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ition & Evolution

- form their stars ? SFH (continuously — in starbursts)
- produce their heavy elements ? CEH (how much into ICM)
# - assemble their masses ? MAH (stellar — gaseous)
. How did all this depend on
\' - galaxy mass / type ?
! (down-sizing, staged galaxy formation)
- environment (field, group, cluster) ?

tt

- — role of mergers & galaxy transformation ?
B How is the formation & evolution of galaxies related
to the formation & evolution of Large Scale Structure?
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z al Mass Fu tio

-» Stellar evolutionary tracks (m, Z)

=» Star Formation Histories of various
galaxy types

Elliptical
13,5.12Gyr

12,5,1Gyr

| by using input physics of appropriate metallicity
Ui mes ehr o wme o wmewes 0 e e gRe e we for each stellar generation
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emically Consi

* spectral evolution of the stellar component (incl.
gaseous emission : Hll regions)

: = account for increasing initial abundances
of successive stellar generations

subsolar abundances

\ late — type & dwarf galaxies
tt

j * Normal local galaxies feature broad

\" stellar metallicity distributions r T
el " '
solar neighbourhood, MW & M31 bulges, ellipticals O | /#\‘) | (Sarajedini & Jablonka 05)
§ 20 r’/ k \
* Distant galaxies are less evolved / enriched P * { * } { .
E \
. 3 2wl // |
. in particular the faint ones in Deep Fields * M E : NGC 5128 halo
Gt \+ ] (Harris & Harris 2000)
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Solar neigh-
bourhood

G-, K-, M- stars

(Rocha-Pinto &
Maciel 1998)

. A[FeH]~2dex ™




populations dominate at different wavelenth
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subpopulations
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Bicker, FvA, Moller 2004
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Z=0.0004 z, Z=0.05
1ZwW 18, SBS 0335
H, 2 1 0.85
o[in 3 1 0.87
Uv(1500) 1.3 1 0.89
UV(2800) 1.4 1 0.89

when using standard calibrations valid for Z~Z
(Kennicutt 98, Gallagher et al. 89)

(Bicker & Fritze 2005)
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galaxies in the early Universe
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smologicalimodel (
(@, 2,)=(0.3, 0.7)
Universe expanding
Hubble's law : distant galaxies recede : v=H_-r
recession velocity v — redshift z (relativistic Doppler
effect)
redshift z = measure of distance r

c finite — distant galaxies seen in earlier evolutionary
stages

Lookback time t, to redshift z,

to—1) = Ha'r 421 +2)°(1 +Quz) — 22+ )]~ P .
0

z=0 1 2 4 6
age=14 5 3 1 0.5 Gyr
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% ’ ’ e ” ’ ‘ @ Bolometric distance modulus
B  Redshift of galaxy formation : 2, = 6 - 10, tya=ty-t(2) . BDM(2) = 5log D,(2) +25=m-M
M, =m, - BDM
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¥ = analogue to Euklidian distance in curved spacetime

H,D - o, |1/25m“{|ﬂk|”1j [(1+2)2(1+Quz)— z(2+z)ﬂ,\]"’zdz}

sinn = sinh for Q, > 0 or sin for Q, <0

0 B
Ragsninz

: :
nevsonz
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Angulal

tan () = z,

then slightly increases again
D,_ (1 +2)2d,

dy =~ r(x) c(;/ 1 B 3 4
9 da=177 dait 5
sin (V=T Ho) / (Hoy/I%])  ©i < 0 curvature
rix) = {x Q=0

density
sinh (\/KT,CHD)J ( 0/ | ;C) Q>0

_ ¢ (zq0 + (Qo — D) {(2q0z + T 1))
N IIUQS (1+2)?
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Surface brightness dec

? u(z) ~ FlaZ2 ~ [LI(4xD,2)] / [DID,2] ~ (1+2) -4

F flux, o angular diameter, D linear diameter,
D, luminosity distance, D, angular diameter distance

faint structures & faint objects vanish rapidly with
increasing redshift
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nlin younger

Elliptische Galaxjie
135 126Gy

mwd \l

Sd - Galaxie
o0 12,5.1Gyr
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evolutionary corrections

w strong for galaxies with strongly variable SFR(t)
w only obtainable from evolutionary synthesis modeling
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SS enriche:

s
Metaticity Z

(Bicker et al. 2004)
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d : chemically'consistent models

4 hobs = Ag (1+2) = FC /(1+2)
f ;,. Opt. observations of galaxy at z> 1 show restframe UV
q NIR observations =" - opt.

\" — cosmological correction :
"a

k, = M,(z, t)) — M, (0, t,) (gal. type)
* reddened & attenuated by intergalactic HI (Madau 1995)

- "Attenuation" for wavelengths Aestframe < 1216 A
. § seen in the optical for galaxies at z > 2.5
seen in the UV for galaxies at z > 1

@ — GALEX data
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absorptlon lines shortward of Lya @1215Ain the
¥ spectra of distant galaxies

W 3 |

M m WWWM%\MM wﬂ»ﬂ\‘} \

100 1600 184 5000 5200 5100 3600

High resolution (FWHM~6.6 km/s) spectrum of the 2=3.2 QSO
-8 1422+23 with Keck HIRES @ S/N~150 /resolution element (Fig. from
’ Rauch 1998, ARAA)
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for source @ 2=3.

mean transmission for
sources @ z=2.5, 3.5, 4.5 with
filters U, G, R (Steidel)

mean attenuation [mag]
in different filters as a
function of redshift.
lower curves Lyo. only,
upper curves: all Ly lines.

redshift
Ot 15 S s Sk W o Tl ) 3T o e, i b g e e v
comip

(Madau 1995)
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Evolutionary and
cosmological
corrections : Sb model
Z, only vs. chem. cons.
model

Redshfi 2

(Bicker et al. 2004)
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B
Gz

Sb model

m, (z)=M, (z=0,t,)+BDM(2) E
+e,(2)*k,(z2)

(e+k) > 0 =» galaxies fainter,
(e+k) < 0 = galaxies brighter
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Subaru Deeg Field z dropout with z,=6.96 (Iye;:: 1N866t)

5 g oo 750 Myr after Big Bang, Lya line,
ZSSU RU FOCAS specirum SFR~10 Msunlyr
| e
Age of the Universe (Gyr)
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Anglo-Australian Telescope

V. Fritze, HD Grad. D:

2

ws 2008

Panoramic view of the entire near-infrared sky : distribution of galaxies

beyond the Milky Way (from the 2MASS Extended Source Catalog XSC,

>1.5 million galaxies). Projected with an equal area Aitoff in the

Galactic system (Milky Way at center).

Galaxies color coded by redshifts from UGC, CfA, Tully NBGC, LCRS,
@ 2dF, 6dFGS, and SDSS surveys.
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L Survey : R-band 26,41

d Large Scale Structure: voids, groups, clusters,

filaments
be <z>=0.1
Canada France Redshift Survey CFRS : I-band 591 gals
17.5<1,,<22.5, 0<z<1.3, <z>=0.56

Sloan Digital Sky Survey SDSS : 3™ data release:
spectra of 528,640 objects over 4188 deg?,
2.5m Apache Point Telescope
QSOs and galaxies to z~6, but <z>=0.03
ongoing till 2008 (now @ data release #6)

huge amounts of observing time :
@ many galaxies @ Iow z, few @ high z

ritze HD Grad. Days 2008




§ huge amounts of observing time :
many galaxies @ low z, few @ high z

B® Look for other strategies to find high — z galaxies :
-- Lyman - o searches

» -- QSO fields

& . - optical identifications of QSO absorbers

8 -- drop out technique

-- exploit gravitational lensing/magnification
-- color selection criteria for SFing and passive galaxies
9 - photometric redshifts
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Mass concentrations change 4-dim. space-time
G,~«xT,,

| from distant background galaxies,
f can produce multiple images, arcs, ...

but do not change the spectrum !

Gravitational telescope!

Gravitational Lans G2237+0305
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cB56/% =22
. maghnification factor ~30
(Teplitz+02) : NIRSPEC@Keckll : NIR spectrum:
¥ restframe optical spectrum

El

: ; ":
can produce multiple i "

but do not change the sji .
Gravitational telescope] x
PORPRIR. v oy rolicarrhasedl o
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cB58: agray ) Z=20 2

magnification factor ~30

(Teplitz+02) : NIRSPEC@Keckll : NIR spectrum:
restframe optical spectrum
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DE NIRRT HPWTN,

itationallylensed galaxyi@ z=2.72

magnification factor ~30

(Teplitz+02) : NIRSPEC@Keckll : NIR spectrum:
restframe optical spectrum
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6 . a gravi

NIR spectrum: restframe opti

EMIsSION LINES
Ha =» SFR=620 + 18 M@Iyr ‘
width of Balmer lines, UV continuum =» My,,=1.2 x 1 01° Mg Ao W ‘
5 Y i 2
’ - 12+log(O/H)=9.2 = Z~1/3Z, ; 8 Line (pm) Zem (A) F
b#| Pettini+02 : optical spectrum : 48 rest-UV ISM abs. lines Rl (O 1] AN3726, 3728 ... 13898 272897 37 + 3 1274 = 1.22
’ (1 134 - 2576 X)’ due to elements from H to Zn. ¥ Hy N340 ........... . 1.61828 272875 9+ 1 1.61 £ 0.17
: HB M861 ... . L8I1217 272774 26 £ 4 407 £ 057
3 Abundance pattern: O, Mg, Si, P, and S are all ~2/5 solar, & [0 m1] M959" ., . 184913 272890 26 + 8 401 + 130
' @ (O 11| AS007 ... . 186678 272845 97 £ 5 1473 £ 0.78
N and the Fe-peak elements Mn, Fe, and Ni are He 1 A5876..... . 219100 272873 3+1 035 =009
underabundant by a factor of ~3 [O 1] A6300 ... 234949 272935 25 £ 4 3.06 £ 046
[N 1] A6548 L 244204 2772944 72 086 =021
i -» metal enrichment in cB58 has taken place within the B Ho \6563 ..o 244750 272935 106 + 3 1256 + 037
oy ° last ~300 Myr, ok with stellar population age! B (N 1] A6S83 245566 2.73031 10 £ 2 L14 £ 026
* Observed line flux in units of 107" ergs s ' em’,
" The blue wing of the 4959 A line is in a deep atmospheric absorption
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NIR spectrum: restframe op

NSea galaxyN@ Z=2ov 2

Bulk outflow of the ISM at a speed of
~255 kml/s and at a rate that exceeds
the star formation rate.

by the galaxy

Baker+04 : Iram: CO(3-2): Mgo~7 x 10° Mg,

=> consumption timescale 107 yr, unless
replenished from HI
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ction Techniques

/” /(71\

3000 6000 0000

(Adelberger+04)

SFing galaxy spectrum
@2z=0,1,2,3

¥ Spectroscoﬁib redshifts only for SFing emission
line galaxies ! Lyman Break technique also for
@ passive galaxies !
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PRI B NS L L |
5000 6000 7000 8000 9000
Observed Wavelength (A) (z=1.0)

4000 A break

L i L 1 = L L
4000 5000 6000 7000 8000 9000
Observed Wavelength (&) (z=1.0)
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ction Criteria

Expected locations

of stars and
star-forming
galaxies at z>1.

(Adelberger+04)
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small circles: dust-free
big circles: E(B-V)=0.15

stars: Gunn & Stryker 83

@2=1.0,1.1,1.2,
1.3,1.4,1.5
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)
4000 6000  BOOO
Wavelength (A)

c

] Galaxy with const. SFR
- @ various redshifts from

4000

®| Wavelength (&)

6000 800D 0

alisco 04, ARAA)

2=0.5 in steps of Az=0.1
with diff. amounts of dust
A E(B-V)=0, H E(B-V)=0.15,
* E(B-V)=0.3, % E(B-V)=0.45
(using Calzetti+97’s
starburst extinction law)
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U, GR colors of galaxies
symbol sizes scale w.

7 triangles: U, dropouts
cyan:
magenta: z=1.70+/-0.34

greenlyellow: LBGs @ z~3

(Steidel+04)

brightness

Z2=2.20+/-0.32
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- (z)=1.70£0.34
I (z)=2.20£0.32

Redshift

green: LBGs @ z~3, scaled by 0.7
blue: gals @ z = 2.20+/-0.32 (749)
red: gals @ z = 1.70+/-0.34 (114),

galaxies

scaled by 3

(Steidel+04)
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Hell
Sill Cv Felt | Aut

Lya
sin| sinoorcn v

HDF-BX1650 2=2.093 R=23.2

1100 1200 1300 1400 1500 1600 1700
Wavelength (&)

Example spectra
(restframe)

LBGs@2<2<2.6

interstellar
absorption lines

(Steidel+04)
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6000
Wavelength (A)

T T
€11 0000-263 z=3.135

1 | NGC 4214 P
J-Mr‘ mn""f’ﬁr‘f‘”‘ﬁh‘”\. W '5'»!

“‘“ﬂ"*’\«’"'-\"‘* 4

a local starburst galaxy

LBG spectra: Keck-LRIS

NGC 4214 spectrum: HST-
GHRS

both spectra in observer’s
frame @ z(LBG).
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avalisco 04, ARAA)

Rs of LBG

few

Molyr (like Milky Way)
through >> 100 Mg/yr
(enough to form 1011 Mg
of stars in 1 Gyr).

Extinctions are small/
moderate:

L e IS e

0.15 <E(B-V) <0.2

Log SFR (Mg yr1)
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ML B e

Number

o

L e e

sco 04, ARAA)

masses of LBGs
10°-101° M,

MR

Mg, marks the mass
range obtained from
emission lines

PRI AT I
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regular
... highly fragmented,
diffuse, irregular.

HST images of LBGs '(JDickinson 1998)
. Fritze, HD Grad. Days 2008

Wi e best-fit Bruzual
Charlot (2003) models for
exponential & continuous SFRs

(Younger+07)

1.0

Rest—Frame A (um) V. Fritze, HD Grad. Days 2008

- open diamonds with error bars:
- LBGs @ z = 3 &4 (Steidel+99)
without dust correction,

| filled triangles & circles:

SCUBA galaxies,
1  open diamonds without errors:
two different estimates of the
dust obscuration correction

F oo E for the LBGs.

i I lan
1 2 3 4 5 [3
Redshift

How to detect dust-obscured galaxies ?

=>» NIR (NIR = better tracer of mass!)
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Transmission (Arbitrary units

BzK filters + gal.
@2z=1.73

(Daddi+04)

, | A
10000 15000 20000
Wavelength (A)

25000
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Star—forming galaxies
14

at z>

0ld galaxies

K20 G

Colour selection for SFing & passive ga

1 ‘
\;
% >\ L
. 8 0

(£ 7514 Starforming |
. 1d

© Zygg> 14
Xray source
. z<ie

Star

o
IS
o

(Daddi+04)
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ESO VLT: 500 gals to Ks<20 mag,

~ complete spectroscopic coverage
+ deep UBVRIJKs imaging

ideal to study massive (passive) galaxies to z~2.

(Cimatti+02)
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best ages

(Fontana+02)

maximal ages

&
= o0 L

Redshift
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L

b

8§

§ maximal ages ;| 1
best ages £y
local (Gole+01)  &2| 1{-2

(Fontana+02)

!
@
T

. . .
100 101 1o
Myiars/ D38

Only mild evolution (<30%) toz~1.
2~2 : ~35% of present mass in 101! M, gals is assembled.

101 1010
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breakdown
into spectral
types

E/SO
spirals

(Fontana+02)

Atz <0.7, all gals > 10" M, are E/S0,
at z>> 0.7 many massive gals are SFing.

T
3
E)
& e orsm<is
P -l QQ’V\‘O\ 4-3
o m‘ P
] o
% b -
=
R ‘ . -
B t t t t
b 13s2<2 g
[}
sf -
. . . .
100 100 101 10t
Myprs/h32 (Mg)
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comparison T
with A-CDM ‘ ‘ ‘
models ‘ T
i T 'JILE"“!H*W;E\ - —
baryonic MF : Ty
total MF (baryons + DM) ‘ poME
a T
(Fontana+02) : Foer 3
M/ 3 (Mg)
A-CDM models underpredict galaxies above 101! Mg,
in particular at hquh redshifts.
. Fritze, HD Grad. Days 2008




Colour Selection for Galaxies : NIR

4+ Star—forming galaxies Old galaxies |
at z>1.4 at z>1.4
Gemini Deep Deep
Survey gals
|large squares: 1.4 <z < 2.2
small squares: z<1.4

(Daddi+04)
GDDS survey
Fields SA1R — SA15
- - - - — Drop Out technique — Colour Selection criteria
(B-2) q .
» — Photometric redshifts
U. Fritze, HD Grad. Days 2008 U. Fritze, HD Grad. Days 2008

Faintest galaxies :29 mag (UBVRIJHK)
| Spectroscop. limit: 25 mag (= factor 40 brighter)

Deepest ever & largest optical field (+NIR+mid-IR+...)
ACS NICMOS Spitzer

SW of Orion, 1/10 & full moon, 10.000 galaxies

V. Fritze, HD Grad. Days 2008

Deepest ever & largest optical field (+NIR+mid-IR+...)
: ACS NICMOS Spitzer

SW of Orion, 1/10 & full moon, 10.000 galaxies
exposure times 11.3 d ACS, 4.5d NICMOS

Spectroscop. limit : 25 mag ( = factor 40 brighter)

encircled : HUDF-JD2 among the most distant ever seen:
unusually massive and mature for its redshift 2=6.5

M. ~ 8 M.(MW)

V. Fritze, HD Grad. Days 2008

Visible
« HSEACSIWFC

D3

Near Infrared
, +HSTNICMOS

Infrared
SSTIRAC

STScl-PRC05-28
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« & . - 5 %
@ NASA, ESA, and B. Mobasher (STScI/ESA)
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” , POS
rest frame UV K I  opt. - Spitzer- FIR
SED analysis tool

xz, neural network, ...
g galaxy type + photometric redshift

\’- (+ SFR + age T Chemically consistent GALEV models vs HDF galaxies:
b + gaslst::-la'r;'masses — trace back spectral evolutionary paths to 2> 4.5
+ metallicities + ... ;
) i.e.over > 95%t, 0
+10 ) — fair description of average properties of normal galaxies
; X i — identify high-z progenitors of local galaxy types
photometric z vs. spectroscopic z :- — study mass assembly & chem. enrichment histories
S precision:Az/z <5% !
over full range inz! (Méller, Fritze, Fricke 98, Fritze, Moller, Fricke 99a,b, Bicker, Fritze, Méller 04)
@ (Kotulta & Fritze, in prep.) U. Fritze, HD Grad. Days 2008 U. Fritze, HD Grad. Days 2008

e E s se

:t very.red galaxies

noE'satz>1

bursts on t

- startmg at various ages
- with various bursts strengths
(- and various burst durations)

follow evolution of spectral and
chemical properties through
starburst & post-starburst
phases to final stage (E, SO, ... ?)

‘Age IGyr]

Age [Gyr]
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m606 [mag]

no Esatz>4-—""

E
S

many starburst galaxies
atz>1

bursts very strong :
AS/S > 0.3

postburst phases much
longer than bursts !!! o mees

galaxies very red after R

Fritze & Bicker 06a)
early bursts : (dust-free) EROs (Fritze & cker oo d)Days 2008

ma50-m606 [mag]

< observed SED

(Papovich+01, Shapley+05, Erb+06, Reddy+06
\ using Z, Bruzual & Charlot models)

\’,_ analysis with Z , models often yields

= wrong (type, redshift) combinations
w ages underestimated by x ~2

w M,,,: Overestimated by x >5

= SFR overestimated by x >2

oy ° -8
* cesae Fs 10F, | rfomusrerhesipetesn sy el o
0 N\J"N - -
(Fritze & Kotulla, in prep.) W0 £ S S0 @0 G M0 0 3 0 S0
@ U. Fritze, HD Grad. Days 2008 @ U. Fritze, HD Grad. Days 2008

53000 SFmg gals from SDSS
(Tremonti+04) “

\ SOE 2= 004

Lwr*rwv#l«wﬁwj, (.

2= 010

Wﬂr“"‘" W‘MJ'L”

2= 019




Conclusions ?7?

1
u
1 hampered by o2 ]
g local controversy ! \’ oob ]
S 88 4 _
3 ¢ 5 88+ 1
< g6k R _f“
< 86 1
84+ —
) "“.:fifgo?;f“.‘ih’w’” - & 82k ]
-20 -2 24 ot 800t L .
Mn 8 9 10
log(M.,)
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MR LRARE} T T
xK92 Local Galaxies

: Redshift evolution of

z~0 26 to z~0 82 for gals from DEEP Groth Strlp 8urvey

T

K92 Local Galexies

il L —Zrelation @ higher z 22 [ s oo cooris | - 1 L — Z relation @ higher z TRRL K e S ]
L increasingly offset from e increasingly offset from ]
a0k ]
¥ local one : local one
-18 - B ]
. 4 gals get more metal-poor B !
at given luminosity ' ]
a2 ]
effect stronger for s 20 1 ]
% fainter galaxies than 1 o ]
-8 for brighter ones. '8 ] - & i ] )
o 1 1 1 1 1 Il 1 ot 84 86 88 9 84 86 B8 9
84 86 88 9 84 86 88 9 12+log(0/H) 12+1og(0/H)
12+10g(0/H) 12+10g(0/H)
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Weiner#
TFRs for ~

—> bright gals fade more between z~1.2 and z~0 than
fainter ones in B. Little evolution in J.

Weiner+06 :
TFRs fe

for ~10/

fainter ones in B. Little evolution in J.

—> bright gals fade more between z~1.2 and z~0 than

! intercept
1 i
] & —
1 g1 —
1 # s ——
24 : -18 -20 -22 -24
M 0s0< < 08 . . '
. s 0 - : —
i ; TR0 +
& o . 8 - g s
H . Sl ]
] I : ) 3 —+
Sl mm e ! P T o D i i ot L L .
e A& 8 €2 )4 080 <2< 110 M, 110<z< 161 oe s ! °
V. Fritze, HD Grad. Days 2008 @ V. Fritze, HD Grad. Days 2008




Hot plasma, fully ionized
after ~300.000 yrs @ T~3000°:
H- (and He-) nuclei bind electrons
=> Universe gets transparent (decoupling)

Since then, radiation spreads freely & cools down
to ~ 3°K by today, photons travel straight

Cosmic Background Radiation
&

Observational horizon
V. Fritze, HD Grad. Days 2008

U. Fritze, HD Grad. Days 2008

primordial fluctuations :
amplitude AT/T~2 10-5
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COBE Satellit WMAP Satellit

From these tiny inhomogeneities the galaxies, the
galaxy clusters and the Large Scale Structure must
have formed — how ?
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Density of the Universe

Boomerang balloon experiments
measured fluctuations on much
smaller angular scales than COBE:
analysis of these spectra, com-
bined with theoretical models,
yield parameters:

Q,, +0Q,=1.02+0.06,
Q, h2 =0.020 = 0.004 ,

independent confirmation of
conclusions from Big Bang
nucleosynthesis!
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Dark Energy : Acc

Expansion of the Univ
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Measuring the flux of SN la as a function of redshift
-> distances out to large redshifts

->two teams : SN la fluxes require a non-zero Q,
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WMAP - ( ;e Cosmology

WMAP high ac

Age of the universe : 13.7 £ 0.2
Hubble constant :
70 (km/s)/Mpc +2.4/-3.2

Composition of the universe :
4% ordinary baryonic matter
22% dark matter
74% dark energy

1066R8 Galaxies

Total density (matter + energy)
consistent with flat geometry.

U. Fritze, HD Grad. Days 2008 U. Fritze, HD Grad. Days 2008

Galaxy correlation function from

Las Campanas Redshift Survey. Power spectrum P(k) is the Fourier transform to the
Filled triangles = combination of galaxy correlation function §(r) :
northern & southern data.

Power law Y = 1.52 for comparison x . P(k) = 2m o] * dr r 2 (sin kr) / kr &(r)

(solid line)
(cf. Tucker et al. 1997, MNRAS 285, L5)
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Gravitational Instability i Gravitational Instability
Y instability: i B . the cosmological parameters, Q,,, Q,, Ho, and Q;
starting from very tiny initial fluctuations (e.g., inflated * the density fluctuation spectrum at early times,
B quantum fluctuations), slightly overdense regions X e.g, at the time of recombination,
B - have higher gravity field, = 8 which depends on the nature of dark matter:
i Y - expand slower than rest of Universe, ; L/ Cold Dark Matter (CDM) : non-relativistic particles at t,
xx « increase their density relative to rest of Universe further, \i‘ Hot Dark Matter (HDM) : relativistic particles at t,,
&« slows relative expansion down more, : (e.g. light neutrinos)
* etc. i HDM : large structures form first,
This gravitational instability is predictive: smaller ones by fragmentation; no agreement
density evolution in the Universe can be calculated with today’s structures.
. ith an i i Bl CDM : small st
with an impressive accuracy. . : small structure forms first, larger ones later
by merging; better agreement with observations.
@ U. Fritze, HD Grad. Days 2008 @ U. Fritze, HD Grad. Days 2008




Reionization by the first stars or AGNs around z~6.

A small fraction of the hydrogen in the Universe burning to
i helium is enough to generate energy for reionization
(4 H — “He + 7 MeV per nucleon;
£ jonization energy per H is 13.6 eV)

Reionization of the IGM is directly visible in QSO spectra :
Gunn Peterson trough due to Hl seen in spectrum of QSO@
2=6.28 (Becker 01), not seen in spectra of QSOs @ z<6.

; ; B Most of the baryons at redshifts z > 2 are in highly
ionized intergalactic medium with T~ 2x 104 K.
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Aalative Inensiil

VLT spectrum of the
highest-redshift
QSO atz=6.28
(Becker 2001)
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ummary & Outlook

- will continue: ALMA, Herschel, adaptive optics, IFS, ....
+ numerical techniques & computing power
- - spectral, chemical & dynamical aspects interrelated
L, - observations + numerical modeling
\" - galaxies not isolated: role of mergers !
p galaxy evolution related to Large Scale Structure
formation/evolution
- galaxy evolution related to stellar evolution &

nucleosynthesis

This course could only give a 1st glimpse,
much more not dealt with than dealt with...

@ Thank you for your interest !
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