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OAko to vgetko zalal o
OGalaxie v r *znorodosti | e
OMI i elcesta dnaga rodng§ zem
O Gaia misia & posun o svetelne roky

OGtrukt ¥Yr a vG&adiaakltei zclkd hcth?
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Ako to wakdalko. .



Galaxie -h1 st - r 1 a

OHmloviny? dah do 20teho storofli a

O 1888 - Isaac Robertsdpr v8 f ot ogdsatf&lae |
sa ale povahuje za hmlovinu

O 1917 - Heber Curtis 8 pozoroval novyv M31 8
presadzoval my gl ienku aost
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Hmlovina v

Roberts 1888




Galaxie -h1 st - r 1 a
01920 di skusi a ghkeGredtDebaeh us Fu

OCurtissi v §gi mo Doppldrov gpasanina M31

O 1925 - Hubble & pozoroval Cepheidy v M31 &
Hmlovinav Andromedeje mi mogal akti ck®
zoskupenie hviezd






Hmota , hmota , sam8 h mot

O Fritzzwicky & 1933

OPozoroval kopu gal aBdrehikyv s Y
(Coma cluster)

OPol2tal rlchl ostiir §lkeoma®nm a

C"Y Yy ustslenom stave
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Zwicky - 1933

OO0Odhadol cel kov¥% hmotnos¥T na
gal axi 2

O Z pohybova virialovhot eor ®mu z2 skal d
odhad hmotnosti

ORozdi el bobv okbome skdl axi 2 s
400x viac hmoty ako vieme p




Rotal n® kri vky




/0te roky - nastal zlom

OZal2na postupng8 konvergenc.i
tmave] hmoty

ONovI druh pozorovan?

OVera Rubinpozoruje rotaln® krivl
(funklng8 z8vislosT obehnej
vzdialenosti)




Vera Rubin
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ROTATIONAL VELOCITY (km s™1)
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de Swart akol. 2017
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Rotal n &rivka

https://en.wikipedia.org/wiki/File:Galaxy_rotation_under_the_influence_of_dark_matter.ogv
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Eilers et al. 2018 (this work) — ===== ve: linear fit bulge

]
"V Huang et al. 2016 v.: all stellar components + halo thin disk
300F ¢ Lopez-Corredoira et al. 2014 halo: NFW-profile fit thick disk -
§ Kafle et al. 2012 all stellar components
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Dve pozorovania, jedno
vysvetlenie

O Disperziar 1 ¢ h Bwis t Pt8el oorv® m

ORotaln® krivky gal axi i

OPostupne sa tmavs§ hmota dos
mainstreamu




Pozorovania v je] prospech

ORot al n® galiavkktyi,ck® kopy

ONal gind2ci e

OGravitaln® gogovky

OKoz mi mk ®r o vpozadie®




Gravital

https://www.youtube.com/watch?v=Rsx0AGQhQvs






Kozmi ck® mi kr ov |

pozadie
OGravitmYsi® enie tmavej hmot
rozl oheni e hmoty v poliatol

vesm?2ru

OAni zotrop
n

l e v kozmickom mik
(okrem 1 n®h o)

zodpovedaj Y v




Plan

http://mww.esa.int/var/esa/storage/images/esa_multimedia/images/2013/03/planck_cmb/12583930 -4-eng -GB/Planck_CM
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https://upload.wikimedia.org/wikipedia/commons/6/64/P1A 16874

Planck

-CobeWmapPlanckComparison

-20130321.jp¢



Free Hydrogen
and Helium- Heavy

Elements

Neutrinos J
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Galaxie ov r ' znor o
Kr 8s a




Nie je galaxia ako galaxia

ORozmer od 100iek svetelnlch
svetelnlch rokov

O Hmotnosti do 10 4 My

OSvietivos¥ ¢odd 10PQ0 mi | . L




M51
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Hoag's Object R R
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NGC 4038 a NGC 4039
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The Hubble Galaxies Classification

The three classes of galaxies are ellipticals, lenticulars and spirals.

Galaxies are classified based on their visual appearance, Normal Splral
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Ml I el na cest a

OGpirs&8lovsg galaxia s pri eSB§o
OPol omer disku 50 000 svetel
OHr Ybka disku je priblihne 1
OOkol o 400 mili8rd hviezd

OHmotnos¥ 1 bili-n hmotnost 2



THE SUN

CENTRAL BLACK HOLE
| - MOLECULAR CLOUDS

-~ SPIRAL ARMS

STAR-FORMING
REGIONS



Pri ed¢vklad u ¥F o u

OPri blihne do 10 000 sveteln

ONeobsahuje wvéduF&lleupri el ku
takzvanou pseudovI du¥fou

OD*vod s¥% predch8dzaj %ce zr §
i nl ch gal axi 2




Centr 8l nalolelrasea¥ di

OCentrum j e z8rovef silnlmr8dioc
Sagittarius A*

OSuper hmoitena ddj ®rmi | i - na h|
Sinka (z pohybov hviezd pri strede)







