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— Probmg mﬂatlon :
2 Investlgatmg Dark Energy

. Astrophysmal Cosmology

~The observable Umverse takmg shape |
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Probing inﬂetion

Inflation lies at the base of co'smology" | L
Absolutely needed for a complete cosmological i
picture, the ¢ or1gm of our standard Frledmarm :

~'cosmology’ + seeds of structure formation.

Ve Power spectrum of prlmordlal fluctuations ™ = -
(= WMAP ‘Planck + ground based observa_
tions) - | -

@ Power spectrum of grav1tat10nal Waves

— Direct detectlon through GW antennae '
(¢ SuperLISA ).k il

— B-modes in CMB polarlzatlon (—> J-L. Puget)



Nature-_of'-Dark Energy

Existencé of Dark Energy came as. BIG surﬁrise'
. DE is THE challenge for fundamental physms g 0
.and- astrophysms : -

. .'Emplrlcal link to’ quantum gravity T
- .Can only be probed on cosmic scales‘ i
; DE dominates cosmic expansmn after z~ 0. 7

"= needs to combine precision observations at ‘high
. (CMB) and low redshift, to study evolutlon L

"Equation of state of DE! ;
Is DE the cosmologlcal constant‘?? &



Probing Dark Energy
e DE affects geometry and cosmic expans1on
= luminosity—redshift relatlon
= needs standard candles — SN1Ia

. o DE affects structure growth
= measure power spectrum P (k, z)

— needs unblased method for measurlng the' 5,

(Dark) matter distribution — the LSS

= ‘weak grav1tatlonal 1ens1ng COSHHC shear

Cosmic shear ‘and SN‘_Ia "1’1’gh.tcueres; i
similar observational requirements.



. Probing D'ark Energy
E.g., cosmic shear measurements requlre |

° Wlde field optlcal 1mag1ng

- e multi-band optical and near—IR photometry for_ |
photometrlc redshlfts o )

" e very well-controlledrPSF t

e g..to constram EOS parameter w . to W1thm ~ 3%
requlres ~ 3()()0 sq. deg F5 S oyt e i

‘Also ylelds exqulslte meaﬁurement of P(k z)!
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| COBE — WMAP — Planck —
° All-sky CMB polarization"mapf)en

Space needed dile to eensitivity"' S _{

Ground-based WFI + HST small- field obs. —
° Optlcal / Near-IR W1de-F1e1d 1mager

—as ESA project, and/or
— ESA part1c1pat10n in J DEM

| .' | Space needed for PSF control and near IR' '

Perspectlve GW antennhe (after LISA’S proof of -
concept) '



s Astrothsic'al Cosmology

Goal: Understandmg the evolutlon of structure
‘and objects in the Unlverse £ gt ¢ e _«' |

s Lookmg into the epast | ! . -
5 RO Lookmg in the dlstance S AR

: Requires_ a m-ult‘_i-wav'elengt;h_'approach! _
Obseryators_f;type missions.
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© When d_o't-h':e' stars form?

e Formation of very first stars:
The end of the Dark Ages. .
molecular hydrogen-coolmg, 17 & 28 m1crons
rotational levels_ redsh1fted into FIR '

- o)

£ Very first masswe Star eXPIOSIOHSv ' '. |
as GRBs? - X-rays

e star-formatmn h1st0ry

— rest-frame optical (J WST)

— dust obscured Star for_matmn FIR

=5|3-'

e star formatmn on large scales galaxy evolut1on"



~ Where are the baryons today? |
. From e.g. nuclear physics 1 min.. after Blg Bang, 2

~we know the cosmic baryon density.: :
Only 10% of them are seen today (in’ stars, ISM) i

Where is the rest‘7 =

~Not even that Component of the Universe Whlch_ D

“.'we understand phys1cally is Well studled'

_At hlgh redshift, we ‘see them all’ in 1ntergalact1c-:'-._.'-.'
.absorption. - -

Most likely place to hide: Warm-hot IGM requ1res- o
= UV spectroscopy and X-ray spectroscopy
(¢ heavy-element forest ) b 5T -



(Galaxies and: clusters R

e joint g-alaxy;:r SMBH evolut.io-fl:'.,_-...
QuasaI‘S are. SMBHs in forrnatior'l

— AGN demographlcs, often hldden from
optical view (Type ITI) X-ray and FIR .

& e Census -of hlgh—reds’hlft clusters

— Provides handle of structure evolutlon and
thus DE ' :

— maps out the LSS at hlgh-

'.?requlres X- ray telescope W1th hlgh spectral reso- 5
lution and large. throughput o AN '
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Three highest priority observatory: m1ss10ns
. (ordered by wavelength!)
Space needed due to atmospheric transparency'

"1ISO — Herschebs JWST —. W

e large aperture FIR observatory

(— M. Griffin).

[TUE = HST —
o UV observatory with hlgh-res spectroscopy

. Warm-hot IGM spectroscopy

— UV llghtcurves of:8IN Ia as- low—i templates F
for hlgh-z sources i




' ROSAT — XMM-Newton + Chandra —
° large-aperture X-ray observatory |

— SMBH, growth and evolutlon
— galaxy cluste,rs at all redshlfts

— hot IGM spectroscopy (—> G Hasmger)

- All these observ’_atorle's serv.e_ other_ communltles _a's'.-'. .
© well! ' i
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- Future inétrﬁmental OppOI‘tl.l-lIl'itieSﬁ Will "
-_'allow us to appoach three of the most
_fundamental physmal questlons

i e Inﬂatlon _ ..
or What is the erlgm of our Umverse‘?

e Dark Energy, g ok .
~ or what is the origin (and future) of
accelerated cosmic expan31on‘7 e i

i Structure evelutlon

or what is the orlgﬁl of ¢ our present day
world? | | '



Fﬁﬁdamental COSmOiogy Bt T

° All-sky CMB polarlzatlon mapper ;
o Optlcal / Near—IR Wlde-Fleld 1mager _'

' AstrophyS1cal Cosmology

° large aperture FIR observatory

o UV observatory W1th hlgh-resolutlon o
spectroscopy i -

Takg '

o large- aperture X—ray observatory




