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Size Evolution of Ellipticals atz <2
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+ Proposed Mechanisms of Size Growth"

Quasar Feedback

e.g. Fan et al. (2008, 2010)
Damjanov et al. (2009)
Hopkins et al. (2010)

Minor Mergers

e.g. Khochfar & Silk (2006)
Naab et al. (2007)
Bournaud et al. (2007)
Hopkins et al. (2010)



+ Proposed Mechanisms of Size Growth'

Quasar Feedback

QSOs cluster like

Blue Galaxies

(i.e. lower-density environs
than red galaxies, Coil et al. 2007)

Minor Mergers

Favored in High-Density

Environments

(e.g.Lin et al. 2010; Lotz et al. 201 3;
Mclntosh et al. 2008)



To study the variation in early-type sizes with
environment, we need...

0.
1)
2]

study early-types at z ~ 1, catching growth in the act.
high-resolution imaging (i.e. HST/ACS or WFC3)

either an extensive spectroscopic z survey
-or- deep multi-band imaging for very good photo-z

[3] both of these over a wide enough area,

SO as to establish a large sample.
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1 DEEP3 Survey Stats
* >75 Keck/DEIMOS nights

e ~7k more galaxies at Rag < 24.1
(~90% of sources targeted
down to limit)

S +53°00'F

6 (J2000

* ~2k galaxies at 24.1< Rag < 25.5
* R ~ 2500 spectra

+52°30' I

Existing HST/ACS V+I

14724™ 14"21™  14P18™ 14M15™ Cooper et al. (2011)
« (12000) Cooper et al. (20157?)
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Size-Environment Relationship atz ~1*
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DEEP2+DEEP3 in the EGS:

ID 13033104 | (814) Image | (814) Model | (814) Residual

* red galaxies at
04<z<1].2

10.3 < log(My) < 11.3 - e
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DEEP2+DEEP3 in the EGS:

* red galaxies at
04<z<1].2
10.3 <log(Mx) < 11.3

e sizes from ACS-GC
Griffith et al. (2012)

* low- and high-density
samples matched in z,
My, n,and U-B

P, = 0.48 P, = 0.43

Cumul. Frac.
Cumul. Frac.
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Size-Environment Relationship atz~1"
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DEEP2+DEEP3 in the EGS: rof——— v T T
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+ Size-Environment Relationship atz~1 "~

DEEP2+DEEP3 in the EGS:
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+ Size-Environment Relationship atz~1 "

DEEP2+DEEP3 in the EGS:

Cooper et al. 2012

f— - —

* red galaxies at
04<z<1.2
10.3 <log(Mx) < 11.3

e sizes from ACS-GC
Griffith et al. (2012)

Relative Number

* low- and high-density
samples matched in z,

Mx, n,and U-B ~0.5 0.0 0.5 1.0 1.5
Ar,

» ellipticals in high-density size difference (h'l Ph)'SicaI kpc)

regions are ~0.7 kpc (or 25%) high- MiINUS Iow-density
larger galaxies at z ~ |.




Papovich et al. 2012

Fractional Number per bin
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ellipticals at
z~ 1.0

See also results
from Lani,
Delaye, Zirm,
Newman, etc.



+ A muddléd picture athighz...

Newman et al. (2014)
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A smoking gun for growth via-mergers? =

-

But recently-quenched galaxies are also biased
towards dense regions.

Cooper et al. 2006
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Brown et al. 2007
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And ther& are plenty of new early-types...

...at least around ~L* (perhaps not at high mass)

(] SDSS
| & COMBO—-17
O DEEPZ

| —— 7=0.6 Gyr

. A Bootes

-+ - - log(jg)=7.88+0.13z

stellar mass on red
sequence since z ~ 1.

1

Factor of 2 growth in

0.5
Redshift

see also Bell et al. 2004, Ilbert et al. 2006,
Wake et al. 2006, Bundy et al. 2006,
Faber et al. 2007, among others.



+ Are youriger galaxies larger?.
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BCO3 modeling of
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+ Young Galaxies are More Compact!?

N DN
n

Intensity (mag arcsec™?)
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young old

Younger ellipticals at z ~ 2
are more compact
(i.e. inconsistent with dilution
due to newly-formed ellipticals
being larger).

[but see also Valentinuzzi et al. (2010)]



+ Deep, high-res spectroscopy disagrees...

(U 'V) rest-frame

Belli et al. (2014)
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|Og Iqmaj (KpC)

Evidence that younger galaxies are larger...

Belli et al. (2014)
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Spectroscbpy of passive systems is difficult....
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GOGREEN

Gemini Observations of Galaxies in Rich Early Environments

Redshift
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Rudnick....

~30 groups and
clustersat1 <z< 1.5

~40-50 members per
system (plus large
field samples)



GOGREEN

Gemini Observations of Galaxies in Rich Early Environments
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Conclusions

* There is a increasingly clear size-environment correlation at z ~ 1.
* Minor mergers and/or progenitor bias could be at play (likely both).

* Why is this environmental dependence gone by z ~ 07**
** — we need to be careful about how we interpret a lack of
environmental dependence.

* \We need bigger samples (including ages) to make progress.
Plus, more effort in connecting ancestors and descendants

observationally.
[CANDELS, GOGREEN, DES, MANGA, LSST+WFIRST, etc.]

Analysis of environment dependence is a useful sanity-check, but is likely
not the best way to proceed. Instead, we need to be using models + the
statistical power of large field samples to address open questions.



