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SCIENCE QUESTIONS:

1. How does a galaxy’s star formation rate depend on mass?

2. How and when do bulges form in galaxies?
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Hubble+Spitzer: The Star Formation Sequence
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Hubble+Spitzer: The Star Formation Sequence
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SCIENCE QUESTIONS:

2. How and when do bulges form in galaxies?
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Hubble+Spitzer: The Formation of Bulges & Digke

Does the presence of a significant
bulge lower the global SFR?

(e.g., Abramson et al. 2014)

more massive bulge
—_—

SSFR = SER
MbpuigetMaisk

] T N SFRxMaisk
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Does the presence of a significant THIRTY METER TELESCOPE
bulge lower the global SFR?
(e.g., Abramson et al. 2014) All Galaxies
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Does the presence of a significant THIRTY METER TELESCOPE
bulge lower the global SFR?
(e.g., Abramson et al. 2014) All Galaxies
‘_|‘—|3 """""""" JET eI T IS T PLELELELE LELLELE DL LU BB LA
L 5<|Z<1| .0 25 0.5<z<25 3
>=~ o f = - 10<log(M/M,)<11 o, 4
= 3 (I ’uf@ _____ = ;. S
~N SEEEPY | 0 P 20 2 iy
 — : i@,\ d)‘? % le M * | z,.t 1
AT hihi SAANNE RN 3 3
= . F ; [ quiescent s
n e : star-forming 3 -
o0 : (. 3 10 _
'9 2 YPT PN PO PO Lossssy B = & _ -
90 100 11.0 N * il :
0.5 . —
-l L1l l L1 11 l L1 11 l L1 11 1 L1 1 1 l | | _

-5 00 05 10 15 20

_____EEN [ 1 I V-

0.00.51.01. 5202530354045505560
Sersic Index Whitaker et al. submitted*

*well, almost...

Kate Whitaker TMT Science Forum, Washington DC June 24, 2015




NS
™T

Does the presence of a significant THIRTY METER TELESCOPE
bulge lower the global SFR?

(e.g., Abramson et al. 2014) Star-forming Galaxies

______ [TYrrrrrrrr[rrrrrrrrr[rrrrrrr

: 0.5<2<1.0 “

Hubble+Spitzer: The Formation of Bulges & Digke

N w
1

—
|

i:——
T

U '
N =
’lllllllll'lllllllllll TITTITIrrrrrrrrrroIrTyY
- .
-
-
-
—
P - w— -
=
-
-

log(SFR) [Mgyn yr'!]
;‘é S

log(stellar mass)

0.005101520253035404550556.0
Sersic Index Whitaker et al. submitted*

*well, almost...

Kate Whitaker TMT Science Forum, Washington DC June 24, 2015




Hubble+Spitzer: The Formation of Bulges & Digke

NN
™T

Does the presence of a significant
bulge lower the global SFR?

(e.g., Abramson et al. 2014) Star-forming Galaxies
— gfTT L I — 3 T T Aaassasc
" - 0.5<z<1.0 1E 1.0<z<1.51 :

: 1E ! I E
= I :*d | |zm‘».a»
1E (. a(b,?‘ JE ! R, ¢ x
= 5 > et 1L 5 :
= | £ it W™
~ O0F ¢ 4’&, 13 ", , E
e T ! !
FL ' I ! ! 5
wn -1E 1F F
N’ : I | | I ]
0 Lo : L
CQ -2E. iliileiitiiiiiiin, [IPTTRET || TP baalosas,s I Lasasss ]
—

9.0 10.0 11.0 9.0 10.0 11.0
log(stellar mass)

0.0051.01520253.0354.04550556.0
Sersic Index

THIRTY METER TELESCOPE

Whitaker et al. submitted®

*well, almost...

Kate Whitaker TMT Science Forum, Washington DC

June 24, 2015



NN
™T

Hubble+Spitzer: The Formation of Bulges & Digke
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Hubble+Spitzer: The Formation of Bulges & Digke

Why don’t we see this trend at z=2?

This epoch marks the peak of the cosmic star formation history

old stars
young stars
z<1 Z~2
?
— — -
bulge in place (disk growing) bulge (and disks) growing
Nelson et al. (2012, 2013): But how does the bulge grow?
Star formation at z~1 occurs at all radii in f .. d mi
exponen tial disks Do stars form insitu an mlgrate

from the (unstable) disk to the bulge?

van Dokkum et al. (2014): « Is the bulge the result of accreted
Little growth in the centers of galaxies satellites?
from z~0.8-0, but at higher redshifts there .

: g Is some other mechanism at play?
is growth at all radii.
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What have we learned so far?

1. How does a galaxy’s star formation rate depend on mass?

« The slope of the star formation sequence is not constant and depends on stellar mass.
« See Whitaker et al. 2012b, 2014b

2. How and when do bulges form in galaxies?

« The slope and scatter of the star formation sequence is correlated with systematic
variations in the Sersic Indices of galaxies across the SFR-M* plane.
« See Whitaker et al. 2015 — coming soon on the arXiv!

GALAXY STRUCTURE AS A DRIVER OF THE STAR FORMATION SEQUENCE SLOPE AND SCATTER
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The Future: Spatially-Regolved Studies with TMT TMT
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without Adaptive Optics .

Keck

with Adaptive Optics

with Adaptive Opiics

TMT

Image Credit: Stark/Ellis with Caltech Digital Media Center
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The Future: Spatially-Regolved Studies with TMT

SYNERGIZING OBSERVED GRADIENTS WITH SIMULATIONS
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SUMMARY

1. How does a galaxy’s star formation rate depend on mass?

« The slope of the star formation sequence is not constant and depends on stellar mass.
« See Whitaker et al. 2012b, 2014b

2. How and when do bulges form in galaxies?

« The slope and scatter of the star formation sequence is correlated with systematic
variations in the Sersic Indices of galaxies across the SFR-M* plane.
« See Whitaker et al. 2015 — on the arXiv soon!

What next?

« Studies leveraging the spatially-resolved capabilities of Hubble
« TMT (and JWST) will pick up where Hubble leaves off (!)
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