ESO in the 2020’s

Gas in galaxies

Roberto Maiolino




Evolution of

<

cosmic SFR densit
LE o B o0l
1o g B g
ol -3
" HH
8

(My/yr/kpe’)

odulation of th

chmidt-Kennicutt law

i(SFR)

Log s

Outflow Gas

stripping

HI (IGM]
inflow

inactive HI
(reservoir)



| R S Co e (S o o P
L - M51 (Kennicutt et ol. 07) — Apertures
[ ®M51 (Schuster et ol. 07), NGC4736 & NGC5055 (Wong & Blitz 02)
E S F R NGC6946 (Crosthwoite & Turner 07) — Rodial Profiles
* Non—starburst Spircls (Kennicutt 98) - Globo A
[ A Starourst Galaxies (Kennicutt 98) — Globe 4,4 AA
| & LS8 goloxies (Wyder et al., in prep.) — Global a AA
1= , a
i a
A A
- a
—
19 OF
Q
2
il L
> _1 -
1) B
=
fa—
& L
5 -2
2 H00%
o
o
3
10%
4
M%
_5 | L l 1 1 1 I L '} I 1 1
1 0 1 2 3 4

2(SFR)

-2

Star Formation Surface Density [Me yr™' kpc~?]

2

log Zy.uz [Me pC

Z(HI+H2)

0.100 -

0.001 =

H2 only

90%

75% [
507 |
25%

L Y

Gas Surf?lscc)e Z( H 2)

N ST '

| I

TR T A '

|

L

| T T

The Schmidt-Kennicutt law(s)

2(SFR)

0.100

0.010;

Star Formation Surface Density [Mg yr™' kpe 2]

10
Gas Surface Density [Mg pc %]

2(HI)

Hl only

920% [
75% [
50% W
25% 1l

100

= . Cng e
L000.0F 3.0 fit Tine: SFR=1.8M,,0/10° °

SFR [ for SFR < 20 Mgyr'
_ @ LIGs/ULIGs Lyp>10"L,

) Normal Spirals
100.0: P :

Molecular
dense gas
-> linear relation

= °
‘5-4
-
o]
E 10.0 - E
o E ]
= [ ]
L.og E
: Dense only
0.1} Ll , Lol A L
10 108 109 1010

(dense

IU11



< —a 1 —&y —1
log Zgus(Mgyppe 7) or Dgpp(Mg,pe “Gyr )

Inefficient SF in
galaxy outskirts
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=> Reservoir of gas -> inflow on long timescales
-> but accelerated by any interaction or dynamical disturbance



logSgpr (M, /yr/kpe?)

@ ESO 146-G14 (9% solar metallicity; region radius: ~1

1.0 1.5 2.0
logzgas (MC-)/pC2 )

0.5 25 3

Possibly bulk of the
gas is SF-inefficent
i.e. “sub-SK”

0.1000

Inefficient SF in
low metallicity systems?

Metal poor

{local galaxies

High-z DLA’s

[ - - - - KSrelation -
i KS relation, K=0.1 x K, -
LBG R/H range .-

LBG Uncertainty (1g)- = ~
X LBG outskirts. - ~
° DLAs . -~

-

__ 0.0100F -

Zgrr [Moyr ' kpc™

!
¥ €e+
0.0010 3 ‘ % =
0.0001 ,
10 100

gas Mg pC?]



Modulation of the SK with environment, dynamics and redshift
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But debated...

Redshift-evolution of the S-K
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Most of these studies start from galaxies
selects by Star Formation...

If the key, fundamental quantity is the gas content
-> cleaner way -> select blindly from gas content



“Blind” CO searches
Tracing the cosmic evolution of Q,,,
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Gas masses from CO and from dust suffer from
strong dependence on metallicity (and environment)
...and with large spread
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Serious issue... especially at high redshift
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Observationally tracing starburst-driven outflows

SN-driven winds
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First evidence of quasar-driven outflows
In local galaxies achieved only recently
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Outflow rate versus SFR in local galaxies
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Yet, bulk of the action must occur at high redshift
3D resolved emission line spectroscopy

Absorption spectroscopy

(stacked spectra
-> huge scope for improvement with E-ELT)
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the molecular+atomic neutral phases can be much more massive
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At high-z we are still far from having the statistics
and the information (multi-transitions, multi-phase)
available in local outflows...
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Moreover...



Simulations: “effectiveness” of outflows is very low
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* Most of the gas escapes through low density, least resistance regions

* Does not stop inflow along dense filaments
* Most of the gas rains back onto the galaxy

-> Outflows help regulating SF, but may not be capable of really quenching SF...

Need to investigate outflows at very large radii (ALMA+abs. spec.)



Probing outflow effects at large radii (~150kpc) through absorption spectrosc.
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Gas removal by ram pressure:

galaxies plunging into hot halos
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Gas inflows: very difficult to probe observationally

Absorption spectroscopy:
small cross section of accreting medium

A SINFONI flux map
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IGM tomography: probe Lya forest through multiple lines of sights

by using galaxies as background sources

-> mapping baryons in cosmic (accreting) filaments

Xoep(2=2.325) (h"Mpc)

« F CLAM J100025.14+021256.7 z=2.321 g=23.84 :
fITTTET ||HE\_,HI‘IHHHHiHHH’H\‘HHHH\‘1\,lUUH‘HPHHHIHHHH E 15
3 [24’62;;4 3g) ¥ . [2.465,24.39] - b 1 he]
oob . 5 ‘ TR 457539}?,_ . .' B ~ g 10 wavw 7
; ;T » v 13 @
AR, e L R E 05 *
3 : s 12 Z
,.,,[ 18452 S 00
55 o Tt T kb gy P4 Jq 9 2.0 j CLAM J100038.35+022216.4 z=2.462 g=24.39
3 »LZ.'FGDZ'MBJ i " Y ‘”SB:ZI‘ Kok N E 3
; 0 - 2,864, 24,60] :: R 10 — i 5 E
2 [ pr i e 9] r
§ .l." \- ] E 1.0 -
o % ) " e B Eol
tofe | ¢ PEEE S L b %0 gl S 05F
o . e : ' 5 = . E
S . 00L 3
e lzazﬁédz;‘. . 2 y 3'05 z=2.513 g=24.74
‘." F o -’2.;20'2428] o 7 . =2 25E E
‘® :_}. [ Beor] g uw E |
16 : 5 ,f E 2'05 =
. 2.438 = N E H]
T s = 15 by M
S s2 E 10 Lt
L 3 S E 1 - ; Ll‘l‘a g 05
[243%i2443} - - :?’ ’
141 T 7 g { % 00 X I
(2435 417k - . i . 3600 3800 4000 4200 4400 4600 480C
: @ [z‘j.s‘sJ ..; :[2“32‘%;-&’”' 3 Wavelength (A)
j‘ (2305 21 i : zZ= 2-28
121 S . y—
L - * . 24711 5
SRR {l
il \ S A ‘e \
- 2 | i
1oL L R . ‘ . A 4 >
¥ X i jz‘ses‘zf»‘oo]' - -(“ >
& 2 : - hd .
. . L A | )/
First results with Keck! AU T 14Mpe/h|| g ‘ ) &
. 4." . [e_egf)ﬁqfw‘]"o Q “" - Y ,
02* 08,_‘ 117 |A14 e N L | ‘ | 'l l | |‘ I | L 0 I K | 2
10" 00™ 45° 40° 35° 30° 25°
Right Ascension

Center: R.A. 100032.41 Dec +021517.9

Great expectations for E-ELT MOS!

\
6 Mpc/h



Can we see the cosmic web and feeding filaments in emission?

* Self-shielded neutral gas fluoresces when illuminated by the UV background (in
principle every ionizing photon produces ~ 0.6 Lyo photon)

Hogan & Weymann 1987; Gould & Weinberg 1996; Zheng & Miralda-Escude 2005;
Cantalupo+05,07; Kollmeier+08, Cantalupo+12

* Extraillumination by a nearby quasar shrinks self-shielded region but boosts

surface brightness over region > 10 Mpc
Cantalupo+05,07,12
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Detecting Lyo. from high-z feeding filaments illuminated
by QSO, within reach of MUSE
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Direct Hl imaging
of accreting gas
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JWST
the game changer




JWST spectroscopy: jump by
~ 2-3 orders of magnitude in em. line sensitivity (!!!)

R=600-2400 spectroscopy, emission line, point source
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Do not even think about “competing”
-> “Exploit” and complement JWST -> go for high angular and high spectral resolution
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Poplll identification

JWST will struggle to detect the
signatures of Poplll,

because of their very short timescale
and very quick ISM pollution

E-ELT + HIRES
can detect the signatures
of Poplll SNe in the high-z

ISM and IGM redshift=9 H,z;=22 T,,=10hr (res. 2pix)
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Simulation of a primordial galaxy at z=7
(Vallini et al. 2014)
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What about proving molecular gas
in these early metal-ppoor systems?



Molecular gas in the early universe
in metal poor systems...
~ HD112pm
. metallicity-independent
tracer of molecular gas
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2020’s, personal (ambitious) wish list
(not sorted by priority):

E-ELT: MOS

E-ELT: HIRES

E-ELT: “MUSE”

ALMA: more antennae (double)

CCAT? (Only if equipped with large format,
broad-band on-chip spectrometer array)

SKA: phase 2

A new car

Thank youl



