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Introduction

age universe (Gyr): Tomczak et al. (2014)
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e 90% of stars formed between z=3 and z=0

e 50% of stars formed between z=| and z=0

e Most stars form in L* galaxies (5 x 10'? Msol) at all z<3

e SF-ing L* galaxies are disk-dominated at all z<3

Redshift Log(M™)

0.20 < z < 0.50 10.59 £+ 0.09
0.50 <z < 0.75 10.65 + 0.23
0.75 < z < 1.00 10.56 £0.13
1.00 <z < 1.25 10.44 + 0.11
1.25 <z < 1.50 10.69 £ 0.12
1.50 < z < 2.00 10.59 £ 0.10
2.00 < z < 2.50 10.58 + 0.18
2.50 < z < 3.00 10.61 & 0.22

Tomczak et al. (2014)



Introduction

z=1.5-2 L* SF-ing galaxies — CANDELS
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Introduction

* 90% of stars formed between z=3 and z=0

* 50% of stars formed between z=1 and z=0

e Most stars form in L* galaxies (4 x 10'° Msol) at all z<3

e SF-ing L* galaxies are disk-dominated at all z<3

* Many stars end up in kinematically "hot’ systems



Introduction

* 90% of stars formed between z=3 and z=0
* 50%

The challenge is that we cannot connect
e Mo high-redshift progenitors to
| low-redshift descendants

e SF-i

* Many stars end up in kinematically "hot’ systems




LEGA-C: science drivers

* Star-formation histories of individual galaxies
* Growth of disk galaxies

* The path to passiveness (quenching)

* Maintaining passiveness

* Growth through merging



LEGA-C: science drivers

* Star-formation histories of individual galaxies
* Growth of disk galaxies

* The path to passiveness (quenching)

* Maintaining passiveness

* Growth through merging

Answers through high-quality spectroscopy of many distant galaxies:
— Stellar populations (star-formation histories)
— Stellar dynamics



LEGA-C: a VLT/VIMOS Public Survey

Large Early Galaxy Astrophysics Census (van derWel et al. 2016)
COSMOS/Ultra- VISTA f‘eld

* |28 night allocation

* December ’14 - Spring ’| 8

e R =3000, x = 6000 - 9000 A

e >3000 galaxies at 0.6 <z < 1.0

* 20h integrations; typical S/N=20/A o15F

* DRI in September 2016
* DR2 in September 2017
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LEGA-C: a VLT/VIMOS Public Survey
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The current sample : 1550 galaxies
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Outline

* Introduction & the LEGA-C survey
e Stellar populations at z~|

* Integrated gas vs. stellar dynamics
e Spatially resolved kinematics

* Dynamical modeling



Stellar Populations

EW(HJ) (A)
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LEGA-C:Wu, van der Wel et al., in prep.
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Stellar Populations

logM>10.3 . 10| BN LEGA-C ||
0 al —  SDSS
—-9.2 —
== 6
o4 S T 4
~9.6 § g 2¢ -
~9.8 w - Of e
-2 N
—10.0 ~=-2/
_4_ < \~_:¢, _
1.21.41.61.82.02.2 1.2 1.4 1.6 1.8 2.0 2.
Dn4000 Dn4000

SDSS: Kauffmann+03

LEGA-C:Wu, van der Wel et al., in prep.



Flux [10 Yergstem 2A™"]

60|
50|
a0l
30|
20|

10F

—10¢}+

Stellar Populations

Measure SFHSs of individual galaxies

T , T B .|
— Obs. Spectrum X' =2.84 log(M[M;]) = 10.6 ID: 210003
_ Model E(B-V), = 0.53 log(L[L.]) = 11.5 z=0.74
oae E(B-V), =0.01  Age,,[Gyr] = 3.97 |
A M
| PN AW AN M A 2 NAY
\ L A A N ,frv N i\ FANSY A n
AN s P AR T\ /'Y AR S B Al '
M ﬁ“\‘ M / ) v |
\ f \
)
‘ 40
5 30
~
©
E 20
é 10 ! ]]_ : : I ] ................. I .................
. I*II '_I_' "I-I ________________ I
6 8 10 12 14
. . Lookback [Gyr] , .
4000 4200 4400 4600 4800

Wavelength A

Chauke, van der Wel et al., in prep.



Outline

* Introduction & the LEGA-C survey
e Stellar populations at z~|

* Integrated gas vs. stellar dynamics
e Spatially resolved kinematics

* Dynamical modeling



o
o0

Faber-Jackson relations

D 0 g
b9 + o)
T L T

g
o
—

.
o))
—

log Stellar Velocity Dispersion (km/s)

t—k
N
—T—

-
]

[E—
oo
T ’\"

Scatter =

0.11 dex

Mean (all galaxies)
Mean (with emission lines)

! |
£

Fit to o, (all galaxies) B

Fit to o, (with emission lines)

Fit to 0,4, (with emission lines) | |

O
W

10.0

105 110 115 12.0
log Stellar Mass [M ]

2.8

= = ™ N g g
o) oo - (N + o)
T —N T T —T T

log Gas Velocity Dispersion (km/s)

t—k
AN
—T—

Scatter = 0.19 dex

o% ¢
N4
.9,9
1-;_{-‘
7 SR )
) e N [
f , by
e T il
o0, 02000 TS (O5S
O () Arieipobin Shedorir’ L bey (]
O S L5 IBATERIOMA X0 s
7S ) —-.‘ ;é =0T () o, 0n
()7~ ) 9) . - A X ) 'CH0)
(J » 00 oMlie o1
O &2 U spie BNl 4y eie, Lo lIp in
p ( ‘ﬁl'. .1‘__|- J'A"-!.‘ l.. O
. Son IF:' 0 ; °
J AR 0
P 0 O & '
' % = o6 Or &
() ."‘. .ll.f: X Oy § §
y ol ’.
oo .F O O
e
O
O - o) %

] T . . ]

Bezanson, van der Wel et al., in prep.

05

100 105 110
log Stellar Mass [M ]

115




log Stellar Velocity Dispersion (km/s)

Faber-Jackson relations
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Low gas dispersions are suspect

1.2

16 18 20 22

log (Gas Velocity Dispersion [km/s])

Bezanson, van der Wel et al., in prep.



Low gas dispersions are suspect
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log (Stellar Velocity Dispersion [km/s]) .
Bezanson, van der Wel et al., in prep.



Low gas dispersions are suspect
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Low gas dispersions are suspect

1.2 1.4 1.6 1.8 2.0 2.2 24 R Ty Wt I,
log (Gas Velocity Dispersion [km/s]) RIS O B S i T R O
100 ! T ! I T T T T T T T g . LA .

—1.0 [ . . | . . . | . . . | . . . | . . .
1.4 1.6 1.8 2.0 2.2 2.4

log (Stellar Velocity Dispersion [km/s]) .
Bezanson, van der Wel et al., in prep.



Outline

* Introduction & the LEGA-C survey
e Stellar populations at z~|
* Integrated gas vs. stellar dynamics

e Spatially resolved kinematics

* Dynamical modeling



Spatially Resolved Kinematics
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Spatially Resolved Kinematics

stars
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z = 0.66
Mstar = 1.3 x 10!! Msol
SFR = 6 Msol/yr

Spatially Resolved Kinematics
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Spatially Resolved Kinematics
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Spatially Resolved Kinematics

e —— Best fit template from Miles templates + emission lines at z=0.746
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Spatially Resolved Kinematics

stars
gas
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Spatially Resolved Kinematics

What do we do with it?

— Tully-Fisher relation of emission lines galaxies

see next talk by Caroline Straatman

— Stellar rotation

Bezanson, van der Wel et al., subm.

— Dynamical modeling

van Houdt, van der Wel et al,, in prep.
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Stellar rotation distribution

®  Quiescent

¢  Star-forming | I

(@)
.q ° :
11.0 11.5 0 10 20
log Stellar Mass [M | N

Bezanson, van der Wel et al.



Velocity (dispersion) [km/s]

Stellar rotation in massive, passive galaxies
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Velocity (dispersion) [km/s]

Stellar rotation in massive, passive galaxies
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Stellar rotation in passive galaxies
CALIFA: z~0 (Sanchez+12)  LEGA-C:z~0.8
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Previous work: 25 z~1 ellipticals (van der Wel+08)
2 z~2 lensed galaxies (Newman+|5; Toft+17)



Stellar rotation in passive galaxies

CALIFA: z~0 (Sanchez+12)  LEGA-C:z~0.8
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The decrease in rotational support implies
significant merging activity

Previous work: 25 z~1 ellipticals (van der Wel+08)
2 z~2 lensed galaxies (Newman+|5; Toft+17)



Stellar rotation in passive galaxies

How we (mis-)treated the CALIFA data...
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"NGC 2916

Recall Alfred Tiley’s talk




Stellar rotation in passive galaxies

How we (mis-)treated the CALIFA data...
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z=0.75
Mstar = 9 x 10!% Msol
SFR = 6 Msol/yr

Dynamical modeling
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Dynamical modeling
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Free parameters:

e MGE stellar mass
e NFW dark matter
* Inclination

* Anisotropy

M=27x 10! Msol
(VS / O-O)intr — |3

Dynamical modeling

300

_\
[ ¢

| Jeans axisymmetric model
(Cappellaril 2 software)

~10 _5 0 5 10
R [kpc]



Virial mass — k(n) Reff 02/G — vs.
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Jeans mass (stellar component) vs. stellar mass
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Takeaway points

* LEGA-C aims at characterizing the ages/kinematics of stars in z~| galaxies
* Integrated gas velocity dispersions are not always a proxy for galaxy mass
* Passive galaxies at z~| rotate faster than their present-day descendants

* We are beginning to dissect the radial distribution of stellar and dark matter



