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Introduction

Figure 11. Growth in the star-forming (left) and quiescent (right) SMFs relative to the z ≈ 0 star-forming and quiesc
regions show 1σ Poisson and SED-fitting uncertainties. Cosmic variance uncertainties are neglected for clarity but
interval here at z ! 0.4 has been chosen to span roughly 1.2 Gyr of galaxy evolution. We find that the growth in
remarkably uniform at Log(M/M⊙ ) < 10. The quiescent SMF, however, exhibits a rapid increase toward lower st
quiescent, galaxies increase in number by a factor of 15–30, whereas star-forming galaxies increase by only a facto
growth rates, star-forming galaxies still remain the dominant population at low masses at all redshifts.
(A color version of this figure is available in the online journal.)
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Figure 12. Cosmic stellar mass densities as a function of redshift evaluated from the best-fit Schechter functions t
quiescent SMFs (right). We show the total stellar mass density (integrated over 9 < Log(M/M⊙ ) <13) with 1σ uncerta
on our SMFs. Other symbols show results from previous works from deep NIR surveys: Moustakas et al. (2013, b
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The challenge is that we cannot connect
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• Maintaining passiveness
• Growth through merging
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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 der Wel et al. 2016)
COSMOS/Ultra-VISTA field
• 128 night allocation
• December ’14 - Spring ’18
• R = 3000, λ = 6000 - 9000 Å

• >3000 galaxies at 0.6 < z < 1.0
• 20h integrations; typical S/N=20/Å
• DR1 in September 2016
• DR2 in September 2017

LEGA-C: a VLT/VIMOS Public Survey
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Spectral decomposition
𝜎star = 222+/- 6 km/s
𝜎star = 152+/-10 km/s
𝜎gas = —
𝜎gas = 165+/-2 km/s

Figure 2. LEGA-C spectra of a star-forming galaxy (ID: XXXXXXX, top panel) and a quiescent galaxy (ID: YYYYY
bottom panel). All galaxies are fit with a combination of stellar population templates (red) to model the continuum a
gaussian emission lines (blue) to model ionized gas lines, the combined fit is indicated by a purple line. The ACS F814W ima
of each galaxy is included in the upper right corner and emission and absorption features are labeled with vertical lines.

continuum) in the optimally extracted one-dimensional
spectra. This modeling utilizes the python version of the
Penalized Pixel-Fitting (pPXF) software (Cappellari &
Emsellem 2004). This fitting software allows for modelng of galaxy spectra as a combination of one or more
stellar or stellar population templates and emission lines
convolved with a gaussian broadening as well as multi-

fits using empirical-based Vazdekis (1999) templates
within XX%.
Gas velocity dispersions are measured from the wid
of a combination of emission lines ([NeV], [NeVI], H1
H9, H8, H✏, H , H , H ,H↵, [OII] doublet, [NeIII], [S
doublet, [OIII], and [NI], depending on the waveleng
coverage). The normalization of each line is allowed
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Chauke, van der Wel et al., in prep.
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Faber-Jackson relations
Bezanson et al.

e 4. Mass Faber-Jackson relations for the full LEGA-C Y1+2 sample. Galaxies fit with emission and absor
Bezanson, van der Wel et al., in prep.
dicated by open symbols, those with only absorption are filled circles. Left panel shows the relation for vel
red from the absorption features and the right panel for emission features. In each panel solid blue lin
g mean values in bins and gray filled bands indicate the standard deviation in each bin with greater than
t mass FJ relations to ? (black solid line) to g (dotted black line) are shown in each panel and are very sim
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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.

V5 / σ0

z = 0.75
Mstar = 9 x 1010 Msol
SFR = 6 Msol/yr

V5 / σ0 = 135/185 = 0.73
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Figure 6. Observed rotational support of LEGA-C galaxies
versus stellar mass for star-forming (blue diamonds) and qui-

Th
surve

Velocity (dispersion) [km/s]

4

Stellar rotation Bezanson
in massive,
galaxies
and van der passive
Wel et al.

Position [arcsec]

Bezanson, van der Wel et al.

Figure 2. Stellar rotation curves (black) and velocity dispersion profiles (red) for the 35 highest mass (log M⇤ /M > 11) quie
galaxies, ordered by ascending velocity. The rotational velocity is defined as the velocity of the best-fitting arctangent function at a r
of 5 kpc from the central pixel. Rotational support can be visually estimated for each galaxy by comparing the vertical height of the
band with the central velocity dispersion (central red symbol).
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Figure 2. Stellar rotation curves (black) and velocity dispersion profiles (red) for the 35 highest mass (log M⇤ /M > 11) quie
galaxies, ordered by ascending velocity. The rotational velocity is defined as the velocity of the best-fitting arctangent function at a r
of 5 kpc from the central pixel. Rotational support can be visually estimated for each galaxy by comparing the vertical height of the
band with the central velocity dispersion (central red symbol).

than CALIFA galaxies at fixed mass. However, when compared to more massive descend
galaxies at z ⇠ 0.8 exhibit 50 100% higher rotational support than local galaxies.

Stellar rotation in passive galaxies
(Sanchez+12)

Figure 13. Rotational support ((V5 / 0 )⇤) versus central velocity dispersion ( 0 ) for the
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Stellar rotation in passive galaxies
How we (mis-)treated the CALIFA data…

Recall Alfred Tiley’s talk

Stellar rotation in passive galaxies
How we (mis-)treated the CALIFA data…

Figure 14. (Continued) Stellar rotation curves (black) and velocity dispersion profiles (red) for the lowest mass quiescent
alaxies in CALIFA, ordered by ascending velocity.

Figure 14. (Continued) Stellar rotation curves (b
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Dynamical modeling
Free parameters:
•
•
•
•

MGE stellar mass
NFW dark matter
Inclination
Anisotropy

M = 2.7 x 1011 Msol
(V5 / σ0)intr = 1.3

Jeans axisymmetric model
(Cappellari12 software)

Virial mass — k(n) Reff σ2/G — vs. stellar mass

Jeans mass vs. virial mass

Jeans mass (stellar component) vs. stellar mass

Takeaway points
• LEGA-C aims at characterizing the ages/kinematics of stars in z~1 galaxies
• Integrated gas velocity dispersions are not always a proxy for galaxy mass
• Passive galaxies at z~1 rotate faster than their present-day descendants
• We are beginning to dissect the radial distribution of stellar and dark matter

