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Galaxie v souhvézdi Andromedy
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Galaxie v souhvézdi Andromedy
disk modrych hvézd kolem Cerné diry v jadre




M 31 x Galaxie
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The Collision Between The Milky Way And Andromeda

T. J. Cox™ and Abraham Loeby
Harswrd-Srmdhesnzen Conder for Antrphponcs, §0 Carden Steeel, Cambradge, MA PSS, 84
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ABETRACT

We mme & N-body /hydrodynnmir smmistion to foressst the oture seoamer e
tworn the Milky Why nnd the Andromeds galasies given oorcent chasmmtionsl con-
sirpints on ther relntive dissnee, coative velooity, ond masss. Allowing for & com-
parahle oot of diffisse mues to Bl the vofumne of the Looal Groop, we And that
the two golaces ore likely to collide s few billion yenms - within the Sun's Lifrtmme
Durisgy the the mteroction, there is n chmoce that the Soan will be pulled sway ffom
itn present orfital mdmns sod regde inoon extended tidnd teii. The Bkelibood for this
raiome inereiss & the merger progresses, ond thers ®oa cemote possihility thet
pur Sun will b more tightly bounxd 0 Androopeds than te the Milky Way before the
fimnl merger. Eventunlly, after the merger b completed, the Son is most kely to be
seattered o the ooter balo ond reside gt moeh Incger mda (> 3 kpe). The density
profilem of the wines, gas nod dork metfer iothe merger product nsemble those of
elbiptien] galnxies. Our Loenl Group model therefore provides s prototype progemtor
f Inbe-formeing eliptical palnxies.

Key words:  galswyevolution — gelaviescevolnton — gelace-formation — galae-
icsimersetions — Loeal Groap — methods: 3 body simmbstioms

soeal Group

I Ao

’

Milky Way
02 M)

Fd

7 4 Intragroup Medum
(260 10 M, )

Andromeda
16 % 105 M o)

A

1.5 Mpe

>

%




Srazka galaxii




Kupa galaxii
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Hubbleova klasifikace

Hubble's Galaxy Classification Scheme
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Hubbleova Kklasifikace galaxii
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Hubbleova klasifikace galaxii

podle vnéjSiho vzhledu v puvodni Kklasifikaci rozdélujeme galaxie na
eliptické E - 13 %

spiralni S - 62 %

cockovitého tvaru S0 -9 %

nepravidelné Ir - 3 %

zvlastni typy galaxii - 13 %

Eliptické galaxie maji tvar elipsoidu ruzn¢ho zploSténi, hvézdy
rozlozeny symetricky, jejich hustota rovnomeérné ubyva od stredu k
okraji, ve sloZeni prevladaji star¢ Cervené hvézdy — obfi, veleobri,
obsahuji mensi mnozstvi mezihvézdné latky

prechodnym typem mezi galaxiemi E a S jsou galaxie CoCkovitého tvaru
S0

V prubéhu vyvoje za miliardy roku galaxie mohou ménit sviij typ




Problémy tradi¢ni galaktické klasifikace

Problems with traditional galaxy classification

Appearance of galaxies is strongly dependent on which
wavelength the observations are made in.

e.g. the nearby galaxy M8 1

X-ray Visible Near-IR Far-IR

Note: large change in appearance between the UV and
the near infrared images.




M 87 - elipticka galaxie E(

ME7  © Anglo-Australian Observatory
Photo by David hMalin




M 39 - elipticka galaxie ES

M59aM 60




Cockovita galaxie SO NGC 5010




Vyvoj eliptickych galaxii




Spiralni galaxie

Spiralni galaxie se d¢li na podtypy Sa, Sb, Sc podle vzajemnéeho
pomeru jejich sférickych a plochych slozek, Sa je charakterizovana
relativné velkym jadrem a slab€ vyvinutymi spiralnimi rameny, v
galaxiich Sc¢ je naopak jadro nevyrazné, dominuje plocha slozka s
velkym mnoZstvim mezihvézdné hmoty a horkych hvézd, tvoricich
mohutna spiralni ramena, nase Galaxie spada do pfechodného typu

Sb — Sc¢ s prickou




Galaxie Sa - Sombrero




Galaxie Sb v souhvézdi Andromedy




Galaxie M 31 v ruznych spektralnich oborech




Galaxie S¢ M 33 v Trojuhelniku




piralni galaxie s prickou




Nase Galaxie Sb




Nepravidelné galaxie

nepravidelné galaxie jsou zpravidla nejméné hmotné, avSak obsahuyji
relativné nejvice mezihvézdné hmoty (30 - 40%), proto v nich vznika
nejvice hvézd

posloupnost galaxii Ir - Sc - Sb - Sa - SO - E odrazi ruzne pocCatecni
podminky pr1 vzniku galaxii, pod¢l této posloupnosti se zmensSuje
moment hybnosti na jednotku hmotnosti galaxie, ktery ma vyznamnou
roli pt1 tvorbé jednotlivych hvézd, nejde o vyvojovou posloupnost




Velky Magellanuv oblak galaxie Ir

Tarantule-emisni
mlhovina




Velky Magellanuv oblak - vznik hvézd




Interagujici galaxie




vyron plynu z jadra

v=1000 km.s!

Galaxie M 82 Ir
r=3,6 Mpc
V.=200 km.s™!

¢erna dira = 10 3 Mg




Galaxie M 82 Ir
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Galaxie M 82
r =3,6 Mpc, ¢erna dira =10 3 Mg

Lynds a Sandage v [4] provedli vipocty uvoliiované energie pri explozi,
za predpokladu nuvedené vzdalenosti 3,6 Mpe galaxie M 82 stanovili hod-
notu toku zaieni v ¢aie Hy2 - 10% W, Piijmeme-li hustotu protonit 107
v m’, dostdvame odhad expandujici ¢4sti vodikového plynu na 6 - 10° M.
Odtud byla uréena horni hranice kinetické energie na ~ 10" J. Znacna ¢ast
energie se transformuje na vznik synchrotronového zateni, které je dete-
kovano v radiovém oboru. Celkové mnozstvi uvolnéné energie se odhaduje

r- # i L *. & & #
na 10” J. Porovnédno, exploze v M 82 je z hlediska energie ekvivalentni
explozi 10 tisiciun supernov.




galaxie M 82 Ir

Zjawiska wybuchowe
WE WszeChé“]ieCie Julius2 Domarski, Viadimis Stefl

Ciekawym przykladem jest aktywna galaktyka
M 82 (fot. 13), jedna z najjasniejszych galaktyk w pod-
czerwonym zakresie widma, znajdujaca sie w odleglo-
sci 3,6 Mpc. Jest to nietypowa galaktyka o masie
~10" M. i prawie trzvkrotnie mniejsza od naszej.
Z jadra 'galal-:tyki wyplywa wodor z predkoscia az
1000 km-s”

Lynds i Sandage ocenili uwolniona energie w cza-
sic wybuchu [4]. Uwzgledniajac odleglos¢ galaktyki,
ocenili moc promieniowania w linii He na 2-}033 W.
Zakladajac gestos¢ protondw jako 10" na 1 m”, otrzy-
mali mase odplywajacego gazu ~6-10° M ;. Otrzymu-
}:.,mv stad energie Kinetyczng rowna w przyblizeniu
10%* J. Znaczna czgsc tej energii przechodzi w energie
promieniowania synchrotronowego, ktore obserwuje-
my w zakresie radiowym. Ostatecznie jako calkowitg
iy ¥ 52 i 334 FOGAS BV Ha) energie mozemy przyja¢ ~10"" J. Energia wybuchu
@ s gt M i o s s T w M 82 jest rownowazna energii 10 min wybuchow su-
pernowych.




galaxie M 82 — slozeni snimku HST, Chandra, Spitzer




Galaxie M 81 SA v optickém a radiovém spektralnim oboru




Prenos hmoty mezi galaxiemi M81, M82 a NGC 3077
HIA =21,1 cm




AKktivni jadra galaxii

Dynamické chovani jader galaxii je vyrazné odlisné od okoli, oblasti
rychle rotuji, jsou tvoreny ¢ernymi dérami, kolem kterych obihaji
hvézdy, mezihvézdna latka, relativisticke ¢astice, vSe v silném
magnetickém poli, intenzivni aktivita jader — vyt€kani mezihvézdne
latky z téchto oblasti, vyvrhovani - exploze — viz galaxie M 82 ,




Zvlastni typy galaxii

Seyfertovy galaxie — SyG : silna aktivita jader, ve spektru
proménné vyrazné emisni ¢ary, vyrony rychlosti az 5 000 km.s™! zafivy
vykon az 1032 W

Radiové galaxie: vyzafuji v radiovém oboru, dva radiové zdroje,
relativisticke elektrony v magnetickém poli, synchrotronni zareni, jeho
polarizace, L vét§inez 102 W

Circinus galaxie,
nejblizsi Seyfertova galaxie v
souhvézdi Kruzitka




Seyfertovy galaxie

The Discovery of Active Galactic Nuclei:

Carl Seytert (1943)
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Active Galactic Nuclei: Seyferts
Sevlert nuclel are found in spiral galaxies; up to ~10% of Sa and
Sh's are Seylers; but at a lower level of activity, there are more
Seyvferts have only moderate radio emission (~107 erg/s) but
strong X-ray emission (> 10% erg/s)

NGO 5548 NGC 32TT

. i




Seyfertovy galaxie

Seyfert galaxies

Lower-luminosity AGN, normally found in spiral galaxies.
Two subclasses: Type 1 Seyfert galaxies have two sets of
emission lines in their spectra:
* Narrow lines, with a width (measured in velocity units)
of several hundred km/s

 Broad lines, with widths up to 104 km/s
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F, (10" ergss™ em™A™)
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Seyfertovy galaxie
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Seyfertovy galaxie




Seyfertova galaxie NGC 7742

r =24 Mpc




Seyfertovy galaxie - spektrum
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Radiova galaxie Centaurus A - NGC 5128

r =3,8 Mpc
'V, = 547 km.s™!
* . ¢, sraZzka-galaxii

uprostied ferna dira 108 M
pozoravani klasickych cefeid — r
aktivni jadro galaxie 1034 W




Radiova galaxie Centaurus A

L=107W

Cen A v rtg. oboru, jet
plazmatu z €erné diry

o " & . <" —Dustlane
. - = - | | ‘
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Radio lobes

dva radiové zdroje - laloky symetricky polozené -
relativistické elektrony - mag. pole — synchrotronni zar.




Radiova elipticka galaxie Centaurus A

jadro ¢erna dira =103 Mg
radiové emise a jety na obé
strany, r = 3,8 Mpc




Radiova elipticka galaxie Centaurus A

Ground-based variability surveys towards Centaurus A:
worthwhile or not?*

J.T. A. de Jong'2, K. H. Kuijken®Z, and P. Héraudeau*?

Max-Planck-Institut fiir Astronomie, Konmigstuhl 17, 69117 Heidelberg, Germany
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ABSTRACT

Context. Difference imaging has proven to be a powerful technique for detecting and monitoring the varnability of unresolved stellar
sources in M 31, Using this technique in surveys of galaxies outside the Local Group could have many interesting applications.
Aims. The goal of this paper is to test difference imaging photometry on Centaurus A. the nearest giant elliptical galaxy. at a distance
of 4 Mpc.

Methods. We obtained deep photometric data with the Wide Field Imager at the ESO/MPG 2.2 m at La Silla spread over almost
two months. Applying the difference imaging photometry package DIFIMPHOT. we produced high-quality difference images and
detected variable sources. The sensitivity of the current observational setup was determined through artificial residual tests.

Results. In the resulting high-quality difference images, we detect 271 vanable stars. We find a difference flux detection limit corre-
sponding to mg = 24.5. Based on a simple model of the halo of Centaurus A, we estimate that a ground-based microlensing survey
would detect in the order of 4 microlensing events per year due to lenses in the halo.

Conclusions. Ditterence imaging photometry works very well at the distance of Centaurus A and promises to be a useful tool for
detecting and studying variable stars in galaxies outside the local group. For microlensing surveys, a higher sensitivity is needed than
achieved here, which would be possible with a large ground-based telescope or space observatory with wide-field imaging capabilities.

Key words. galaxies: individual: Centaurus A — galaxies: stellar content — stars: variables: general — gravitational lensing




Model aktivnich galaktickych jader

AGNM, an artist’s view

Helativistic jet / dllunmination cone

Central black hole

"-.__ :
Accretton dsk

Obscuring dusty torms




Galaxie M 87

M 87, NGC 4486 rad. zdroj Virgo, 3C 274
elipticka galaxie E1, = 1014 Mg, vzdalenost

18 Mpc, jet — vytrysk z jadra galaxie - 1,5 kpc,
proud nabitych castic, zejména elektronu,
urychlovanych silnym magnetickym polem,

| jednotlivé uzly, vyzarovani v radiovém 3cm — 30
dm~= 6.10% W, optickém oboru, linearni
polarizace, synchrotronni podstata,

jadro ¢erna dira = 10° Mg




galaxie M 87 - polarizace

EV 200° - EV 29p°




Jet galaxie M 87 — NGC 4486




Analyza rychlosti jetu M 87

Jak jety vznikaji,
Superluminal Motion in the M87 Jet Vyzaruj 19 uerUjl
svuj tvar ?

Jet — proud
nabitych cCastic —
elektronu,
urychlovanych mag.
polem, v =10° km.s!
délka vyronu —

1,5 kpe, 10 © Mg

1994

1985

1996

1997

1998

6.0c 55¢ 6.1c 6.0c

zhusténiny - uzliky




Cerna dirav M 87

Approaching

Hécedmg

prir=16pc=49.10" m,i=42°
v.sin i =460 km.s!, v, =690 km.s!
M=v2r/G=4.10¥kg = 2.10°Mj




Cerna dira v jadfe galaxie M 31

realny barevny snimek,
slozeny z HST snimku
F300w, FS55W, F&15W
ti1 jadra P1, P2, P3

P1, P2 Cervene hvézdy
P3 A — hvézdy
kinematicky model:
ob¢zna rychlost 1700 km.s™!
0,05 arcsec = 0,19 pc
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E oo
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Cerné diry v jadrech galaxii
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Vnéjsi galaxie - ruzné detekce Cernych dér

GALAXY SAMPLE

Galaxy Type M., (Low, High) a, Distance References
(1) (2 (3) &) (3) (6)
Stellar Dvnamical Estimates
Milky Way ...... Sbe: P 26 x 10°(24,.2.9) 73 0.008 1
M31 ... ... Sb: P 3.5 x 107 (1.0, 6.0) 160 0.8 2.3
M32 . E2; P 37 x 10°(24. 449 73 0.8 3.4
NGC 821 ... ... E4: P 5.0 x 107 (3.0, 7.00 209 24.1 3
NGC 1023 ... S0P 39 x 107 (2.8.49) 205 114 6
NGC 2778 ... E2: P 2.0 x 107 (0.7. 3.6) 175 229 3
NGC 3377 ....... E5: P 1.0 x 10° (0.6, 2.5) 145 11.2 5.7
NGC 3379 ... El: C 1.0 x 10° (0.5, 1.6) 206 10.4 8
NGC 3384 ... S0P 1.8 = 107 (0.9, 2.5) 143 11.6 3
NGC 3608 ....... E2: C 1.1 = 10° (0.8, 2.5) 182 23.0 3
NGC 4201 ....... E2: C 1.5 x 10° (0.8. 4.5) 242 26.2 3
NGC 4342 ... S0P 3.0 x 10° (20,47 225 153 9
NGC 4473 ... E5: C 1.0 x 10° (0.4. 1.8) 190 15.7 3
NGC 4564 ... E3; P 5.7 x 107 (4.0, 7.0) 162 15.0 3
NGC 4649 ... El: C 20 x 10° (1.0, 2.5) 375 16.8 3
NGC 4697 ... E4: P 1.2 x 10° (0.8, 1.3) 177 11.7 3
NGC 5845 .. E:P 32 x 10° (2.5.5.0) 234 259 3
NGC 7437 ... S0P 34 x 10°(1.7. 6.0) 67 13.2 3
Gasdynamical Estimates
M8T ... EOQ; C 25 x 10° (1.8.3.2) 375 16.1 10, 11
NGC 4261 ... E2: C 54 % 10° (43.6.3) 315 3l.6 12,13
NGC 4374 ... El: C 1.8 = 10° (09, 2.8) 296 184 14
NGC 6251 ....... E2: C 6.0 x 10° (2.0. 8.0) 290 106.0 15, 16
NGC 7032 ....... E4: P 33 x 10° (2.0, 5.6) 266 387 17
IC 1459 .. ... E3:. C 35 x 10°(1.4.48) 323 292 18
Maser Drynamical Estimates

NGC 1068 ... Shb: P 1.7 x 107 (1.0, 3.0 151 15.0 19, 20

NGC 4258 ....... Sbe: P 42 x 107 (4.0, 4.4) 120 1.2 21,22




Spiralni galaxie M 51




Spiralni galaxie M 74

- M74 (NGC 628),
an Sc galaxy

Color composite
image from the
Gemini North
observatory 8 m
telescope. Note the
relatively small bulge,
very strong spiral
structure, very blue
.color of the spiral
arms, and the dust
lanes on the trailing
edges of the arms.




galaxie NGC 4622 s opacnou rotaci

An exception:

spiral structure in
NGC 4622

Note that the
direction in which the
spiral arms wind is
different inside and
outside the complete
ring. One set of arms
must lead rotation,
and one must trail.
Composite color image by
Byrd et al., with the
WEFPC2 camera on HST
(NASA).




Simulace vzniku spiralni struktury galaxii




Simulace vzniku spiralni struktury galaxii




Simulace a realita vzhledu galaxii

MG -1T5, SEab-TYPE BARRED SPIRAL GALAXY

COMPUTER  SIMULATION

COMPUTER  SIMUILATION M I, Sc-TYPE REGULAR SPIRAL GALAXY




Simulace vzniku galaxie s prickou

The “bar instability”

In this simulation by Frank

Hohl (1971, Ap.]. 168, 343),
100000 stars start off as a
uniformly rotating,

axisymmetric disk, but soon
erupl spnntanenusly nto a
spiral pattern before settling
down into an ellipsoidal

distribution (i.e. a bar) that

appears to be stable. The time
unit is the rotation period of
the disk, 1.5x10° years.




Simulace interakce dvou galaxii




Galakticky kanibalismus

A0 million vears

1.2 billion vears 1.6 nllion yvears 2.0 billion years

Interakce muze
iniciovat vznik
spiralnich
hustotnich vin




Pozorovani a simulace NGC 2992/3

NGC 2992/3
Observations
and
simulations

Credit
Max-Planck
msttut
Garching




Splynuti dvou galaxii — hvézdy a plyn

Galaxy Merger: Stars

T=33.6

T-43. 50

ot

Merge 2 nearly equal mass disk galaxies; in a few dynamical
imes, the remnant looks just like an elliptical galaxy

Galaxy Merger: Gas

T=14.4 ; T=24.0 T=33.5 2'?;}”
* o, i3
: i

T-EE.EF._I"' T=62.4 T=72.0 | T=B81.6

N S %, i
Y & e @

i

Inthe same merger, gas quickly looses energy (since it is dissipative),
and sinks towards the center of the remnant, where it can fuel a
starburst, or an AGN if a massive black hole is present




Dvojice spiralnich galaxii NGC 3314 a, b




Galaxie Arp 188 - Pulec




Spiralni galaxie NGC 3314




Interagujici galaxie NGC 2207 a IC 2163




Interagujici antenni galaxie

-19°00° 56 52 48

-19°08° 04

12202™30° 15° 02™00° 45° 30° 15° 12P02@pe® 02000° 54° 48° 42°
RA (J2000) RA (J2000)

SN2007sr - Ia NGE
4038/39 =20 Mpc




Interagujici galaxie — hromadny vznik hvézd

O — B asociace hvézd




Vznik hvézd v galaxiich

Star Formation History in Galaxies

SEFR

A

Ellipticals and bulges

Late-type disks

Typical disk and irregulars

1 Gyr 10 Gyr

The net star formation rate in the universe, after the initial rapid rise,
has remained nearly constant for the first ~ 6 to 8 Gyr, and has
declined steeply (by an order of magnitude) since then




HST — pozorovani WFPC

Muzeme Hubbleovym
dalekohledem pozorovat aktivni
galaxit NGC 6240, jejiz uhlova
velikost ¢ini 2°? Pozorovani
WFPC vybavenou CCD
detektorem 1 600 x 1 600 pixeld
ohniskova vzdalenost
primarniho zrcadla je f= 31 m.

Vypoctem propocitame pole na
JGdCIl élp ®= % = 4’8.10—7 rad = 0’11.1

Celkove pole detektoru 1 600 .

0,1“=160*“=2 "40*, galaxii
Ize pozorovat. NGC 6240




Kvasary
. 1962 zakryt kvasaru 3C 273 s Mésicem

quasi stellar object - kvasar

Siroké emisni ¢ary - vznik v mra¢nech 1onizovaného plynu
hustotan~ (107 - 10 %) ¢cm™, teploty T~ 10 4 K,
rozmé&ry nékolik pc, chemicke slozeni H, He, C, N, Mg, Ca,
stadiichvyvoje

kvasary - jadra vznikajicich galaxii

AE = Am.c?

hmotnost kvasaru lze urcit z Sitky spektralnich Car

rychlost pohybu plazmy = 1 0} km s

2KT GM , : |
v= |— v, = [2— porovnanim stanovime M
m p R




Objev kvasaru 1963

zakryt kvasaru Mésicem 1962
The Discovery of Quasars (1963)

JCI73
-

i & Cyril Hazard W |
aot the precise
radio posilion

L]

& Allan Sandage

aotthe optical 1D \é! -

Maarten Schondi "
higured out the |
spectrum and the \§
redshift |




Kvasar 3C 273 v ruznych spektralnich oborech

3C 273

L~1049W
z ~0,16,
r ~ 640 Mpc

3C273in X ravs, ...in visible light, ...inradio light_.

by CXO. by HST. by MERLIN.




Hmotnost kvasaru 3C 273

Uhlova velikost 21,

pi1 vzdalenosti 750 Mpc je
linearni délka jetu
l=1.smn21* = 60 kpc

t= 1/c = 2.10 °roku,

pii L =10 **W za rok kvasar
vyzaii 10 47 J, celkové za 10 ©
rokt 10 >3], jestlize se vyzari
1 % zasob energie,

AE = Am. ¢?

hmotnost kvasaru = 10 ¥ Mg
z =0,16, 48 000km/s




AF, (arbitrary units)
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Spektra kvasaru

Mg 1 L2798
[Ne V] L M26

Hb 24101

‘ Hyz430

(O 11 23727

1€ JI1] 224959, 5007

[Ne [11] 23869 H[} 14861 21
| 1 ! | |
2000 40040
Rest wavelength {A)

6000

Sily

LW

GO

o1y

-

Q00 a0

wavelength

00

G0

0o




Spektra kvasaru

Optical spectra show strong, broad emission lines

4 F I LI P Z L T | | o
| Lya/NV
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~ - Balmer lines !
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4 .
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Quas Hist—frame Wavelength (&)

5000

Prominent lines
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Vlastnosti kvasaru

Properties of quasars

Characteristic of quasars include:

 Point-like sources (originally associated with radio sources,
though these radio loud quasars are actually small
fraction of the total)

» Broad spectral energy distribution, with large UV flux

- Time variable continuum

» Broad emission lines

- Typically high redshift (record now z=6.4)

High redshift is mainly because quasars are rare and luminous
Other properties more useful for understanding the physics.




Urcovani vzdalenosti galaxii

Postup prace

1dentifikace charakteristickych emisnich
respektive absorpCnich Car ve spektrech galaxii

promérovani rudého posuvu AA
vypocet AL =LA -A, z= AL/ M

stanoveni vzdalenosti , = , H=72 km/s/Mpc
H

_c(1+z)2 -1
(1+z)> +1

A =A(z+1) v




Spektrum galaxie NGC 3368

NGC 3368
| ! | ! | ! | ! | ! |
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Urcovani vzdalenosti galaxii

laboratorni vinové delky

Lo

Galaxie

CallK

Ao 393.37 nm

CaIIH

Ao

396.85 nm

r (Mpc)

(NGC) Amgr (NM) AN (nm) v (km/s) r (Mpc) | Amer (NM) AA (nm) v (km/s) r (Mpc)

3368 12 394 .52 1.15 880 12] 398.03 1.18 890 12 12
3623 11 394.27 0.90 690 9] 397.85 1.00 760 10 10
3941 12 394 .56 1.19 910 12] 39799 1.14 860 11 12
44772 18 394.90 1.53 1170 16] 397.83 0.98 740 10 16
3303 84 401.30 7.93 6050 81 405.45 8.60 6500 87 84
4889 86 401.88 8.51 6490 87] 405.67 8.82 6670 89 88

katalogova vzdalenost

vysledna urCena hodnota




Hubbleuv zakon - urc¢ovani vzdalenosti ve vesmiru




Irregular Blue Galaxies

PRC95-08b - ST Scl OPO - July 24, 1995
R. Windhorst (AZ State Univ.), NASA

Modre galaxie

HST - WFPC2




Mistni skupina galaxii

Lokale Gruppe ’ et Lokales Universum




Mistni skupina galaxii




Kupa galaxii v Panné
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Hubbleovo hluboké pole

-

Hu—bhl_e'Deep Field: Vs g

=g -

pres 800 expozicnich snimku,
b4 § r L\ O. . . /

v case vice nez 240 hodin



Hubbleovo hluboké pole




Hubbleovo hluboké pole

Eesa

www.spacetelescope.org




Hubbleovo extrémné vzdalené pole galaxii
\Y souhvezdl Pece r. 2003 2004

- HUBBLE
ULTRA

e ce1k0va expozice 106‘ S,

L ] - -‘. i
[ ] .. 5 ! h : : ‘ ’ ’
; HUDF | e I
* Eridanus . ( ) ) ‘ '
e ilSdne il
[ 2 ] r" ,' 2 . -
7 * 5 * o : i’
L] ".‘" » -
.,’:” >

ot F435‘W(B)' 56 ob&hti
- "UF 606 W.(V) 56 obéhir
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g D " ,
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Hubbleovo extrémné vzdalené pole galaxii
v souhvézdi Pece r. 2003 - 2004




Hubbleovo extrémné vzdalené pole galaxii
v souhvézdi Pece r. 2003 - 2004




Hubbleovo extrémné vzdalené pole galaxii

Redativer Sives of MST ACS Surveys

LA Ll ¥, TRy lu'l.l]umlul' 1 TS .

HUDF Fierp Cu
Characteristic

Field center
RBLA. oo iiiseesisnsssssssssssssssssssssnnssasns 3 32 39.0

el 27 47 29.1
2236
452
: 2007 = 200"
Area s SR R 11.0 arcmin®
Position angle..........ccccovvvviivennncncns ~42
3§ S o R 0.008
H 1 column density 7.9 % 10" em™
Radio sources........... G Two 300 mly (365 MHz) at ~10/
One 1 Jy (408 MHz) at 51’

Note.—Units of right ascension are hours, minutes, and seconds, and units of
declination are degrees, arcminutes, and arcseconds.




Vzdalena galaxie z ~ 6,5 v HUDF

e 4 R Visible
HST ACSIWFC

Infrared
HST NICMOS

Infrared
SSTIRAC

@
\/

2

- iy

Distant Galaxy in the Hubble Ultra Deep Field - HUDF-JD2
Hubble Space Telescope = ACS/ WFC

NASA, ESA, and B. Mobasher (STScl/ESA) STScl-PRC05-28




Hubbleovo extremné hluboké pole galaxii

examples of the 16
redshift z~7 sources and
5 z~8 galaxies we found
in the HUDF with the
WFC3/IR and the ACS.

these galaxies are seen
just 600-800 million
years from the big bang

very competitive arena:
three other teams have
reported similar results
at z~7-8




