
Element abundance ratios and star 
formation quenching in satellite and 

central galaxies

Anna Gallazzi 
INAF-Osservatorio Astrofisico di Arcetri

Dark Cosmology Center

!"#$%&'(')*+),-())
.%/"0(1&)2&3"&) Anna Pasquali (ARI-Heidelberg)

Francesco La Barbera (INAF-OAC)

EGEE2014, Bologna, 18/9/2014
Wednesday, September 17, 2014



Introduction

Several galaxy properties are known to vary with environment 
(morphology, SFR, color, quiescent fraction)

Stellar population properties (light-weighted age, metallicity, element 
abundance ratio) as tracers of past star formation activity and chemical 
enrichment

Disentangle a specific environmental dependence from that induced by 
the dominant dependence on galaxy mass

Distinguish “satellite” galaxies from equally-massive “central” galaxies

Do we see an imprint of a different evolutionary path between centrals 
and satellites?
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Stellar population 
parameters

Optimal set of absorption features 
independent of element abundance ratio: 
D4000, Hβ, Hγ+Hδ, [Mg2Fe], [MgFe]’ 

MONTE CARLO LIBRARY OF COMPLEX 
SFH: exponential SFH + random burst; 
metallicity fixed for each model (i.e. no 
chemical evolution) - based on BC03

build full probability density function of 
LUMINOSITY-WEIGHTED AGE AND 
STELLAR METALLICITY

Application to SDSS DR7 galaxies of any 
type and SF activity at 0.05<z<0.2

Age Metallicity
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Relative strength of Mg and Fe indices gives indication 
on the α/Fe

Difference between the observed Mgb/<Fe> and the one 
of the solar-scaled model that best fits α/Fe-independent 
features

Δ(Mgb/<Fe>) = (Mgb/<Fe>)obs -(Mgb/<Fe>)model 

Δ(Mgb/<Fe>) ➝ [α/Fe] : calibrated with the Thomas+03,+10 
models (proportionality largely independent of age and 
metallicity; similar calibration with Coelho+07 models)

Stellar population models of Lick indices 907

Fe4531. This index is reasonably well calibrated, but it is less sen-
sitive to Fe abundance and α/Fe ratios than Fe4383.

C24668. Formerly called Fe4668, this index has been renamed, be-
cause it is most sensitive to carbon abundance (TB95). As carbon
is kept fixed in our models, C24668 decreases only slightly with
increasing α/Fe. Owing to the poor match between models and
globular cluster data, this index is not well suited for element abun-
dance studies. Assigning carbon to the depressed group, does not
improve the match between data and models, and provokes incon-
sistencies with the otherwise well-calibrated indices Mg1, CN1 and
CN2.

Hβ. The Balmer absorption index is well calibrated. It increases
mildly with increasing α/Fe. The increase of Balmer absorption
in globular clusters with decreasing metallicity is very well repro-
duced by our models (see also Maraston & Thomas 2000). This
strong Balmer absorption at old ages and low metallicities stems
from the development of warm horizontal branches owing to mass
loss on the red giant branch. As shown in Maraston et al. (2002), the
slightly lower Hβ values of the two globular clusters at intermediate
metallicity ( Mg b ≈ 2.8) can be easily reproduced by models with
reduced mass loss along the red giant branch, in good agreement
with their observed red horizontal branch morphologies. The mod-
els used here have blue horizontal branches at metallicities below
[Z/H] ∼ −1.

Fe5015. Although TB95 produce only a poor fit of this index, our
models are in good agreement with the globular cluster data. As
Fe5015 is only slightly sensitive to α/Fe ratios, however, it is less
recommendable for abundance ratio studies than Fe4383.

Mg1, Mg2. It is very reassuring that all three Mg-indices Mg1, Mg2

and Mg b respond very similarly to α/Fe ratio changes. The models
plotted in Fig. 2 are therefore highly degenerate. The globular cluster
data are well reproduced. Among the three indices, Mg2 turns out
to be least and Mg b to be most sensitive to α/Fe.

Fe5270, Fe5335. These are the classical indicators for Fe abun-
dance. They are perfectly matched by our models. Fe5335 is some-
what more sensitive to α/Fe.

Fe5406. This index is very similar to Fe5270 and Fe5335. Although
the α/Fe-enhanced models predict slightly lower Fe5406 values
than suggested by the data, this index is still reasonably well cali-
brated.

Fe5709. The match between models and data is excellent. How-
ever, Fe5709 responds less strongly to α/Fe because of its weaker
sensitivity to Fe abundance (TB95).

Fe5782. For this index, the match between models and globular
cluster data is very poor. Different from the situation of Ca4455, it
is hard to assess whether the globular cluster data are compatible
with the Lick galaxy measurements of Trager et al. (1998). The
standard SSP models (dotted line), which are perfectly compatible
with the Worthey (1994) models, clearly predict too low Fe5782
indices. A miscalibration of the fitting function therefore may also
be a possible explanation for the mismatch between models and data
(Maraston et al. 2002).

Na D. Similar to Fe5782, the standard SSP model gives lower index
values than suggested by the observational data, in accordance with
the Worthey (1994) models. An unrealistically large sensitivity of
the index to the α/Fe ratio would be required to lift the models
on the data. Most likely, the strong NaD absorption is caused by Na

Figure 4. Lick index ratio Mg b/〈Fe〉 as a function of the element abundance

ratio α/Fe. The dark area denotes models covering metallicities −1.35 !

[Z/H] ! 0.35 and ages from 8 to 15 Gyr. The light-grey area denotes models

with the same metallicities but the larger age range 3 ! t ! 15 Gyr.

absorption in interstellar material of the Galactic disc. Indeed, there
is the clear trend that the clusters in the sample that are closer to the
Galactic plane have higher NaD relative to their Mg b indices. This
high sensitivity of the NaD index to interstellar absorption severely
hampers its usefulness for stellar population studies.

TiO1, TiO2. Both indices appear to be poorly calibrated, although
the agreement between models and data for TiO2 is still acceptable.
As discussed in Puzia et al. (2002), the most metal-rich clusters
NGC 6528 and 6553 show very strong TiO2 absorption because
of their extremely cool red giant branches, in accordance with the
strong bending observed in colour–magnitude diagrams (Ortolani,
Barbuy & Bica 1991; Cohen & Sleeper 1995).

3.1.4 Measuring α/Fe from Mg b/〈Fe〉

The models provided here allow for the derivation of α/Fe element
ratios from the Lick indices such as Mg b and 〈Fe〉. In the following,
we show how the index ratio Mg b/〈Fe〉 can be used to obtain an
estimate of the element ratio α/Fe. For this purpose, in Fig. 4 we
plot Mg b/〈Fe〉 as a function of α/Fe. As Mg b/〈Fe〉 depends not
only on α/Fe but also on age and metallicity, we show the areas
covered by models with a range in ages and metallicities. The dark
shaded area are models covering metallicities −1.35 ! [Z/H] !
0.35 and ages from 8 to 15 Gyr. The light-grey area are models with
the same metallicities but a larger age range 3 ! t ! 15 Gyr.

For old populations (ages above ∼8 Gyr), the relation between
Mg b/〈Fe〉 and α/Fe is reasonably well defined independent of age
and metallicity. In this case, Fig. 4 allows one to read off the α/Fe
element ratio ±0.04 dex directly from the measured index ratio
Mg b/〈Fe〉.

3.1.5 α/Fe-enhanced stellar evolutionary tracks

In the models presented here, solar-scaled stellar tracks are adopted.
The impact on Lick indices owing toα/Fe enhancement is accounted
for through a modification of the stellar absorption-line strengths
(see Section 2). A fully self-consistent α/Fe-enhanced SSP model
should, in principle, use α/Fe-enhanced stellar evolutionary tracks,

C© 2003 RAS, MNRAS 339, 897–911

Thomas, Maraston, Bender, 2003

Graves et al 2010

also Gallazzi et al 2006de la Rosa+2011

[α/Fe] : relative effective yields of SNII and SNIa products -> indicator of 
galaxy SF timescale
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SDSS DR7 group catalog (Yang+07): identify centers of potential groups 
with FoF; iterative procedure to define group mass and size and group 
membership; halo mass estimated from the ranking of the characteristic 
mass

CENTRALS: sitting at the center of a dark matter halo either as dominant 
galaxy in a group or as isolated galaxy

SATELLITES: accreted into a larger halo and orbiting as a satellite
Stellar populations scaling relations as a function of group hierarchy and of 
group halo mass
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Gallazzi et al 2014, in prep.

Stellar Mass Group Halo Mass

SDSS DR7 group catalog + stellar populations catalog; 0.01<z<0.2, r<17.77, S/N>20
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Pasquali et al 2010
Gallazzi et al 2014, in prep.

All galaxy types

At a given stellar mass, 
satellites are older and 
more metal-rich than 
isolated central galaxies, 
with increasing difference 
below 3x1010M⊙ 
At nearly all mass lack of 
young, metal-poor galaxies 
among satellites; at masses 
<6x1010M⊙ excess of old, 
metal-rich galaxies among 
satellites

Stellar Mass
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Gallazzi et al 2014, in prep.

All galaxy types

Stellar Mass

At fixed stellar mass 
Satellite galaxies are only 
slightly more α-enhanced 
than isolated galaxies

not more than ∼500Myr 
difference in “half-mass 
time” (using de la Rosa et al 
2011 relation)
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Gallazzi et al 2014, in prep.
Stellar Mass Group Halo Mass

M* > 3x1010M⊙ : satellites are 
coeval to centrals, nearly 
independent of halo mass
M* < 3x1010M⊙ : 

ages of satellites increase with 
the mass of the halo in which 
they reside
quenching of SF at infall; 
galaxies in more massive groups 
were accreted earlier 

See also Pasquali et al 2010

[α/Fe] of satellites is set 
by the galaxy stellar mass, 
almost independently of 
halo mass
environmental quenching 
happens significantly after 
bulk of SF occurs
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Stellar Mass

26% star-forming satellites
40% star-forming isolated

Do the differences reflect 
just a difference fraction of 
quiescent and star-forming 

galaxies?
Do quiescent and star-forming 

satellites separately differ 
from their isolated analogs?
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Stellar Mass

Quiescent galaxies

Group Halo Mass

Satellites are 
uniformly old, small 
difference in 
metallicity and [α/Fe] 
wrt to isolated
-> Epoch and 
timescale of 
quenching influenced 
by environment but 
with almost no 
dependence on halo 
mass 
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Stellar Mass

Star-forming galaxies

Group Halo Mass

At fixed mass star-
forming satellites are 
slightly older and 
metal-richer than 
isolated with mild 
increase with halo 
mass
-> Gradual 
suppression of SF on 
timescales long 
enough not to alter 
[α/Fe]
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Summary and thoughts
Massive (M* > 3x1010M⊙) or quiescent satellites: early formation epoch (as isolated 
galaxies); [α/Fe] primarily driven by galaxy mass (internal efficiency); influence of 
environment seen in the slightly higher [α/Fe] -> quenching timescales shorter by 
at most ~500Gyr ...quenched before being accreted? (see also Wetzel et al 2013)

Low-mass or star-forming satellites older and slightly more metal-rich than equally 
massive isolated centrals → gas strangulation and/or stripping that quenches supply 
of cold gas for star-formation; also explains the higher gas metallicities by preventing 
inflows of metal-poor gas from the outskirts

Differences in age correlate with halo mass: consistent with quenching induced by 
the environment at the time of infall and higher redshift of infall for those 
satellites that reside today in more massive groups/clusters

Generally low [α/Fe] and no dependence on halo mass: continued SF

Timescale of SF, as traced by [α/Fe], depends only on stellar mass, equally for 
isolated and satellites: The overall timescale of quenching is long enough for SF to 
continue and process SN products according to internal efficiency

consistent with a delayed-then-rapid quenching scenario (Wetzel et al 2013): star-
formation continues for 2-4Gyr before quenching on <1Gyr timescale; timescale only 
dependent on galaxy mass (shorter at higher masses)
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