Subaru Future Instrumentation Workshop (IPMU, 2010/9/9-2010/9/10)
Resolving the build—up of galaxies W|thAO o
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Tadayuki Kodama (Subaru Telescope)



The 15t Subaru Conference (Dec. 2007, Hayama)
Panoramic Views of Galaxy Formation and Evolution
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The X-th Subaru Conference:

“Narrow” Views of Galaxy Formation and Evolution
with results from Adaptive Optics ??

Accommodation...



The X-th Subaru Conference:
“Clear” Views of Galaxy Formation and Evolution
with results from Adaptive Optics !?

The Mt. Fuji (3776m) on the Fuji river viewed from Shinkan-sen



Resolving power of AO on Subaru

Diffraction Limit: 0.06°@2um < ~0.4-0.5kpc @z>1
Ground Layer AO: 0.3"@opt-nir < ~2.0-2.5kpc @z>1

Subaru+AO can resolve stars and gas within galaxies.
In the case of DL, resolving power is comparable to ALMA.

*lmaging

galaxy morphologies (Hubble types, mergers, size)
*Spectroscopy:

Internal kinematics (rotation/random, inflow/outflow)

Caution: Field of view is (has been) the limiting factor!



Adaptive Optics

Correction
Performance
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Wide-Field AOs

Which combination of FoV and fwhm is the best?
PFAQO: Prime-Focus AO

— FoV: 30°, fwhm: ~0.4" (2.5~3kpc)

— Tip-tilt using bright stars, movable CCDs or charge transfer
GLAO: Ground-Layer AO

— FoV: 10°, fwhm: ~0.3" (2~2.5kpc)

— Ground layer correction only, Deformable secondary mirror
MOAO: Multi-Object AO

— FoR: 3’, FoV : 0.2-0.37, fwhm: <0.1” (diffraction-limited)

— Multiple deformable mirrors, Target observations only
MCAQO: Multi-Conjugate AO

— FoV: 2°, fwhm: <0.1" (diffraction-limited)

— Multiple layers corrections, Survey observations possible
© Shin Oya (original)



“Resolved”, “sharp” views of galaxy
formation and evolution

1. Origin of the cosmological division of habitats
merger/interaction, morphologies, starbursts (AGN)
versus environment and time

2. Origin of the Hubble sequence of galaxies
shapes, size, and kinematics of distant galaxies

3. Internal structures of forming galaxies
Inflow/outflow (feedback), rotation/random motions,
and stellar population gradient



Origin of the Environmental Dependence

N-body simulation of a massive cluster ol
)e
galaxy

z=30
(Yahagi+05)

clusrer cove

Nature? (intrinsic)

earlier galaxy formation and evolution
In high density regions

Nurture? (external)

galaxy-galaxy interaction/mergers,
gas-stripping

M=6 X101 M 20 X 20Mpc? (co-moving)



Sharp colour transition in groups/outskirts
RXJ1716 cluster (z=0.81)
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A Dec. [arcmin]

Star-bursts in groups/outskirts
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Starbursts are likely to be triggered in groups/outskirts by external
environmental effects before they merge into the central cluster.
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67:10:00.0 optical

./

optical

20.0 100 17:17:00.0  50.0 : 300 16:20.0 Subaru(z’) AKARI(L15)
(fwhm=0.7")

Clear signatures of galaxy-galaxy interactions are
seen in some star-bursting AKARI sources. Koyama, TK, et al. (2008)




2.0

1.5

Star Formation vs. Morphology

CL0024 Cluster (z=0.4)

Morphologies seem to react later (or at inner region) than SF.
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Star forming activity in the cluster cores

O [Oll] emitters at z=1.46 (XCS2215)

OHa emitters at z=0.81 (RXJ1716)
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Star forming activity in the core is much higher in the higher redshift cluster,
suggesting the inside-out truncation of star formation activity in clusters!



Emergence of the red-seqguence at z~2 in proto-clusters?

Spectroscopically confirmed proto-clusters in terms of Lya emitters associated to RGs.
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How do we build-up massive galaxies since z~3 by z~27? (~1Gyr).
star formation (starbursts) or mass assembly (mergers) ?



A spider-web galaxy at z=2.2
(withessing a hierarchical assembly?)

Radio Galaxy MRC 1138-262 = The Spiderweb Galaxy HST = ACS/WFC

»
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.

. numerical simulation

NASA, ESA, and G. Miley (Leiden Observatory) STScl-PRC06-45

Miley et al. (2006) Hubble Space Telescope



Emergence of the Hubble sequence

between z=1 and 27

z~2-3 (10-11 Gyrs ago)

z~1 (8 Gyrs ago)
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Subaru+AO views of galaxies at z~3 (11Gyrs ago)

1 arcsec

K-band

Subaru Telescope, NAOJ

A much higher fraction of disk-type galaxies is seen, indicating the morphological
transition from ellipticals to disk galaxies since z~37? Akiyama et al. (2007)




Massive, compact, sheroidal galaxies at z>2

1030-1813
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Large disk galaxies (1.4<z<3)

WFPC2(HST) + ISAAC (VLT) 102hr JHK imaging in HDFS
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Remaining issues on environmental
effects to be studied with AO

Merger rates as functions of environment and time?
(PFAO or GLAO)

Co-incidence of truncation of star formation and
transformation of morphology? (PFAO or GLAO)

Nucleated starbursts (blue core) or wide spread star
formation and truncation (disk) in the transition objects?
(PFAO, GLAO, MOAO, MCAO)

Mass assembly or star formation to build-up massive
galaxies in proto-clusters? (MOAO,MCAOQO)

Size evolution in elliptical galaxies, and its environmental
dependence? (MOAO, MCAO)



“Resolved”, “sharp” views of galaxy
formation and evolution

1. Origin of the cosmological division of habitats
merger/interaction, morphological mix, starbursts
(AGN) versus environment and time

2. Origin of the Hubble sequence of galaxies
shapes, size, and kinematics of distant galaxies

3. Internal structures of forming galaxies
Inflow/outflow (feedback), rotation/random motions,
and stellar population gradient



Evolution of the Tully-Fisher Relation
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The offset can be explained by mass growth
by a factor of 2. Puech et al. (2008)



3-D spectroscopy (Integral Field Unit)

VLT(UT4) / SINFONI

Keck/OSIRIS
Gemini/NIFS

Subaru is lacking this
type of instruments...

Two dimensional original on-sky image

VLT/SINFONI
32 slices x 64 pixels

Optical slicing of the on-sky image
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Rotation of distant star forming galaxies

VLT/SINFONI(IFU) + AO - 0.15” resolution (~1.2kpc@z=2.38)
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High-z galaxies tend to be random motion dominated
Keck/OSIRIS(IFU) + AO - 0.11~0.15" resolution (~1kpc@z=2~3)

Q1623-BX453 (z = 2.1820)
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Kinematical structure of ionized gas in SMG (with AGN) at z~2.1
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“Cold Streams” along filaments
(Inflow)

efficient gas supply to form a massive
galaxy on a short time scale at high-z

Should be observable as “un-isotropic” inflow of gas
either by cooling radiation or by redshifted abs. line?

When does the gas motion turn to “outflow”
due to feedback (SNe and AGN)?
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Colour gradient in elliptical galaxies

Age seq. model (outside is younger) [M/H] seq. model (outside is metal poorer)
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Gaseous metallicity gradient (R23, N2) can be also investigated for spiral galaxies.
Propagation of star formation within galaxies: “inside-out” or “outside-in"?



Summary-1

MCAO/MOAO (diff.lim.) + IFU
FoV=2-3 arcmin, 0.06"@2um < ~0.4-0.5kpc @z>1
- Detailed inspection of individual galaxies

* Internal gas dynamics
rotation/random motions (kinematical Hubble seq.)
cold streams (inflow)
SNe/AGN feedback (outflow)

« Stellar population gradient
propagation of SF (inside-out or outside-in?)



Summary-2

GLAO/PFAQO (wide-field) + imaging
FoV=10-30 arcmin, 0.3’@opt-nir < ~2.0-2.5kpc @z>1

—> Statistical sample of galaxies in general
- Environmental effects infaround clusters

Beat the Space Telescope (JWST) by Areal Coverage!
Galaxy morphology (radial profile/light concentration)
Merger rate as functions of environment and time

Localized star formation (blue core or disk)



Some thoughts...

1. MOAO/MCAO7:E MEFMREFRIITMTDRRIZIXEELLY,
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