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CENTRAL QUESTION
How do galaxies assemble their stellar bodies?

Collection of large samples at large lookback times

• Redshift surveys
• Multi-wavelength photometric surveys
• Hubble Space Telescope imaging surveys
• Deep spectroscopic surveys?
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EVOLUTION OF THE MASS FUNCTION8

Fig. 6.— Top panels: The SMFs of all galaxies in different redshift bins from 0.2 < z < 4.0. The black points represent the SMFs
determined using the 1/Vmax method and the black solid curves are the SMFs determined using the maximum-likelihood method. The
gray shaded regions represent the total 1σ uncertainties of the maximum-likelihood analysis, including cosmic variance and the errors from
photometric uncertainties as derived from the MC simulations. Overplotted in the 0.2 < z < 0.5 bin are the SMFs from Cole et al. (2001),
Bell et al. (2003), and Baldry et al. (2012). In the remaining redshift bins the dotted curve is the total SMF from UltraVISTA in the 0.2
< z < 0.5 bin. Middle panels: SMFs as with the top panels, but for the quiescent galaxies (red points, red solid curves) and star-forming
galaxies (blue points, blue solid curve). The orange and cyan shaded regions represent the total 1σ uncertainties of the maximum-likelihood
analysis for quiescent and star-forming galaxies, respectively. Bottom panels: Fraction of quiescent galaxies as a function of Mstar.

8

Fig. 6.— Top panels: The SMFs of all galaxies in different redshift bins from 0.2 < z < 4.0. The black points represent the SMFs
determined using the 1/Vmax method and the black solid curves are the SMFs determined using the maximum-likelihood method. The
gray shaded regions represent the total 1σ uncertainties of the maximum-likelihood analysis, including cosmic variance and the errors from
photometric uncertainties as derived from the MC simulations. Overplotted in the 0.2 < z < 0.5 bin are the SMFs from Cole et al. (2001),
Bell et al. (2003), and Baldry et al. (2012). In the remaining redshift bins the dotted curve is the total SMF from UltraVISTA in the 0.2
< z < 0.5 bin. Middle panels: SMFs as with the top panels, but for the quiescent galaxies (red points, red solid curves) and star-forming
galaxies (blue points, blue solid curve). The orange and cyan shaded regions represent the total 1σ uncertainties of the maximum-likelihood
analysis for quiescent and star-forming galaxies, respectively. Bottom panels: Fraction of quiescent galaxies as a function of Mstar.

8

Fig. 6.— Top panels: The SMFs of all galaxies in different redshift bins from 0.2 < z < 4.0. The black points represent the SMFs
determined using the 1/Vmax method and the black solid curves are the SMFs determined using the maximum-likelihood method. The
gray shaded regions represent the total 1σ uncertainties of the maximum-likelihood analysis, including cosmic variance and the errors from
photometric uncertainties as derived from the MC simulations. Overplotted in the 0.2 < z < 0.5 bin are the SMFs from Cole et al. (2001),
Bell et al. (2003), and Baldry et al. (2012). In the remaining redshift bins the dotted curve is the total SMF from UltraVISTA in the 0.2
< z < 0.5 bin. Middle panels: SMFs as with the top panels, but for the quiescent galaxies (red points, red solid curves) and star-forming
galaxies (blue points, blue solid curve). The orange and cyan shaded regions represent the total 1σ uncertainties of the maximum-likelihood
analysis for quiescent and star-forming galaxies, respectively. Bottom panels: Fraction of quiescent galaxies as a function of Mstar.

UltraVISTA: adapted from Muzzin et al. 2013
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How do galaxies assemble their stellar bodies?
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EVOLUTION OF THE SIZE DISTRIBUTION

CANDELS + 3D-HST: van der Wel et al. 2014

Not weather!



WHERE WE ARE NOW

• No change in M* (in Schechter) over 10 Gyr
• Evolution in number density
• Quenching
• Star formation inside-out
• Assembly through merging

Boundary conditions for models -- qualitative understandingBut we don’t know how individual galaxies evolve
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Stellar velocity dispersions
Stellar ages & chemical composition



• LEGA-C : Large Early Galaxy Astrophysics Census
• Public ESO survey at VLT / VIMOS: 128 nights
• Observations: December 2014 - Spring 2018(?)
• 1.7 square degrees in UltraVISTA-COSMOS field
• R = 3000, λ = 6000 - 9000 Å
• Primary sample 2500 galaxies: 0.6 < z < 1.0, K-band sel.
• 20h integrations in MOS mode; typical S/N=20/Å
• Yearly releases of spectra ; value added catalogs



ESO Survey Management Plan Form Phase 1

Figure 2: Stellar mass-color (left) and color-color (right) distribution of the K-band selected target sample (black and
red points) from the COSMOS/UltraVISTA catalog (Muzzin et al. 2013, ApJS 206, 8) at z = 0.6� 1.0. The light gray
points show the full COSMOS/UltraVISTA catalog (without the K-band magnitude limit). The red points are those
who have been assigned slits in our mask designs. The targets span a wide range in mass and color. The color dispersion
is primarily due to age di�erences and variation in dust properties, as labeled in the right-hand panel. A population of
passive galaxies is well-defined in color-color space due to the Balmer/4000Å break traced by the U � V color.

Figure 3: Left: Distribution of S/N vs. redshift in our galaxies in our sample. The points represent the parent sample;
the red points are those that will be observed. The top, inset panel shows the cumulative number of galaxies as a function
of minimum S/N , black for the parent sample, red for the survey sample. Right: Rest-frame wavelength range for the
spectra of the survey sample. The variation at fixed redshift is due to the variation in slit position. Vertical lines indicate
the location of important spectral features.
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WHO ARE WE?

Survey Manager: Kai Noeske (MPIA)
Survey Scientist: Anna Gallazzi (Arcetri)
Survey Scientist: Rachel Bezanson (Arizona) 

Eric Bell (Michigan)
Gabriel Brammer (STScI)
Stephane Charlot (IA Paris)
Marijn Franx (Leiden)
Ivo Labbe (Leiden)
Michael Maseda (MPIA)
Juan Carlos Munoz (ESO)
Adam Muzzin (Leiden)

Camilla Pacifici (Yonsei) Hans-
Walter Rix (MPIA)
David Sobral (Lisbon)
Jesse van de Sande (Leiden)
Ros Skelton (Capetown)
Pieter van Dokkum (Yale)
Vivienne Wild (St. Andrews)
Christian Wolf (ASU)

PI:  Arjen van der Wel (MPIA)
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- new physical information for 1000s of galaxies at large lookback time

- new avenues to reconstruct the assembly of stellar bodies

LEGA-C will provide



B-band photometry described in x 2.2 is fitted with the projection
of a parameterized, oblate axisymmetric, constant axial ratio lu-
minosity distribution. The results of the modeling are fairly in-
sensitive to variations in the unknown inclination (van der Marel
& vanDokkum 2007a, 2007b). In the discussion belowwe adopt
for each galaxy the inclination angle that is most likely, given the
probability distribution of intrinsic axial ratios derived from large
galaxy catalogs of the local universe.

Given the three-dimensional luminosity density, the Jeans equa-
tions are solved under the assumptions of a constant M /L and a

two-integral distribution function f ¼ f (E; Lz), where E is the
energy and Lz the angular momentum around the symmetry axis.
Themodels have v2R " v2z , so their velocity distribution is isotropic
in the meridional plane. The ratio of v2! to v

2
R is determined by the

requirement of hydrostatic equilibrium. The second azimuthal
velocity moment is split into mean and random components ac-
cording to the convenient parameterization

v! ¼ k v2! # v2R

! "1=2
: ð1Þ

Fig. 1.—Profiles of mean velocity v for 25 field early-type galaxies at redshifts 0:6 < z < 1:2. The points indicate the measured velocity at each spatial pixel in the
spectroscopic slits. The solid curves show the predictions of the best-fitting models. For comparison, dotted curves are the corresponding predictions when seeing
convolution and pixel/slit binning are not taken into account. The visual morphology, the redshift, and the inferred rotation parameter k are given for each object. An
asterisk indicates that the maximum value for k that is physically possible is adopted instead of the best-fitting value for k. The ID numbers correspond to those given in
van der Wel et al. (2005), where more information regarding the photometric and kinematic properties can be found.

VAN DER WEL & VAN DER MAREL262 Vol. 684

Resolved stellar kinematics at z = 1
van der Wel & van der Marel 2008


