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Dissecting Galaxy Assembly at Cosmic Noon (z~2)
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Illustris Team

How are galaxies fed by, enriching, and
interacting with their surrounding gas reservoirs 
and the larger cosmic web? 

How were the thin disks and bulges in spiral 
galaxies built?

How were elliptical galaxies built and shut down?
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15 Mpc

200 kpc
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Credit: NASA, ESA, A. Koekemoer and the CANDELS science team



Dissecting Galaxy Assembly at Cosmic Noon

I. Multi-scale mapping of the 
IGM/CGM on ~0.1-1 Mpc scales

Combined with

II. 100 pc resolution maps of stars 
and the ISM

For a representative sample of 
galaxies at “cosmic noon” (z~2)
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II. Near-IR IFU

I. Multi-object optical  
spectra using galaxies 

as backlights



Dissecting Galaxy Assembly at Cosmic Noon
I: Resolving the Inter and Circum-galactic Medium with background galaxies 
using wide field optical multi-object spectroscopy (GMACS+MANIFEST)

Current state of the art: 
quasar as backlight  

Trident Code: Hummels+2017



Dissecting Galaxy Assembly at Cosmic Noon
I: Resolving the Circumgalactic Medium with background galaxies using wide 
field optical multi-object spectroscopy (GMACS+MANIFEST)

Current state of the art: 
quasar as backlight  

30 meter telescopes:
Galaxies as backlights  



Mapping galaxy halos in the cosmic web

Tomographic sampling of the 
IGM to trace the backbone of 

galaxy evolution

Dark matter

HI column

image credit: IllustrisTNG

image credit: K.G. Lee

This KSP
300 kpc sampling
HI large-scale structure with resolution 
comparable to individual galaxy CGM!
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Current/upcoming surveys
larger FOV (1 deg)
Coarser sampling (1-3 Mpc)
proto-clusters & voids



Image credit: GMT science book

Dissecting Galaxy Assembly at Cosmic Noon
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Resolve the Circumgalactic Medium to probe the feeding and gas cycle 
for each IFU target

Outflows and inflows

Covering 
fractions

Distribution 
of chemical 
enrichment

Gas 
distribution



• Resolving individual star forming regions

• Mapping galactic winds and connecting their 
launching sites to the circumgalactic medium

• Observing the formation of galaxy sub-components 
(bulges, disks, clumps, SMBH) down to the masses 
of Milky Way-like progenitors

• Mapping the distribution of star formation, dust, 
metals, ionization

• Formation histories of the first quiescent galaxies

• Finding the biggest black holes

Simulated galaxy

10 m class AO

GMTIFS

(From the GMT science book)

Dissecting Galaxy Assembly at Cosmic Noon
II: AO-fed near-IR IFUs (GMTIFS/IRIS) dissect galaxies at 100pc 
resolution 



The Formation of the Hubble Sequence at Cosmic Noon
How are thin disks and bulges formed?

Simons+2017

Forster Schreiber+2018

100 parsec resolution will resolve 
and reveal the nature of clumpy 
star formation, clump migration, 
and the formation of bulges in 
today’s spiral galaxies

100s-1000s of spaxels per galaxy
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z~2?

Bezanson+2018

(Toft+2018, Newman+2018)

Measuring the rotation al support of quiescent galaxies is only possible for rare, strongly lensed, massive quiescent 
galaxies even with JWST!

*This requires the collecting area and spatial resolution of 30-m class telescopes*

Ellipticals today: Red-and-dead 
and dispersion supported

Were the first red-and-dead 
galaxies disks or ellipticals?

?

The Formation of the Hubble Sequence at Cosmic Noon

How are quiescent ellipticals built?
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Half-light radius of ~1kpc is ~a 
single JWST NIRSpec spatial 

IFU element!

Szomoru+2012

10 kpc

JWST 
NIRSpec GMTIFS

Only 4 strongly lensed 
galaxies at z~2



The Formation of the Hubble Sequence at Cosmic Noon

Why do massive galaxies “quench” their star formation?

Not to scale!
adapted from Man and Belli (2018)

IFU

background 
galaxy 
sightlines
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Survey Strategy

15 nights

40 nights
30 nights

10 nights

40 nights TMT + 55 nights GMT

I. CGM/IGM mapping of the gas cosmic web with GMT/MANIFEST
- Background sources for tomography: S/N ~ 20 spectra to g=26 mag to map HI and 

metal line absorption (SiII, SiIV, CIV)
- Down-the-barrel UV spectra for the IFU targets: S/N ~ 100 to study outflows (SiII, SiIV, 

CIV) and massive stellar pops
- ~4 GMACS+MANIFEST configurations

II. IFU observations of ~50-100 galaxies
- Stellar Mass of 109-1011 and spanning the range in star formation rates
- TMT/IRIS: Hα @ 9 mas to obtain star formation and kinematic maps
- GMTIFS: Fainter lines [OII], [OIII], Hβ, [NII], etc. mapped at 25 mas for a subset of 

targets (simultaneous JH coverage) to obtain maps of dust and metals
- GMTIFS: Resolved stellar continuum for a subset of quiescent galaxies: maps of stellar 

ages, abundances, kinematics


