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Star Formation History (& Future)
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25-75%-ile:  z = 0.6 - 2.0 



 128 night allocation on VLT; 20h integrations; typical S/N = 20/Å at R~4500

 DR2 in July 2018 (Straatman et al.  2018);  DR3 in May/June 2021 (van der Wel et al, in prep.)



2707 spectra of z~0.8 galaxies

• All spectra with measured stellar velocity dispersions and H  absorption index

• Sorted by strength of H .   Blue: strong (young age); Red: weak (old age)

• Polynomials removed: effect of dust taken out

γ
γ



Example spectra: a post-starburst galaxy

• Spectra in black

• Conroy SPS model in red; broadened by velocity dispersion (pPXF; Cappellari 2017)

LEGA-C DR3 7

Figure 4. Four spectra and HST images of galaxies with typical S/N for their respective global properties such as luminosity
and redshift. From top to bottom, a blue star-forming galaxy, a red star-forming galaxy, a post-starburst galaxy / merger
remnant, and a massive elliptical galaxy. The templates indicated with red (blue) lines represent the stellar continuum excluding
(including) nebular emission lines. For the star-forming galaxies the broad Balmer absorption lines are filled with narrow Balmer
line emission. In the bottom panel no emission lines are present; the green line represents the stellar continuum model using
empirical stellar spectra rather than theoretical stellar spectra (see Sections 3.2 and 3.3 for details).



Example spectra: an old elliptical

• Spectra in black

• Conroy SPS model (theoretical templates) in red has higher spectral resolution

• Vazdekis SPS model (empirical templates) in green fits better for old galaxies

LEGA-C DR3 7

Figure 4. Four spectra and HST images of galaxies with typical S/N for their respective global properties such as luminosity
and redshift. From top to bottom, a blue star-forming galaxy, a red star-forming galaxy, a post-starburst galaxy / merger
remnant, and a massive elliptical galaxy. The templates indicated with red (blue) lines represent the stellar continuum excluding
(including) nebular emission lines. For the star-forming galaxies the broad Balmer absorption lines are filled with narrow Balmer
line emission. In the bottom panel no emission lines are present; the green line represents the stellar continuum model using
empirical stellar spectra rather than theoretical stellar spectra (see Sections 3.2 and 3.3 for details).



Example spectra: a young spiral

• Spectra in black

• Conroy SPS model in red

• + Emission lines in blue (joint SPS+lines fit with pPXF)

LEGA-C DR3 7

Figure 4. Four spectra and HST images of galaxies with typical S/N for their respective global properties such as luminosity
and redshift. From top to bottom, a blue star-forming galaxy, a red star-forming galaxy, a post-starburst galaxy / merger
remnant, and a massive elliptical galaxy. The templates indicated with red (blue) lines represent the stellar continuum excluding
(including) nebular emission lines. For the star-forming galaxies the broad Balmer absorption lines are filled with narrow Balmer
line emission. In the bottom panel no emission lines are present; the green line represents the stellar continuum model using
empirical stellar spectra rather than theoretical stellar spectra (see Sections 3.2 and 3.3 for details).



Before LEGA-C

LEGA-C DR3 11

Figure 8. E↵ective radius vs. stellar velocity dispersion �⇤, color-coded H�A absorption equivalent width. From left to bottom
right: literature compilation before LEGA-C (see text for references); the full LEGA-C sample; quiescent galaxies in LEGA-C;
star-forming galaxies in LEGA-C.

van der Wel+05; Treu+05, Gallazzi+14, Bezanson+14
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50-fold increase in sample size
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Quiescent Galaxies

LEGA-C DR3 11

Figure 8. E↵ective radius vs. stellar velocity dispersion �⇤, color-coded H�A absorption equivalent width. From left to bottom
right: literature compilation before LEGA-C (see text for references); the full LEGA-C sample; quiescent galaxies in LEGA-C;
star-forming galaxies in LEGA-C.
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star-forming galaxies in LEGA-C.
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Quiescent Galaxies
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Reconstruction of Star Formation Histories

(see the SFHs of 108361, 211736, and 130052 in Figure 4).
However, some galaxies were quiescent for several gigayears
and then had a renewed period of growth, either due to SF
rejuvenation, or merging with a younger population. A merger
could result in either an integration of the younger population

with no further activity, or trigger bursts of SF. This young
population of stars accounts for ∼10% of the mass of these
galaxies (e.g., 206042, 131869, and 131393 in Figure 4). We
will explore the frequency of such rejuvenation events in more
detail in a follow-up study.

Figure 4. Sample of emission line subtracted spectra of 12 LEGA-C galaxies with the best-fitting model obtained from combining the 12 template spectra using
MCMC. The bottom right figure in each plot is the reconstructed star formation history (the converged walkers are shown in gray). The MCMC resultant mass,
luminosity, mass-weighted age, and dust reddening values are shown in red. The spectra are ordered by a MWá ñ.
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Reconstruction of Star Formation Histories

peak in SF occurs after z<1.5 for almost all star-forming
galaxies in the LEGA-C sample.

Intermediate-redshift stellar population studies are sparse,
due to the high S/N required to undertake such studies (see
Section 1). Pertaining to this work, there are a few studies we
can draw comparisons from, viz. Choi et al. (2014) and
Gallazzi et al. (2014). Measurements by Choi et al. (2014) and
Gallazzi et al. (2014) indicating that passive galaxies have ages
consistent with mostly passive evolution are also in alignment
with this study, as the reconstructed SFHs indicate that galaxies
stay quiescent, barring some histories that showed low-level SF
after quiescence. Gallazzi et al. (2014) reported an average
lighted-weighted age of ∼5 Gyr for a 4×1010Me galaxy,
consistent with our value of 4.8 Gyr, for a galaxy of the
same mass.

Diemer et al. (2017) tested Gladders et al.’s (2013)
hypothesis that the SFHs of individual galaxies are character-
ized by a log-normal function in time, which implies a slow
decline in SFRs rather than rapid quenching. They did this by

comparing the log-normal parameter space of total stellar mass,
peak time, and full width at half maximum of simulated
galaxies from Illustris (Vogelsberger et al. 2014) and Gladders
et al. (2013), as well as Pacifici et al.’s (2016) derived SFHs of
a sample of quiescent galaxies using a large library of
computed theoretical SFHs. They found good agreement for
all three studies; however, Illustris predicted more extended
SFHs on average. LEGA-C galaxies support the slow-
quenching picture of galaxy evolution as Gladders et al.
(2013) have suggested, with a rate of decline that is mass
dependent as we have seen. More comparisons will be
performed in later papers.

6. Summary

We have reconstructed the SFHs of galaxies in the current
LEGA-C sample, which contains 678 primary sample galaxies
with S/N∼20Å−1 in the redshift range of 0.6<z<1. We
have done this by implementing an algorithm to fit flexible
SFHs to the full spectrum, using FSPS and emcee. The galaxy

Figure 8. Ensemble-averaged SFHs of LEGA-C galaxies, normalized by stellar mass and separated into various *T (top) and M ,FIT* (bottom) bins. The histories are
divided into the star-forming and quiescent populations in the middle and right panels, respectively. The stellar content in massive galaxies formed earlier and faster,
regardless of current SF activity.
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• Down-sizing at z~1

• Star-forming galaxies at z~0.6-1 are in the middle of their main formation phase

• Mass weighted ages of most massive z~0.8 quiescent galaxies are 5 Gyr



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

Spatially Resolved Kinematics

stars
gas



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

Jeans axisymmetric model
(Cappellari12 software)

Jeans dynamical modeling

van Houdt, van der Wel et al. (in prep.)

(σ2 + V2) ≡ Vrms



Jeans axisymmetric model
(Cappellari12 software)

Jeans dynamical modeling

van Houdt, van der Wel et al. (in prep.)

Free parameters: 

•  stellar M/L
•  NFW halo
•  Inclination
•  Anisotropy

(σ2 + V2) ≡ Vrms



van Houdt, van der Wel et al. (in prep.)
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Figure 12. Projected (left) and deprojected (right) (V/�)Revs. projected shape, color coded with Sérsic index n. Flat projected
shapes represent a fairly good prediction for a high degree of rotational support, but for individual galaxies a round shape is
a poor predictor. High-Sérsic index galaxies show a large range in rotational support, overlapping with the distribution of
low-Sérsic index galaxies, but with an additional population of slowly rotating galaxies.

Figure 13. Deprojected (V/�)Revs. dynamical mass within Re for quiescent (right) and star-forming galaxies (right), color
coded with deprojected (edge-on) rotation velocity V at Re. The correlations are generally weak, and quiescent galaxies overlap
strongly with star-forming galaxies in terms of (V/�)Re . Only at the high-mass end there is a clear di↵erence between the
populations, where quiescent galaxies rotate slowly, and star-forming galaxies are strongly rotation-dominated.

Stellar Dynamical Structure at z=0.6-1

• Spatial structure (round shape and high Sercic index) is a weak proxy for lack of rotation

• Star-forming galaxies are oblate rotators
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Dynamical Structure
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• Mass and dynamical structure are weak proxies for star-formation activity

• The fastest rotating galaxies are quiescent
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shapes represent a fairly good prediction for a high degree of rotational support, but for individual galaxies a round shape is
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Concluding Remarks

• LEGA-C: first probe at z>0 of 

• Stellar populations

• Stellar kinematics

• Third Data Release coming soon (May 2021)

• Stay tuned for LEGA-C contributions by

• Francesco D’Eugenio

• Tania Barone

• Po-Feng Wu

• Anna de Graaff


