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SF connected to halo growth .
llbert et al. 2015 ' - .

e SF galaxies: SFR follows halo growth to O order

-+ natural prediction in SAVs .

* similar results found in cosmo sims:
e e.9., Inlllustris (Sparre+15), EAGLE (Guo+16)

o

e can explain change of soFR with time &

o sSFR functions (this work) f I\/IStar » SSFR re|at|on <eg |—|||y et a|-

- GSMF Ilbert 13 | 20 ez-Puepla et al 2016
— SAM Wei;mann 11 -l e < ) Lilly et al. 2013
- - SAM Wang 08

B sMIR/(1-R) Neistein 09
§ Behroozi 13 compilation

alo growth 9.5<log(M)<10

log(sSFR Gyr-!)

% Weinmann 11 compilation

2
. redshift

SFR ~ gas inflow rate

(e.9., Bouche et al. 2010, Daveé et al. 20 Iy et al.13,
Feldmann et al. 2013/15, Peng et al. 20 ekel et a
2014, .Foroes et al. 2014, Mitra et a

e gas inflow ~ DM growt
(e4., Faucher-Giguere et al. 2011

ast for the halo)
e \Voort et al. 2011)
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Take away

e Halo mass sets the stage:
e gsets stellar masses, average growth rates, average SFR,
formation of virial shocks etc.

e put halo growth rate is crucial, too:
e influences SF / quiescent nature of galaxies at z~2
e gslow halo growth is necessary requirement for quiescence
(‘cosmological starvation”)
e quickly growing halos always host Sk galaxies

e 2 ways to get slowly growing halos:
e galaxies residing in somewhat under-dense regions
e galaxies residing near massive neighibors

e stellar feedback can affect the short-time SER (~dyn. time of a galaxy)
* cven SE galaxies can have SFR suppressed for ~100 Myr but then recover

e contributes to scatter in Mstar— SFR
e [ikely essential to lower sSFR to very low values in quiescent galaxies
(lout AGN feedback could also play that role)
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| Mswe ~ *» Gosmological, hydrodynamical zoom-in sims (GIZMO/P-SPH)

" 3. - -
£ ror M, R
B i b e S g . -.‘ .

. i. = 4
. Feedback In Realistic Environment$

300,000 I.y.

R. Feldmann
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Masswe ~ » Cosmological, hydrodynamical zoom-in sims (GIZMO/P-SPH)
" E - ¢ 40 galaxies in halos ~102- 3x10' Mo at z=2

o Hi | resolution: ~10 pc, ~ few 10* M@

In logally bound, dens‘

. steII ar feedback mclud

* N0 eneryy / momentum injection from
supermassive black holes

e Same physics as sims nted in Phil’s & Andrew’s talks

l']

300,000 L.y. g
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Validation of the physical model

e properties of galaxies in today’s Universe, e.g., relations between

star formation rate, gas content, mass-metallicity relation
(e.g. Hopkins et al. 2014, Ma et al. 2016)

e properties of outflows driven by stellar energy/momentum injection
(Muratov et al. 2015)

 Variability of the star formation rate in galaxies
(Sparre et al. 2016)

 covering fractions of neutral hydrogen in massive halos
(Faucher-Giguere et al. 2015, 2016)

* presence of large star forming clumps in massive, young galaxies
(Oklopcic et al. submitted)

e Soft X-ray emission, Sunyaev-Zel’dovich signal

(van de Voort et al. submitted)

e Kennicutt-Schmidt relation
(e.g. Hopkins et al. 2014, Orr et al. in prep)

w
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Stellar mass - halo mass relation at z~2-9

comparison with Moster et al. 2013
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* used to be challenge for galaxy formation simulations (“overcooling”)
* reasonably agreement, also scatter (~0.2 dex)

* galaxies evolve more or less along the relation
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Star forming and quiescent galaxies

e SF/Quiescent
classification
based on U-V, V-J
colors (from mock
images)

e matches well the split
of galaxies into those
MassiveFIRE on and those below

¢ Star forming the SF sequence
¢ Quiescent

Schreiber et al. 2015
----- — z=2

----- = z=1.7

.O..I 1 1 T T S T S T

1010 1011

galaxy stellar mass [ solar masses |

RF et al. 2016 MNRAS

-
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SF histories

Schreiber+15 | i Schreiber+15 |
sSFR 7 I sSFR 1

ID 223:0
SF

SSFR [ Gyr ™' ]
SSFR [ Gyr™ ']

3.7
S @A 1.

25 . : 15 2 25
time [ Gyr ] time [ Gyr ]
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Quiescent galaxies in our simulations vs Nature

(Caveats)

Our simulated quiescent galaxies:

* Are moderately massive (Iog Msta/Me~10-11)

* Have SFR of a factor ~10 below the SF
seguence but are not fully “quenched”

* Are not as red in U-V as some observed
massive Q galaxies at z~2 (perhaps
because of lower mass, missing physics?)

e Often contain a non-negligible amount of dust (Av ~ 0.3-0.5), but
much less than SF galaxies (Av ~ 1-1.5)

e Galaxy properties computed without complete forward modeling
of observations (PSF, resolution, source extraction etc.)

-
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Star forming

MassiveFIRE
z=1.7 m
z=2.0 ¢

High resolution ¢
Medium resolution ¢

Centrals ¢
Satellites ¢




Measuring galaxy properties with mock observations

Simulated UV| Mock Obs, z~2

face-on

A
R. Feldmann, Pathways of Galaxy Transformation, Catalina Island, August 2016

Price et al. in prep

Mock WFC3 images:

® Artificially redshift

® Convolve with
CANDELS FI60VV PSF

® Add average-depth
CANDELS noise

Multiple projections for
each simulated galaxy,
multiple filters/projection
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Measuring galaxy properties with mock observations

M*/L from color gradients
(Szomoru+13)

Median Sersic index n
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Price et al. in prep

e Half-mass sizes inferred from observations biased relative to true sizes

»
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Growth history of halos and galaxies

Quiescent galaxy Star forming galaxy

—0.05Mpy ] - fitted growth rates [X, R]: dInMx(< R)/dz ID 223:0 A

My 5x 10K ] L [DM, Ry s 1.49 SF
] L [stars + gas< 1.5 x 10*K, 0.1 Ryi,]: 1.67

L [stars, 0.1 Ryi,|: 2.24

N\

Mstar
_Mgas§1.5><104K
a3 _0-05MDM
I —— My ar<1.5x 10K

Mstar

_Mgas§1.5><104K

- fitted growth rates [X, R]: dInMx(< R)/dz
- [DM, Ryi,]: 0.54

- [stars + gas< 1.5 x 109K, 0.1 R;,]: 0.14
 [stars, 0.1 Ryiy]: 0.24

2 3 4

M(t) x e~ 7#(t) [1 4 Z(t)]ﬁ * “smoothes out” individual mergers
* estimate growth rates at z=2

»
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Halo growth vs Galaxy growth

B Star forming
@® Quiescent

¢ Centrals
{ Satellites

Iog10 Mstar
¢ 10
¢ 10.5
¢ 11
O 11.5
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stronger baryon growth

stronger DM growth

dInMpn (< Ryir)/dt [ Gyr=!] see also RF & Mayer 2015

dark matter halo growth

* ) galaxies reside preferentially in halos with low specific growth rates
* Physical Interpretation: low growth rate => low gas accretion rate => low sSFR

galaxy growth (stellar + gas mass)

A
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Cosmological Starvation
* split central galaxies into SF / Q or into those fast / slowly growing halos

RF et al. in prep

Q / SF split Halo growth rate split
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§_0 All progenitors

L ¢ All progenitors
"~ | @ Quiescent at z=1.7-2

' _. low dlnMDM/dt (S 0.3 Gyrfl) atz=1.9

* Progenitors of Q galaxies and those in slowly growing halos at z~2:
e have lower sSFR, higher Mstar, higher Mnaio already much earlier times
e Q/SF-iness of a galaxy is, on average, related to long-term growth processes

' -
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Let’s do the numbers
Model: Quiescent galaxies are those with d In Mhalo / dt < X crit

Ic)g1OI\/|star[|\/|sun]
10.5 10.8 11 11.1

--—-Tomczak et al. 2014
Muzzin et al. 2013

“® MassiveFIRE (hydro) simulations
— N-body simulation + analytic model

simulations -
model observation

l

guiescent fraction

13 13.5
log, oM, [Mg,,.] RF et al. 2016 MNRAS

vir

e good agreement for moderately massive galaxies (~few 10'° Mo)

 perhaps underpredict quiescent fraction at large masses (> 10" Mo)
but not sufficient statistics, AGN feedback needed?

»
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Environments of massive galaxies

w
o

2
O
S
Q
3
3
=
RS
o)
V
RS
V
S
<
<
-l
>
=
n
c
Q
O

low 3
density

10°
high density  Hill radius [ R, ]

»
R. Feldmann, Pathways of Galaxy Transformation, Catalina Island, August 2016

MassiveFIRE
z=1.7 m

zZ=2 @

z=3 A

Star forming ¢
Quiescent ¢

low density Feldmann et al. in prep
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Environments of massive galaxies

high

density | MassiveFIRE

z=1.7 m

Z=2 @
100 2=3 A

Star forming ¢
Quiescent ¢
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* Progenitors of Q central galaxies often reside in less dense regions
e But can also become Q near massive neighbor (small Hill radius)

»
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Summary

e [atest generation cosmological simulations have overcome many
challenges that used to limit predictive power: Mstar — Mhaio, Mstar— SFR, ...

e sims contain Sk and quiescent central galaxies (UVJ classification) in
massive halos at z~2 without AGN feedback

e halo growth rate influences SE / quiescent nature of galaxies:
* slow halo growth is necessary requirement for quiescence
(“cosmological starvation”)
e quickly growing halos always host Sk galaxies

e 2 ways to get slowly growing nalos:
e galaxies residing in somewhat under-dense regions
e galaxies residing near massive neignhbors

e stellar feedback can affect the short-time SER (~dyn. time of a galaxy)
e cven Sk galaxies can have SFR suppressed for ~100 Myr but then recover
e contributes to scatter in Mstar — SFR
e probably allows some guiescent galaxies to reach very low sSFR

Thank you

bl
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