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Star Formation across Cosmic Times

Lookback time (Gyr)
8 10

BH accretion
(scaled)

Hopkins+12

Smoother Accretion from
Halo + Minor Mergers
and Disk Instabilities

(Major) Mergers
and Starbursts

Redshift

Madau&Dickinson14

Lilly+96; Madau+96; Steidel+96,; Schiminovich+05; Le Floc’h+05; Pérez-Gonzales+05,08; Hopkins&Beacom06;,
Caputi+07; Dahlen+07; Reddy+08,09;Soifer+08; Le Borgne+09; Rodighiero+10; Robotham&Driverll;
Gruppioni+10;13; Magnelli+11,13; Cucciati+12; Bouwens+12; Schenker+13; delVecchio+14,; among others.

And, e.g., Baker+04; Coppin+07; Tacconi08;10,13; Genzel+10,12,13,15; Daddi+10; Geach+11; Saintonge+11,13;
Combes+12; Bauermeister+12; Magdis+12; Magnelli+12; Freundlich—+13; Santini+13,; Baker+04,; Walter&Carillil3
Also, Rees&Ostriker77; Silk77; White&Rees78, Kauffmann+93,10; Steinmetz&Navarro03; Dekel&Birnboim03,06,; Hopkins+03-14, Springel+05;

Keres+05,09,15; Kitzbichler&White07,; Naab+07; Davé+07-14,; Robertson&Bullock08; Governato+08; Ocvirk+08; Dekel+09-14;
Agertz+09; Guo+09,11; Teyssier+10; Bournaud+10-15; Genel+08,10,14,15; Vogelsberger+13,;Ceverino+12-14; Shaye+14; & others.



Star Formation across Cosmic Times
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The “Main Sequence” of Star-Forming Galaxies

® SFR~ M, on the MS
® ~90% of the cosmic SFR occurs on the MS
® MS SFGs have gas depletion times < 1 Gyr
e Efficient quenching above log(M4/Mg) ~ 11
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Spatially-resolved near-IR IFU
Exploiting VLT and HST opt/NIR, and Herschel far-IR surveys
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Kinematics of z ~ 1 - 3 SFG,
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Vigorous Feedbackfrom Star Formation

SINFONI+AO
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Widespread Nuclear Outflows Driven by AGN

® Centers of log(M.) = 10.9 galaxies, FWHM ~ 500-2000 km/s, in Ha+[NI1]+[SI1], 2 — 3 kpc extent
¢ High duty cycle among typical massive galaxies, dM, /dt (ionized gas) ~ SFRy V ;> V.
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Widespread Nuclear Outflows Driven by AGN

® Centers of log(M.) = 10.9 galaxies, FWHM ~ 500-2000 km/s, in Ha+[NI1]+[SI1], 2 — 3 kpc extent
¢ High duty cycle among typical massive galaxies, dM, /dt (ionized gas) ~ SFRy V ;> Ve

log(M-) > 10.9 galaxies with broad nuclear component

Inner regions . Outer disks
1 logML) >10.9 |

log(M.) > 10.9
Ha
@ broad He/[NII}/[SHI] (320 SFGs)

~[NII] 6583 AGN

Broad

component Broad

|
component

[NII] 6548 ;| .
P A «
ummmﬁf\i%wmm

4000 -2000 0 2000 4000 -4000 -2000 0 2000 4000

®
8]
=
[0
o
o
i=

velocity (km/s) velocity (km/s)

D3a-6004 (z32.38) SINFONI+AOQ
N

o, y
NMFS+14; @ ﬁ
f]
&

Genzel+14b;
+ in prep.

) 0

Ha broad (outflow)
320 M -selected 0.8 < z < 2.6 galaxies; 80 at log(M,.) > 10.8
(KMOS?P, SINS/zC-SINF, LUCI, GNIRS)

Also, e.g., Rupke+02-13; Sturm+11; Nesvadba+11; Westmoquette+12,13; Harrison+12,14; Maiolino+12; Cano Diaz+12; Fabian12;
Diamond-Stanic+12; Mullaney+13; Rodriguez-Zaurin+13; Cicone+12,14,15; Juneau+12,14; Brusa+15; Cresci+15; Perna+15



The Need for Sensitive Spatially-Resolved Data

KMOS (noAO)
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The Need for Sensitive Spatially-Resolved Data
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