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A pleasant walk from Garching




With plenty of
informative
street signs




Plus .... the talks



Andrea Ferrari: “The ISM of High-z Galaxies”

Questions:
Why is [Cll] so smooth when SF is clumpy?

Are real galaxies as interactive as cosmological simulations suggest?
Is the interaction-origin for high turbulence limited to the EoR?

Surprising high abundance of massive galaxies at EoR (z>6)

- MUV ~-22 to -23 mag at z=7, when SFRD ~ same a today’s (0.01 M,/yr/Mpc) and 0.1 x High Noon
[ClI] vs SFR shows deficit of [ClI] at SFR ~ 3-10 M /yr; suggest from higher efficiency of SF (less gas/SF)
Simulations show [CllI] more uniform than HIIR, and low surface densities invisible because of CMB
[ClI] dimmed by extinction in edge-on galaxies
[ClI] sometimes displaced from HIIR, perhaps showing PDR cloud-surface effects
Line emission good for dynamics (rotation, turbulence, interactions)

- Simulations suggest 90% of line broadening from interactions (gravitational energy), not turbulence
CO (7-6) line optimum for ALMA at high z (peak of the CO emission/molecule)

Surprisingly large, centralized dust emission at z~6-7
- Dust must be from SNe, not AGB stars (regions too young for AGB dust)
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Natascha Forster Schreiber: “Clumps and High-z Galaxies” -- Cosmic “High Noon”, z~1-3
- Most star formation is in disks, and ~60%-80% are clumpy in FUV (20%-40% clumpy in Mstar)

- Massive disks have red bulges (B/T ~ 0.3-0.6)
- Dust is more compact than stars, following bulge somewhat

- Disks are gas rich and turbulent: ¢ ~ 40 km/s, fgas ~ 60%, o/Vrot ~ Qfgas for Q™1
- SF-driven outflows when SFR > SFMS; AGN-driven outflows for higher mass galaxies

- Disks have low central DM mass fractions
- Clumps are Toomre-scale (formed by gravity):
- L~fgasRdisk~kpc;  M~fgas?Mdisk~10%°M,

- Clump ages ~ 1-2Torbit, clump age gradient steeper than host (implies migration)

- Clump outflows may limit clump lifetimes

Questions:
Do clumps need to survive to make a bulge?

- Continuous presence of clumps means continuous torques and inflow
What drives the transition from clumps to spirals (as z= 3 to 0)?

- Decreasing fgas? + decreasing stellar disk thickness and stellar dispersion
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Mirka Dessauges-Zavadsky “Linking stellar clumps with molecular clouds”
- 60% of MS galaxies at z~2 have UV-bright clumps
- Most studies suggest they are formed in situ, and not accreted i
- Redshift evolution of clumpy galaxy fraction inconsistent with mergers
Clumpy galaxies are exponential disks
Edge-on thickness is similar for clumpy and spiral galaxies at these redshifts 0 o
Ordered rotation in clumpy galaxies, with large velocity dispersions
o/Vrot follows fgas suggesting ¢ is from gravity-driven turbulence with Q1 [ T
- Simulations show that fgas~0.5 to form clumps by gravitational instability e = i =
- Clump masses ~107 M, (smaller than in original studies because of lensing surveys and greater sensitivity)
~10% M, for JWST lensed clumps
- Clump mass function M2 as from turbulent fragmentation
- Cosmic snake, A521 lensed galaxies allow high resolution clump studies, down to 30-100 pc
- Clumps are 15% of the host stellar mass; their ages are 10-200 Myr, their surface densities are ~103 M,/pc?, like
local star clusters; more massive and older clumps are closer to the center in the cosmic snake
- GMCs 100x more massive, 10x higher surface densities and with higher velocity dispersions than local GMCs, and
they are gravitationally bound, consistent with scaled-up GMCs in the high-z environment

- SF efficiency is high: 10%/free fall time, 30% overall

Questions:
What happened to the massive clusters that formed in clumpy galaxies? Are they the metal-rich GCs? How did they get
into the halo/bulge regions of today’s galaxies?
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Jeremy Fensch: Impact of disk instability and galaxy interactions on clump formation
Disk instabilities need low Q and fast cooling (comparable to the dynamical rate)
- Slow/no cooling rate produces flocculent arms (recurrent “swing amplified” spirals)
- Fast cooling produces clumps
- Morphological cooling in ETG: high epicyclic frequency makes Q high, even with CO present
- For local clumpy galaxies (DYNAMO), the relative clump size (Rclump/Rgalaxy) is proportional to the relative
turbulent speed (o/Vrot) and to the relative gas fraction, fgas, as expected for instabilities (Fisher +17)
- As fgas increases from 25% to 50%, model galaxies go from spiral-like to clumpy
- Most cosmological simulations have too little gas in the galaxies and are therefore not clumpy enough
- Model clump mass functions have the “universal” form (dN/dM ~ M-2), and there are clumps within clumps
- Mergers:
- Primarily prograde mergers (with high fgas) make clumps
- Mergers will not make more clumps if the galaxies are already clumpy
- “Compressive tides” promote gravitational instabilities and clump formation in mergers

Questions:
What makes high-z disks so turbulent?
... instabilities, accretion, interactions, feedback?
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Melanie Chevance: feedback in molecular clouds and clumps
- Galaxy simulations with different feedback mechanisms or different FB time delays have different morphologies
- Photoionization increases the ISM density before SN, making for smaller holes
- Shorter delay times put SN in higher density gas, making for smaller holes
The relative lifetimes of clouds and massive stars affect galaxy morphology
- If the dispersal time is long, GMCs linger near their massive stars and the two correlate well in position
Model fitted to NGC 300 suggests feedback timescale ~1.5 Myr and cloud lifetime ~11 Myr (for HIIR timescale of ~4 Myr)
- i.e., there are lots of HIIR without GMCs (GMC destruction faster than HIIR life)
- and lots of GMCs without HIIRs (GMCs live relatively long before SF begins)
From Phangs survey:
- 70%-90% of a GMCs lifetime is before SF (HIIR) begins; this lifetime is 1-2 GMC dynamical times
- The GMC dispersal time from FB is 1.4-3.8 Myr, i.e., before SNe
- The SF Efficiency at MW GMC surface densities (10-100 M,/pc?) is a few percent
- Photon leakage reduces FB coupling
- FB time increases from 1 Myr to 10 Myr with galaxy mass from logM=9 to 10.7
FB puts gas in a non-star-forming state

Questions:
Why do galaxy simulations have too much correlation between GMCs and young stars?
How would obscured SF in GMCs affect the FB time and cloud lifetime?
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Jean Turner: the molecular gas in SSC
Hosts of SSC: mergers (Antennae), bar centers (NGC 253), LMC (30 Dor), NGC 5253 (dSph galaxy)
100-1000 O-type stars in 0.5 pc
High SF efficiencies derived: ~50%, but uncertain
Top-heavy IMF slope in the centers from high M/L ratio (M from gas linewidths)
Expect high metal enrichment from WR winds
- Enough to rapidly cool and trap winds inside the cluster?
Rapid dust production
Expect the youngest O stars to have separate UCHIIR in the cloud cores
High 12C0O/13C0O~40 ratio in NGC 5253 suggests x-ray irradiated clouds
- HCO+ and optically thin 12CO also favors XDR

Questions:
Can SSC trap outflows and make a second generation of stars?
Does metallicity play a role in making today’s SSC different from old GCs?




One plot presentations:

Eric Giunchi — ram pressure stripping of galaxies; giant associations and molecular
clouds in stripped tail

Tom Richtler — SSCs in the outskirts of an ETG (NGC 1316) with no obvious satellite
association, plus dust filaments in the center

Angela Adamo — JWST high-z clusters at 30-50 pc resolution: mass size relation has the
same slope (0.25) as for bound clusters but in much larger regions

Almudena Prieto — SSC formation in a galaxy center: associated with but offset from
molecular clumps

Splinter group results ??



Bigger questions
What is the origin of high-z turbulence? (interactions, accretion, instabilities, feedback...)
Where are the clumpy galaxies today? And the clumps? And the clusters they formed?

- All local galaxies have old thick disks (S4G survey) so they had a high o/Vrot phase and also
likely a clumpy phase: where are the SSCs that the MW formed then? If they are in the halo
(“red GCs” “bulge GCs”) how did they get there without destroying the disk too?

- If the MW’s SSC did not go to the MW halo, then they had to disperse.

- How do you disperse stellar regions with 1000 M,/pc? in a MW-type disk with much lower Zstar?
- Where are the bulges that clumps are supposed to have made? Most bulges now look like thick

bars (boxy or peanut-shaped).
- Why do simulations show frequent interactions yet clump studies suggest in situ clump formation

in somewhat isolated disks?

- Do simulations have too much SF at low density (e.g. accretion flows)?

- Where are the supershells in clumpy galaxies? Is blow-out more common, in which case FB may
be relatively unimportant for galaxy structure, stability and turbulence
.... On to week 2!



