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The mystery of SO’s
e Red and dead
e Spiral — Elliptical transition?
e Dispersion supported bulge

e Rotationally supported disk

By NASA, ESA, and The Hubble Heritage Team (STScl/AURA)



Possible formation mechanisms

1) Ram Pressure 18088 = 1S 440D
Stripping .
e Hot halo gas removed

e Obliteration of cold gas
disk

e Evidence in NGC4402
(Crowl et al., 2005)

e Fast SFR shutdown
(<1Gyr)
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Possible formation mechanisms

2) Strangulation

e Subject to strong tidal
forces

e Loss of gas
replenishment

e Continues SF, raising
metallicity

e Gradual SFR

shutdown ' ; : 10.0 10.5
stellar mass

Peng et al., 2015



Possible formation mechanisms

3) Harassment
e Dense cluster environment

e Fly-bys transport gas to
core

e Stochastic rapid SFR
increase, then shutdown
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Possible formation mechanisms
4) Major mergers y
e Massive gas relocation
e Destruction of coherent

disk
e Huge SFR spike, then

shutdown

P Weilbacher (AIP), NASA, ESA, the Hubble Heritage



Possible formation mechanisms

e Signatures for all formation
mechanisms

e Polluted by merger history

Mass Fraction

e Hasto be
disentangled
from SHF

6 8
Age (Gyr)




Three phase project

Phase 1: EAGLE Cosmological simulations
Phase 2: SDSS pipeline for SFH and ex-situ population extraction

Phase 3: Ex-situ population maps of resolved galaxies using MUSE

Schaye et aI 2014



Phase 1 - The EAGLE simulations schaye et al. (2015); Crain
et al. (2015).

e 100cMpc® volume, 2x1504°
particles

e 25cMpc? reference volume,
2x752° particles

e Origin of stellar particles traced
through merger tree

e Final z=0 snapshot considered

e More than 160'000 galaxies of
M>109M®



https://docs.google.com/file/d/1Ugu7Wm2ngX4PNfDIBFSg7p9Anlf8UsD5/preview

Bl RecalLO025N0752
RefLO100N1504

Building a sample =

e Minimum 500 stellar particles

Number

e (Galaxies divided red and blue sequence
using

Red Sequence

e Shown to be effective in Correa et al.
(2017)

e i, >0.4=Blue Sequence
Blue Sequence

e x_ <0.4=Red Sequence n=300

S NN N o T

1, L. ;>0 Logio Mass (Mo)

(%)
Q
2

(=]

~
(o))
=
0
=
©
©
o
)
0
©
=
—
©
I




EAGLE Median (All EAGLE) 4 Hirschmann+ 2015 (no winds)
—— Clauwens + 2018 (EAGLE) 4 Hirschmann+ 2015 (winds)
~—— RG+ 2016 Median (lllustris-1) ¥ Dubois+ 2013 (no AGN)

i i ¢ Zhu+ 2016 #~ Dubois+ 2013 (AGN)
EX-SItu fraCtlonS * Pillepich+ 2015 Lee+ 2013 (SAM)

X
Oser+ 2010 A Lackner+ 2012

e At M>10"“M_ex-situ fraction

> 80% for red sequence 0.81
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Improved situ tracing gives :
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Ex-situ fractions

e At all masses, ex-situ
fraction increases with
radius

e Constant increase for
low-mass sample
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e Plateau after half-mass

: : f 11 _qel2
radius for massive sample TR IRl destinde

— M, [M] 1e10 - 111
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e Clear example of — M. [Mo] 1€ - 110
two-phase assembly

r/rosm



Ex-situ fractions

Trends with density

More diffuse galaxies
have higher ex-situ
fractions

Separation appears
after M>2x10°M_

Ex-situ Fraction

0.8

0.7 A

0.6

0.5

2
S

0.3

0.2

0.1

Rp.z2 10g10(kpc) Rp.;2 10910(kpc)

Rp.2 10g10(kpc)

1.0

102 A
f within rmy2 f within rm2
0.8 1
c
0
‘g 0.6 1 —— Upper Tercile
10! 4 = —— Middle Ter§ile
£ 0.4{ — Lower Tercile
&
0.2 1
10° 0.0
102 4 1.0
f>2rmip
0.8 A
c
8
E 0.6 A
10* A 2 B 3
- n 0.41
3 w
’ 0.2 -
10° T T T T 0.0
102 0
f within 30kpc f within 30kpc
0.8 A
~S&s | S
§ 0.6 A
10? A 3
»n 0.4
x
w
0.2 A
10° T T T T 0.0 T T T T
8 9 10 11 12 8 9 10 11

M. logio(Mo)

M. |0910(MO)

12



Ex-situ fraction

e More massive halos contain
galaxies with lower ex-situ
fractions

Possible result of high pasing
velocities, e.g. model fitting of
ISM in Gu et al. 2018

Alternatively result of survivor
bias, massive clusters form
efficiently, thus contain less
subhalos
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Two phase build-up

e Clear evidence of two-phase formation
history

e After M>10"°M_ accreted material
extends galaxy, reducing surface
brightness
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Predictions for observers

Red Sequence Galaxies Blue Sequence Galaxies
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a S e 2 ] S D S S g a I aXI e S J082629.74+153952.4 J154302.17+383937.7 J132327.95+125509.5 J084847.94+574705.3 J080716.59+161121.3

e Extracting ex-situ fractions and SFH
of real galaxies

J152914.05+165223.6 ‘J150432.15+482413.9 J025325.56-071902.5 J080532.76+373300.6 J230332.34+131251.3
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e |mplementing new regularisation : : : '
technique for full spectral fitting

J113237.47+532759.4 J122309.59+103247 J110737.24+130517.2 J112413.68+123953.8 J151856.19+210331.4
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Building a sample

e Query to SDSS removes
high Ha flux sources
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e Cuton green valley

e 63’937 targets remaining
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Limiting by light-fraction
e Light fraction limited to 12.5%
and 50%

e Gives radial information on
galaxies

e 1’925 and 825 galaxies in each
sample respectively
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Voronoi binning

e Bin to required signal to noise

e SN>200 | " “‘
e Average single target SN, ~11 ' ooy d-b
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e Treat spaxel as single object
&

Radius logip(Kpc)

e Sum spectra

Mass: logip(Mo)




Full Spectral flttlng - PPXF (Cappellari & Emsellem, 2004.
Cappellari, 2016)

e Combination of single stellar
population models fit to
spectrum

Relative Flux

520
Wavelength (nm)

e Age-metallicity of models

Weights Fraction
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e Gives SFH e T T
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Regularisation

Optimal regularisation gives
most accurate weight
distributions

Monte-Carlo used for
optimisation

Implementation of third order
regularisation (Boker et al,
2019)
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Voronoi with weights

e Highlights trends across
mass-size plane

e \lertical trends for ex-situ
fraction

e Similar to trends in galaxy
extent seen in EAGLE

o
[
M
(%]
2
]
[
o

9.0

12.5% light fraction

9.5 10.0 10.5
Mass: logio(Mo)

11.0

11.5

12.0

on

Ex-situ Fract




Phase 3 - Resolved galaxies

e Ongoing work

e Application of method to resolved
objects with MUSE

e Same binning and extraction
methods

e |[nfers SFH and ex-situ locations

e (Can be used to map ex-situ
population across galaxies



End of project expectations

e Predictions of ex-situ fractions from EAGLE

e Observations of ex-situ population fraction as function of mass-size plane
e Pipeline to map populations of ex-situ stars across resolved galaxies

e Extraction of accurate SFH of galaxies

e Identification of SO galaxy formation mechanisms







