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ABSTRACT

— Environment has long been known to have significant impact on the evolution of galaxies,

< but here we seek to quantify the subtler differences that might be found in disk galaxies,

rm depending on whether they are isolated, the most massive galaxy in a group (centrals), or

~ a lesser member (satellites). The MaNGA survey allows us to define a large mass-matched

= sample of 574 galaxies with high-quality integrated spectra in each category. Initial examina-
O, tion of their spectral indices indicates significant differences, particularly in low-mass galax-
é ies. Semi-analytic spectral fitting of a full chemical evolution model to these spectra confirms
— these differences, with low-mass satellites having a shorter period of star formation and chem-
b7, ical enrichment typical of a closed box, while central galaxies have more extended histories,
a) with evidence of on-going gas accretion over their lifetimes. The derived parameters for gas

infall timescale and wind strength suggest that low-mass satellite galaxies have their hot halos
of gas effectively removed, while central galaxies retain a larger fraction of gas than isolated
galaxies due to the deeper group potential well in which they sit. SO galaxies form a distinct
subset within the sample, particularly at higher masses, but do not bias the inferred lower-
mass environmental impact significantly. The consistent picture that emerges underlines the
wealth of archaeological information that can be extracted from high-quality spectral data
using techniques like semi-analytic spectral fitting.
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* B n1OTHOM OKpPYXXEHUU ra/lakKTUKU KPacHee u
coAeprKaT MeHblle rasa, a 38e34bl — MeHee
META/ININYHbIE, YEM Y OANHOUYHbIX FaNIaKTUK (XOTa no
XUMUN- NPOTUBOPEYMBbIE AaHHble ansa satellite
galaxies (SG)). 9171 apPeKTbl HOCAT MobaNbHbIN
XapaKTep, T.e. NPOABAAIOTCA KaK NpaBnao ANA
ranaktTnkum B uenom (e.g. Zheng et al. 2017; Spindler et

al. 2018).

* The intent of this paper is to investigate how the
stellar population properties in galaxies depend on
the environment that they inhabit, specifically
whether they are central (CG) or satellite (SG) galaxies
in groups, or are isolated (IG) objects



dunsnyeckme mexaHu3mol:
Ram pressure
Strangulation

Tidal interactions ¢ ranaktMkamwm mamv rano
CKONnneHuA.



BbibopKa: MaNGA survey
SDSS-IV Data Release 17 (ok.10 Tbic.
ranakTuk c z<0.15).

CneKTpanbHble AaHHbIe Ao 1.5 Re.

Mopdonorua: MaNGA Morphology Deep
Learning catalogue (Dominguez Sanchez et al.
2022), BrkAatou. visual classification

Bcero otobpaHo 5125 spirals and 891 SOs.

N3 HUX OCTaBAEHbI rAaNIaKTUKN C HU3KUM
HaK/IoOHOM AucKa u ¢ 9.5 < log(M=M) < 11.5.
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Figure 1. The star formation rate as a function of stellar mass for our sam-
ple galaxies. Isolated, central and satellite galaxies are shown in green, red
and blue, respectively. The black dash line shows the star forming main
sequence obtained by Renzini & Peng (2015) as reference.
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Figure 2. Dn4000 (top) and Mgb/(Fe) (bottom) as functions of stellar mass
for our sample galaxies. Isolated, central and satellite galaxies are shown in
green, red and blue, respectively. Triangles linked by lines are mean results
in different stellar mass bins, with error bar showing the error estimated
from the jackknife resampling method.



Moaenb asontounmn

Mg (t) = Min(t) — (1) +Mre (t) — Mout (1). o
g in re ou
, , W(r) =S x Mg(t),
The first term characterises the gasinflow,v _____ __ _________—_ ___ _
an exponentially decaying form

Mig(t) =Ae U707 ¢~ 40 (3)

The second term represents th
third term accounting for the mass ejection from dying stars, and
the final term describing mass lost from the system. We assume

Using the Bruzual & Charlot (2003) stellar population models, we
calculate a model spectrum corresponding to the SFH and ChEH
following the standard stellar population synthesis approach. We use
the ‘Padoval994’ isochrones, the Chabrier (Chabrier 2003) IMF and
the Le Borgne et al. 2003 stellar templates, which covers metallicities
from Z = 0:0001 to Z = 0:05, and ages from

0:0001Gyr to 20Gyr.

Mout(t) = AW (1), A(t) =Ap+ (e — Ay )t /(14 Gyr).



We use a population-wide relation instead, at least for the metallicity
constraint. Specifically, Andrews & Martini (2013) demonstrated
that there 1s quite a tight relationship between mass and gas-phase
metallicity, so we can assign an expected gas-phase oxygen abun-
dance using

(10)

108-901 0.64
12+ log(O/H) = 8.798 — log l+( )

M, /Mg

This oxygen abundance is then converted to total metallicity us-
ing a solar metallicity of 0.02 and oxygen abundance of 12 4
log(O/H) = 8.83 (Anders & Grevesse 1989).

HeT aHann3a uam o6ocHoBaHMA 3TOM GOPMY/ibl, TPUHUMABLLUENCA KaK
K ranaktukam CG, Tak un SG.
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Central galaxies accumulate their stellar mass significantly later
than satellite galaxies. The difference between central and satellite
galaxies becomes weaker in higher mass galaxies, and in galaxies
with M=M.. > 100> the difference is almost negligible.
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Central galaxies accumulate their stellar mass significantly later
than satellite galaxies
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similar stellar mass this fraction decreases to 20%. The low-metal-rich CMDF of low
mass satellite galaxies is characteristic of the so-call ‘closed-box’
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The gas infall timescale, as a function of both environment and mass. It is
apparent that, at low and intermediate masses, central galaxies tend to have
longer gas infall timescales, while the gas infall occurs over a systematically

shorter period in satellite galaxies. In the lowest mass bin (10°°> <M=M <

10199), almost all of the satellite galaxies have gas infall timescale less than 5
Gyr, while around 40% of central galaxies have timescales greater than 5 Gyr.
The median gas infall timescales for satellite, isolated and central galaxies are
2.6, 2.9 and 3.9 Gyr, respectively.
In more massive galaxies (M=M > 101%>) these differences become less
systematic: the median gas infall timescales for all the three categories
becomes shorter, and all converge to around 2.5 Gyr
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Although this parameter was formulated in terms of a star-formation-
driven wind, it really just measures the effectiveness of the loss of
processed gas from the galaxy. The relatively high rate of loss from
satellites therefore fits with a picture in which a system falling into a more
massive halo might be expected to lose its own extended halo of hot
processed gas through interaction with other group members.

The disappearance of difference between the wind-parameters in galaxies
with stellar masses higher than 101°°M. implies that massive satellite
galaxies do not lose more gas than centrals.
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OCHOBHOW BbIBO/: pa3iune mexxay
LEeHTPaNbHbIMU FANAKTUKaMMU,
CMNYTHUKAMMN N N30NNPOBAHHbIMMU
ranakTMKamum 3Ha4YUTENIbHO TOJIbKO
ONA MAaJIOMaCCUBHbIX raslakTUK



Pe3ynbTaThl

e The cumulative SFHs derived from the sample galaxies re-
veal an earlier cessation of star formation activities in low-mass
(1092 < M, /Mg < 10100y satellite galaxies than their central
equivalents: less than 40% of the stellar masses in satellite galax-
ies formed within the most recent 5 Gyrs, while central galax-
ies of similar mass accumulated more than 70% of their stellar
masses over the same period. Isolated galaxies have intermedate properties.
e The environmental dependence of disk galaxy evolution, as
well as its mass dependence, is also seen in the chemical evolu-
tion of the galaxies. Low-mass {109'5 <M, /Mg < 1010'0] satel-
lite galaxies contain a high fraction of low metallicity stars com-
pared to central galaxies, indicating that they are more likely to be
‘closed-box” or ‘leaky-box’ systems, while central galaxies of simi-
lar masses contain lower fractions of low metallicity stars, suggest-
ing that on-going accretion played a more important role in their
formation.
e The gas accretion history inferred from the semi-analytic fit-
ting process drives the variations in timescale: in low-mass central
galaxies, the average gas infall timescale is found to be system-
atically longer than comparable satellite galaxies, leading to their
more extended star formation histories. Again, this variation disap-
pears in more massive galaxies, where we also start to see a differ-

* Central galaxies have weaker wind parameters than their isolated

equivalents, as would be expected if the deeper potential well of a
group were better at retaining such processed material.



