4
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Mapa frekvencniho posunu (log,, g) na lokalni exoplanetarni obloze
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Mapa frekvencniho posunu (log,, g) na lokalni exoplanetarni obloze
Exoplaneta na R=1.0000378M, BH spin a=1-101%(planeta Millerové)

P ~5x10%° W

300 x vice nez na Zemi

T = ¢/®/(4o) ~ 890°C




FIG. 4. Detail of the shadow boundary of a black hole for the case of Fig. 3(c) near # = 0 and ¢ = 150°,
where A¢ = ¢ — 150°. The contour lines of constant temperature are shown, the number indicating
relative temperature shift with respect to the temperature of background radiation measured by a
distant observer. The light spot on the upper left shows the angular size of Neptune as seen from the

Earth, for comparison (the shape is deformed due to different scales of # and Ag).

Opatrny et al, AJP, 2017



Obyvatelna zO6na kolem cernych dér?

Opt|m|st|c Habitable Zone

¥
()
st
>
4+
. (©
e
Q
@
5
=

' < 1229b, * &
. : . o £ fﬁi &
A & e - & 186f
@ 0.5R, . g7 :

@ 1R, | | © .560b  Gliesel667Cc

é Prox Cén b

_ . 10
F1.5R, TRAPPIST-1d - :
- . € i 7 1f<x G

1

200% . - 175% - 150% - 125% .. 100% - .  75% .  50% - _  25%

Image Credit: Cheéster Harman ) . o =
Planets: PHL at UPR Arecibo, NASA/IPL Starlight on planet relative to sunlight on*Earth




Obyvatelna zona kolem cernych der?

Velmi hruba aproximace (moznost existence kapalné vody)

Studeny okraj: solarni konstanta (hustota toku energie)
jako na obézné draze Marsu, 589 W/m?

Horky okraj: slunecni konstanta (hustota toku energie)
jako na obézné draze Venuse, 2611 W/m?
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FIG. 4. The maximum frequency shift factor of the CMB coming from the exoplanetary local sky ¢ (in a decadic logarithmic

scale) as a function of the black hole spin a and the radius of the exoplanetary orbit R,,s.



1.0009 3500
{3000
1.0008
2500
— 1.0007
QO
E 4
o 2000 £
2 1.0006 =
o/ S
1500
1.0005
1000
1.0004
1 1 1 1 1 1 1 1 1 \ 500
18 16 14 12 10 8 6 4 2 0
1-a[10™]

‘ . ' . r 2 B .
FIG. 5. The flux density of the CMB coming from the exoplanetary local sky (solar constant) ® [W/m~] as a function of the
black hole spin a and the radius of the exoplanetary orbit R,,,. The range of R, is restricted to the habitable zone only.



1.0009 80
60
1.0008
40
~'  1.0007
§ 20
o ks
o l—
oS 1.0006 0
-20
1.0005
40
1.0004
1 | L 1 | L | | L _60
18 16 14 12 10 8 6 4 2 0
1-a[10H]

FIG. 6. Estimated temperature of the exoplanet T' [°C] as a function of the black hole spin a and the radius of the exoplanetary
orbit R,-».The range of R, is restricted to the habitable zone only.
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FIG. 7. Peak wavelength of the resulting multi-black-body spectrum of incoming CMB \,,... [nm] as a function of the black
hole spin a and the radius of the exoplanetary orbit ...



Spektralni profily CMB prichoziho z lokalni oblohy exoplanety obihajici
v obyvatelné zéné kolem extrémni Kerrovy cerné diry
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Stabilita vuci slapovym silam

Tidal disruption radius

()
Ty,
Earth” s sized exoplanet
m, = 5.97 - 10**ke , r, = 6.37-10° m
Black hole mass
M ~ 1.63-10% mg
Habitable zone width

1.667 - 10° km
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FIG. 3. The time dilation factor I' as a function of the radial
coordinate of the exoplanetary circular orbit. The range of
the radial coordinate si restricted to the habitable zone, the
spin is fixed to the extreme value of a = 1.



Zavery
Obyvatelna zéna muze vzniknout v tésné blizkosti
supermasivnich, témer extrémnich rotujicich ¢ernych deér se
spinem ¢ > 1—1.64-1071Y,

Hmotnost BH zajistujici odolnost exoplanety vUici slapovému
roztrhdni v obyvatelné z6né musi byt M > 1.63-10% mg

Studeny okraj obyvatelné zony se nachazi na

Rory = 1.00090 GM /c?

Horka okraj obyvatelné zény se nachazi na

Ry = 1.00042 GM /A



aAaE Science Focus

ANATOMY  iccrerionpisc-

The black hole's gravity alters the path of

OF ABLACK s
PHOTON RING

I IO LE This ringof light is composed of multiple
distorted images of the disc. The images
becomefainter closerto the black hole

DOPPLER BEAMING - ,

Light from glowing gas in the accretion K P EVENT HORIZON
disc is brighter on the side where o4 The ‘point of no return’, from which
material is movingtowards us, and 'Y/ /4 7 nothing, not even light, escapes
fainter where it's movingaway

ACCRETION DISC ittt i

HABITABLE ZONE ; the shadowis formed by the black hole's
The orbit ofa potentially habitable o — : capture of light rays and gravitational lensing
planet (blue region) warmed by the . —

accretion disc

ACCRETION DISC —9 | UNDERSIDE OF
Hot,thin,otating dc Grange band ACCRETION DISC
formed by matter spiralling towards
thabiacknale e CMB HABITABLE ZONE — i e
The orbit ofa potentially habitable planet to produce this image
(blue ring) warmed by lensing of the
cosmic microwave background (CMB)
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