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ABSTRACT

We present a spatially-resolved near-dptical study, using the Wide Field Camera 3
(WFC3) on board thédubble Space Telescopef NGC 4150; a sub-l, early-type galaxy
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(ETG) of around 6x 10° M, which has been observed as part of the WFC3 Early-Release
Science Programme. Previous work indicates that this gdias a large reservoir of molecu-
lar hydrogen gas, exhibits a kinematically decoupled clikely indication of recent merging)
and strong, central fHlabsorption (indicative of young stars). While relativelyinspiring in
its optical image, the core of NGC 4150 shows ubiquitous-kBaremission and remarkable
dusty substructure. Our analysis shows this galaxy to liénnear-UVgreen valley and its
pixel-by-pixel photometry exhibits a narrow range of nef{optical colours that are similar
to those of nearby EA (post-starburst) galaxies, and lie between those of M&3atively
star-forming spiral) and the local quiescent ETG populatid/e parametrise the properties of
the recent star formation (age, mass fraction, metallaitgt internal dust content) in the NGC
4150 pixels by comparing the observed nearfoptical photometry to stellar models. The typ-
ical age of the recent star formation (RSF) is around 0.9 Gymssistent with the similarity of
the near-UV colours to post-starburst systems, while thephmdogical structure of the young
component supports the proposed merger scenario. Thabfp8F metallicity, representative
of the metallicity of the gas fuelling star formation,~6.3 - 0.5 Z,. Assuming that this galaxy
is a merger and that the gas is sourced mainly from the infpiompanion, these metallicities
plausibly indicate the gas-phase metallicity (GPM) of therated satellite. Comparison to the
local mass-GPM relation suggests (crudely) that the matisecéiccreted system is 3 x 10°
Mo, making NGC 4150 a 1:20 minor merger. A summation of the pi®F mass fractions
indicates that the RSF contributes2-3 percent of the stellar mass. This workffeens our
hypothesis that minor mergers play a significant role in thwugion of ETGs at late epochs.

Subject headingsGalaxies: Elliptical and Lenticular, Galaxies: Evolutjdditraviolet: Galax-
ies

1. Introduction

Over recent decades, a central topic in observational @stsics has been the star formation histo-
ries (SFHs) of massive early-type (elliptical and lentchlgalaxies. Early-types host more than 50 per
cent of the stellar mass density in the nearby universe amdn gheir dominance of the galaxy census,
it is important that we develop a thorough understandinghefrtformation and evolution. The broad-
band optical colours of massive early-type galaxies arearetshow a tight correlation with luminosity;
more luminous galaxies possessing redder colours. Sinbetgaes are not generally dusty, their optical
colours imply that the bulk of the stellar population is a3 Gyrs) and perhaps coeval (e[a Bower }et al.

11992/ 1998; Ellis et al. 1997; Stanford et al. 1998; Gladeess. 1998 van Dokkum et al, 2000). The tight

fundamental plane and the high alpha-enhancement ratlgsjl&&lnh_em_dll_l@i_QaLQUD_QdM%
Kodama & Arimotd 1997;

00) further suggestlsranges in the epoch and duration of ETG
star formation. However, a significant drawback of optia@dbars is their insensitivity to moderate amounts
of recent star formation (RSF). Indeed, high precisionagptspectroscopy has consistently suggested ex-
tended periods of star formation lasting until a few Gyr aggdme ETGs and has recently demonstrated that
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the luminosity-weighted ages of local ETGs have a largeeamyl correlate with both velocity dispersion
and environment (Tra al. 2000; Nelan et al. 2005; Tlsoenal| 2005; al. 2009; t al.
[ZQ_O_Sb; 10). The currently accepted Lambdd Baik Matter ACDM) paradigm suggests
that this behavior is due to gas infall and merger eventsdbiatinue to recent timeg:mgﬂ 05),
although some of the cold gas fueling star formation may beywed internally through stellar mass loss
(e.g.LSarzi gté@bé; YQLJMOS). Recent observatianaglies (e.g. Kaviraj et b Kavir{ajﬂlO)
have highlighted the role ahinor mergergprogenitor mass ratios 1:4) in the late-epocle(< 1) evolution

of ETGs.

An efficient way to pursue the problem of late star formation in ET¥&bout the need for high /8
spectroscopy is to employ rest-frame ultraviolet (UV; $iard of 3000 A) imaging. While their impact
on the optical spectrum is weak, small mass fracticn$ (er cent) of young< 0.5 Gyr old) stars can
strongly dfect the near-UV (2000-3000A) (see Fiyy. 1). Following thelgtoy!Yi et al. (2005), Kaviraj et al.

) comprehensively studied the UV properties of aglaample £2100) of massive (M< 21) early-
type galaxies in the nearby Universe €0z < 0.11), by combining UV data from the GALEX mission
(Martin et al.| 2005) with optical data from the Sloan Digigky Survey (SDSS: Abazajian et al. 2009).
When upper limits to the UV flux from evolved stellar stages@nsidered, e.g. extreme horizontal branch

EHB) stars which drive the ‘UV-upturn’ phenomenon typigalbserved in giant cluster elliptica@al.

), 20-30 per cent of massive early-type galaxies anedfdol contain unambiguous signatures of RSF,
because their UV-optical SEDs cannot be produced by the Hbiiea It is worth noting that since upper
limits to the UV flux from old stars are considered, the fractof ‘star-forming’ ETGs becomes a (robust)
lower limit. A more reliable result can be obtained by studythe rest-frame UV properties of ETGs at
Zz > 0.5, where the horizontal branch is not yet in place and thefrasie UV becomes a more reliable
indicator of the presence of young stars. By exploiting degfical U and B-band data to trace the rest-
frame UV, Kaviraj et al.|(2008) have demonstrated that atefvedshifts a negligible fraction of ETGs are
consistent with purely passive ageing since high redshifpporting the low redshift GALEX results and
suggesting that RSF is a widespread phenomenon in the ET@Egbiom over at least the last 8 billion
years. The mass fractions forming in the RSF events range fractions of a percent to a few percent,
with luminosity-weighted ages of 300 - 500 Myrsk&aﬂtaj_el_ALZQ_ch). It is worth noting thhetlarge
spread £ 5 mags) in the NUV-optical colours cannot be reproduced bly 8&&en solely by internal stellar
mass loss, pointing to an external origin for the gas thdsfilrat star formation. This seems consistent with
recent work that suggests that the RSF is driven by minor engrg

TheHubble Space Telescof@dST) program exploited in this study extends and enharesetresults by
exploring thespatial distributionof young stars in early-type galaxies, which promises @luosights into
the processes that lead to star formation in early-typeesyst In this paper we use high resolution NUV-
optical photometry from the HST Wide Field Camera 3 (WFC3dourately quantify the age, metallicity,
mass and spatial distribution of young stars in the eaghetyalaxy NGC 4150, with the aim of constraining
the characteristics of the suspected merger event (e.gmegs-ratio) believed to have triggered the recent
starburst.
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1.1. Thetarget galaxy: NGC 4150

The properties of NGC 4150 are detailed in Tdble 1. This galaas also one of the targets for the
SAURON projectL(B_ac_Qn_el_HL_del:_de_Ze_e_uMLaL_tOOZ). NG&D4s characterised as a lenticular (S0)
galaxy atjop00= 12"10"33%.67, §30000= +30°24'05”.9, which shows signs of RSF. Previous observations
have shown it to possess blue NUV-optical colours (JeongJ b[l@.é), enhanced centralgHabsorption

Kuntschner et al. 2006), large quantities of moleculardw@bﬂ, and a kinematically decou-
pled core (Krajnovié et al. 200 8). The first two charactérssare indicative of RSF. The latter characteristics
point towards a past merger with a less massive, gas-riexygals the source of both the gas and the dis-
turbed dynamics in the centre of NGC 4150, and as the trigmehé RSF.

Several authors (e.(ilu_HughLa_&_G_dh_QLﬂd&;KundLL&Mﬁhﬁﬁ_Qh) have associated NGC 4150 with

the Canes Venatici | group (also M94 group), the majority dbse member galaxies are within 2-8 Mpc
of our Sun, with a median distance off Mpc tMakaLOALa_e_t_AL_lQbB). However, the distances esidhat
for NGC 4150 in the literature are somewhat larger than thises Tonry et I.L(;Ogbl) calculated a distance
modulusu = 30.69+ 0.24 (d~ 13+ 1.5 Mpc) from measurements of I-band surface brightness thtictus
(SBF), calibrated using Cepheid distances to other neaataxigs. Jensen etlal. (2003) later updated this
value tou = 30.53 + 0.24 after re-calibrating the data using the Cepheid periadninosity relation of
Udalski et al. [(1999). Rekola etlal. (2005) found= 30.79 + 0.2 (d~ 14.4 Mpc) from R-band SBF mea-
surments, Whilé_KﬂLthﬁnLS_esLel Jil._d003) estimated 315 (d~20 Mpc) from the turnover magnitude
of the globular cluster luminosity function (GCLF). Here wdopt the mean of the re-calibrated Tonry et
al. I-band [Llens_en_QtJMOS) and Rekola et al. R-band S&&ndie estimateg; = 30.66 + 0.16 (d =
1355+ 1.0 Mpc). This distance modulus is in good agreement with tleatdd byl_d_e_Ze_e_UMLel_bL_(ZdOZ)
from the mean heliocentric velocity of the Coma | cloyd=( 30.68; assuminddy = 75 kms?). Indeed,
de Zeeuw et al. go on to associate NGC 4150 with this group lekiges, which lies on the outskirts of the
Virgo cluster.

We have estimated the stellar mass of NGC 4180, from its Ks-band Iuminositym% us-
ing the stellar mass-to-light ratios derived [b;LB_ell_dt ). I. derivedM/L ratios for a large
sample of galaxies from the Two Micron All Sky Survey (2MAS&)d the Sloan Digital Sky Survey
(SDSS), and compared these with galaxy colours @édl(' , Appendix 2). From theskl/L -
colour relations, and using th8 ¢ V) colour of NGC 4150, we calculated., /Lks = 0.6'23, and henceéM,

_0.21
= 6.3"31 x 10° Ms. NGC 4150 is unlikely to harbour an active galactic nucleAGK) as just a few { 5)

percenf of local galaxies of this mass are classified as Aﬂﬂﬁmet_dﬂio_d?)).
The mass of molecular hydrogen in NGC 4150 was computé_d_bschbﬁs_agjskzo_d?;) and Combes et al.

) from measurements of CO emission. The two groupseternasses ofly, = 3.8 x 10" Mg, and
6.6 x 10’ M, respectively, with much of the discrepancy between thesevalues being due to fierent
CO-to-H, conversion factors.

In the following sections we introduce new HST WFC3 obsaovet of NGC 4150 and compare its
integrated NUV-optical photometry with that of the nearlaylg-type galaxy population§@), perform a
pixel-by-pixel analysis of the central region of the galaggtimating the age, mass, metallicity and extinc-
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tion of the young stellar population§3), and use our results to determine the star formation assehady
history of this nearby lenticular galaxg4).

2. Observations, data reduction and preliminary analysis

Observations of NGC 4150 (see Table 2) were made using théy nestalled Wide Field Camera 3
(WFC3) on board the Hubble Space Telescope (HST). The ddismnmg formed part of an Early Release
Science Program (HST program 11360, PI: Robert O’Conrediply the WFC3 Scientific Oversight Com-
mittee. The main objective of this program is to study stamfation in a range of dierent environments
(early-type, quiescent and star-forming galaxies) in doall universe.

All data were downloaded from the HST arci@e&t the Space Telescope Science Institute (STScl)
via the on-the-fly recalibration (OTFR) pipeline, which ilemented theC ALWFC3software to bias, dark
and flat-field correct the images. We further reduced the Idatlly using theMULTIDRIZZLEsoftware
({Ko_ekemg_er_e_t_AL_ZD_bZ) to register individual exposures given filter, apply distortion corrections, mask
out cosmic rays and other defects, and finally combine thesxes using thdrizzleimage reconstruction

technique developed MmghlgL&_lek_QbOZ). The data wemzled using the latest image distortion
codficient tables (IDCTAB) downloaded from the WFC3 referenceiiebsitel.

Figure2 shows a pseudo-colour (RGB) image of NGC 4150 alesieg the WFC3 UVIF 814\, F555W
andF438W frames for the red, green and blue channels respectivelhidroptical image NGC 4150 ap-
pears to be a typical SO galaxy possessing a dominant blibgd, \&ith obvious dust lanes towards its centre.
The white boxes indicate the fields-of-view (FOVs) presemeFigure B, which shows both pseudo-colour
and monochrome images of the central region of NGC 4150. T&B Rnages in this case are a combina-
tion of UVIS F657N (Ha+[N II] - red), F438W (green) and=-225V (blue), while the greyscale images are
unsharp-maskedersions of the=438W data. Unsharp-masking was performed by firstly median boxca
smoothing the=438W image using a box of 560 pixels, before subtracting the smoothed image from
the original. This had thefiect of enhancing smaller scale structures, in particulardgtails of the dust
distribution in the centre of NGC 4150. Figurke 4 shows grelseersions of the UVIS observations of the
galaxy core through each of tidU V-optical filters.

Two issues are immediately obvious from the images in[Biga@Fig.[4: (1) the unobscured areas of
the core of NGC 4150 are bright in tiéUV / F225V (Fig.[da), appearing blue in the colour composite
images (Fig[1Ba&b); and (2) there are significant amountsust,dvhich forms a spiral-like structure and
appears to rotate clockwise (North to West) in the plane @flaxy disk. Some of this dust lies across the
line-of-sight to the very centre and lower part of the galaaye, blocking our view of this region at shorter
wavelengths, as is well illustrated by the sequence of imay&igure 4.

23nttpy/archive.stsci.edbst

24httpy/www.stsci.edfhsyobservatorjcdbgSlfilelnfo/WFC3reftablequeryindex
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LJ_e_Qng_e_t_dIJ_(ZQJJQ) also observed NGC 4150 to haN&¥ bright core andlue NUV- optical colours,
albeit at much lower resolutioMUV PSF~ 6”) using the NASA GALE@ (Galaxy Evolution Explorer)
satellite (see Figurel 5). UV flux is generally associatechwito distinct stellar populationgjoung(< 1
Gyr), massive stars, arald (>5 Gyr), low-mass, core helium burning (horizontal branchB)lstars. The
latter are believed to be responsible for th€-upturnphenomenon in which evolved early-type galaxies,
devoid of young stars, develop a strong UV-ech_ UV-upturn is typically observed in
cluster elliptical galaxies, a signature of an old popuhnt(see{ O’Connéllﬁb& for a review). Since a
UV-upturn requires a galaxy’s stellar population to havedagificiently to allow development of a strong
extreme horizontal branch, we do not expect to observe tiéa@menon in galaxies beyongZ5, when
the universe was less than 5 Gyr old. However, NGC 415ffestvely at z= 0, and hence we must consider
that UV-upturn is at least a possibility in this case.

By using the corollary evidence of a central3 Bbsorption “hotspot” of roughly’2radius (Kuntschner et al.
@5) - indicative of young< 2 Gyr) stars - and the detection of large quantities of mdte@as (Combes et al.
), - the fuel required to form new sta{s - Jeong EmzﬁOncluded that thBlUV flux in NGC 4150

is most likely dominated byoungstars created during a recent period of star formation.

Utilising the exquisite resolution of our HST dataset we add a furthermorphologicalargument. We
see in Fig[Bb and, more clearly, in Fig. 4a that there is gmt structure in thélUV image, owing not
only to attenuation by dust, but also to the presence of akteight knotsof NUV flux. If the flux was
attributable to old, low-mass stars one would expectNh&V image to be much smoother, similar to the
optical V (F555W) and| (F814w) images (disregarding dust attenuation) whidle&ively trace the old
stellar population in NGC 4150. These localised knotdNafV flux, which exist only within about ‘3
(~200 pc) of the centre, point towards a populatioryofingerstars as their source, the clumps of young
stars having not yet dispersed since their formation inécemt past.

Figure[6 shows a colour-magnitude diagram (CMD) on which axelplotted the integrated UVIS pho-
tometry of NGC 4150 within 1 féective radius (Rt ~ 400 pixels) compared with the nearby early-type
galaxy (ETG) population identified lﬁy Kaviraj et al. (20b?ru:)SDSS DR3 and GALEX MIS data. The blue
horizontal line indicates tha\(UV — V) colour of the strongest UV-upturn galaxy in the local Umge
NGC 4552, in which theNUV flux is dominated by HB stars that have evolved from the old;-toass
stellar population. TheNUV — V) colour of NGC 4150 is significantly bluer than this empitic&/-upturn
limit, adding further support to the argument that it is doedcent star formation.

It is worth noting that there is a conspicuous lack af Hnissio@ coincident with theNUV knots, or
indeed anywhere in the core of NGC 4150 (Fijy. 4e&f). The cantm subtracted from the raw657N
image was estimated from an average of &5V andF814W observations, which was scaled to match

2Shttpy/www.galex.caltech.eqdu

26A pright source of K emission is visible just North of the galaxy core in Fity. 4hiJis potentially ayoung globular cluster
one of a population of such objects in NGC 4150 that will beaésed more fully in a forthcoming paper (Kaviraj et al. ier.
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the F657N photometry of two K-type sts@ in the field. The lack of | emission suggests that there are
few, if any, very young starsg(10 Myr) in the region and that the proposed burst of recemtfetanation
ended some time ago. The possibility that NGC 4150 pest-starbursisystem is a point we return to in
the following sections.

3. Detailed analysis - photometry and parameter estimation

There are several means by which one might attempt to ddmwestar formation history of a target
galaxy or stellar population. If the constituent stars afficgently resolved it may be possible to perform
photometry on each in turn, and subsequently derive indaligstimates for age, mass and metallicity
through comparison with stellar models. Coeval populatiare trivially identified by such analyses and it
is possible to build up a detailed and spatially resolvetupécof the star formation histories in such cases

(e.g.,Richardson gtﬁl. de& Sirianni gH al. j(lQQ; Bugnﬁrai. 199|4).

Where individual stars are not resolved, one might fit motkdlas populations to the integrated pho-
tometry of open an@r globular clusters (GCs) within a target galaxy (eLg*._llﬁse_t_a.ﬂLZQ_OlbLEall_el_él
). In such cases it is generally assumed that the strg i given cluster formed at about the same
time and from the same cloud of gas, and hence they are modeisimple stellar populations (SSPs) -
coeval populations of stars of uniform metallicity. One d¢han use the cluster age distribution to make
inferences as to the star formation history of the host galshe perform such an analysis on the globular
cluster population in NGC 4150 in a forthcoming paper (Kajat al. in prep.), the results of which are
complementary to those presented here.

An alternative method in cases where individual stars ataesplved is to perform photometry on a
pixel-by-pixelbasis before fitting stellar population models to each pixelrn (e.gbALelikala_el_éL_ZQbS;

; ' &%b ; ' ' .LZD_Qb). In this way one can build up

a contiguous map of the properties of the stellar populatiithin a target galaxy. It is this method that we
employ in the following sections. While integrated phottmean detect th@resenceof different stellar
populations, a pixel-by-pixel approach can also defineg sytial distributionwithin the host galaxy. The

structures revealed in these 2D maps provide vital clues ahiere and how the constituent stars formed.

3.1. Pixel-by-pixel photometry

Pixel-by-pixel photometry of the core of NGC 4150 was cafrait on the WFC3 UVIS observations
taken in 5 broadband filter$ 225N, F336W, F438W\, F555W& F814N. We have concentrated ouff@rts
on the galaxy core since this is where we observe signifiaamld of NUV flux, which is most likely

27K -type stars were chosen as they exhibit weak H-absorpiti@s.| Conversely the A-type star visible to the South Eattef
galaxy core in Fig$.]2 arid 3 was rejected as stars of this tgpsgss strong H-absorption features.
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associated with young starBlUV photometry is crucial for the accurate determination dfateges (see
§3.2) and hence we limit our analysis to those pixels WithV (F225W) signal-to-noise (8) ratios greater
than 5. Small x,y shifts were applied, where necessary,igo &ach of the drizzled images relative to the
F438W frame, before 169160 pixel square sections of each image were creatdd @ 420 pc on each
side), centred roughly on the galaxy core. (The image sextitisplayed in Fid.]4 are in fact those used
in the following analysis.) The sky background in each imags measured from the median counts in
severalblankregions of sky to the NE and SW of the galaxy core, and well bdytbe extent of its optical
disk. These sky background levels were subtracted from efitte WFC3 images prior to calculating the
photometry.

The sky-subtracted image sections were read into a custdineb program which calculated the AB
magnitudgd, photometric error and/N ratio of each pixel, applying the zeropoints publishedr@n\WFC3
webpages]!. Photometric errors were calculated taking into constitareboth the total number of photo-
electrons collected by a given pixel over the course of aemfsion, and the readout noise associated with
the UVIS detectors - equatiohs 1 did 2:

ox = \/Fx-‘rRz (1)

Fx —ox

merr’x = —25|Og

2)
X
where F is the total number of photoelectrons collected in a giveIpihrough bandpasX, R is the
detector readout noise (UVIS3 €7), ox is the 1 sigma uncertainty in the pixel electron counts asatref
poisson and readout noise, andm is the associated magnitude error. The signal-ro-noise \n&ts also
calculated as 8l = Fx / ox.

The AB magnitude, photometric error angNJatio for each pixel, in each of the five broadband filters,
were output to a multi-column text file, while the photoméiny each filter was also output in the form of
individual FITS images, with 8! thresholds of5.

Figured ¥[ B and]9 detail several qualitative analyses of\fRE€3 photometry in the core of NGC 4150.
Fig.[4 shows a map of th&lUV-V) colour created by subtracting tR&55V photometry FITS image from
its F225W counterpart. Pixels with a/N ratio less than 5 appear white in this map, having been regig
a null value. (In practice the spatial extent of teefulcolour map is limited exclusively by the/l$in the
NUV (F225W) image. The SN ratio of the individual pixels in this image drops below Snatich shorter
radial distance from the galaxy centre compared to the algti@nds.)

Figs.[8 and® respectively show a colour distributibi)V — V) and a colour-colour plotNUV -V vs
B — V) of the core pixels in NGC 4150. In both cases the NGC 4150qvhetry is compared with pixel

28AB, = 0; f, = 3.63x 10 ergs s cm? Hz™*

2nttpy/www.stsci.ed¢hsywfc3/phot zp_lbn
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colours from a star-forming region in M83 (also imaged witlr @8 —LQhandal’_e_t_Hl._Zdlo; plotted in blue),
and integrated colours of nearby ETGs (plotted in blégk;m_allﬁmﬂc). Additionally the integrated
colours of nearb¥E+A galaxies- post-starburst, major-merger remnants with high masstiins of recent
i< 1 Gyr old) star-formation - are shown on the colour-colousrgdam (plotted in greeal.
20078

20074).

The central colours of NGC 4150 are consistent witipat-starbursistellar population, falling between
the currently star-forming M83 and the old, passively-eww ETGs. This is in good agreement with
our previous observation regarding the lack of significantéthission in the core of NGC 415@7 and
Fig. [de&f), which suggests that there are few, if any, veryng stars £ 10 Myr) and that the starburst
ended some time ago.

Comparison with the integrated colours of & galaxies,'bona-fide’ post-starburst systems, shows that
the central pixels of NGC 4150 are muedderin theB—V (optical) colour, while having similakUVv -V
colour. This can be explained as being due to higher massdinacof RSF £20-60 per cent) in the EA
galaxies L(Kaﬂtaj_el_AL_ZD_Qba). As the mass fraction of Ri&ffaases, th&lUV-optical colours become
dominated by the young stars and therefore change little fuither increases in mass fraction (Hig. 1).
At the same time, the optical colours become steadily bls¢ha optical light from the young stars begins
to compete with that from the old, underlying stellar pofiola This comparison therefore points towards
a lower mass-fraction of recent star-formation in NGC 41&#ntin B+A systems, and suggests that any
merger event that may have triggered this star-formatios wast likely a minor merger (component mass
ratio< 1:4).

3.2. Parameter estimation

We estimated the values of parameters governing the staata@n history (SFH) of NGC 4150 by com-
paring its 5-band pixel photometriNUV, U, B, V, 1) to a library of synthetic photometry, generated using a
large collection of model SFHs, specifically optimized fardying early-type galaxies at low redshift. Our
primary aims were to explore the age of the last star formati@nt at th@ixel-by-pixellevel, the fractional
mass of stars produced by this star formation, and the ruitialbf the recently formed stars. As a result of
the fitting process we also recovered the extinction for guadl. In this particular case of NGC 4150, the
foreground (Galactic) extinction was small @€ V) = 0.018; Schlegel et al. 1998). We therefore chose to
not to correct the photometry for foreground extinctioropto fitting, but rather estimate thetal extinction
(Galactic+ host) using a single extinction Ia‘lAL(Qalze_Lti_eH_aL_jOOOjisTapproach might not be reasonable
if the foreground extinction was larger, as the extinctiomves appropriate for the dust in the Milky Way
and host-galaxy could be quitefidirent. However, theffects of any dierences in the extinction curves are
mitigated here due to the small value of foreground extimcti

Before describing our model fitting in detail, we must striss utility of the UV in alleviating many
of the degeneracies thaffect similar studies; most notably those between age, no#ialhnd extinction.
When concerned with the properties of young stellar pojoriat(as we are in this study) the UV spectrum
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is key, as its response to even small mass fractions of yotang s significantly larger than that of the
optical spectrum. As demonstrated by Fif. 1 young stellassii@ctions of only a few percent can move
the NUV-optical colour of a galaxy bluewards by several miagles, away from the red sequence (i.e. a
purely old population). The corresponding change in thecaptolours is just a few tenths of a magnitude.
As a consequence, while the optical colours of ETGs are rddvery little scatter, their UV-optical colours
show a spread of almost 5 magnitudes (see Fig 4 in Kaviraj @0al7c).

Fig.[d shows that the size of this bluewards shift in UV-agdtimolour is extremely sensitive to the age of
the RSF, and hence more accurate ages can be determinethevititiusion of UV data. As demonstrated
in Kaviraj et al. (2007b), the addition of UV to traditionaptical photometry canfeectively break the
age-metallicity degeneracy, which allows us to simultaisoestimate both the age and the metallicity of
the young stars with a reasonable degree of accuracy angdipredVith regards extinction, the UV-optical
(F225W — F555W) colour is a factor of four more sensitive to dust than thdcapt(F555V — F814W)
colour, which gives us increased leverage in estimatingltis¢ content in the target galaxy.

We note that, while extremely sensitive to age, the UV-@bteolour is only weakly dependent on the
mass fraction of the RSF, particularly at mass fractionsigrethan 5 percent. This is because at greater
mass fractions the young stellar component begins to ddaentha galaxy spectrum, in the optical as well
as the UV. The UV-optical colour one measures is then, motess, simply that of the young stars, and
increasing the mass fraction further will only slightlffect the measured colour. However, the availability
of the optical spectrum alleviates some of the mass fraclEmeneracy since a population with a very large
fraction of young stars will have both blue UV and blue ogdtmaours, while a largely old population with
a few young stars will have blue UV colours and red opticabaod. The degeneracies between parameters
are therefore much less severe with the addition of UV dadalaie allows us to estimate the age, metallicity
and dust content of the target galaxy pixels with a high degfeaccuracy.

As we describe below, our scheme decouples the most recisodepof star formation from that which
creates the bulk, underlying population. We choose a pdreaaton for the model SFHs that both min-
imises the number of free parameters and captures the reapioelements of the star formation history
of ETGs in the low-redshift Universe.

Since the underlying stellar mass in ETGs forms at high rifidsid over short timescales, we model the
bulk stellar population using an instantaneous burst dt fedshift. We put this first (primary) instantaneous
burst at 3. Note that small changes to the age of the old populatios doedfect the derivation of the
properties of the young stars. The leverage in the paramtitar determine the properties of the recent star
formation comes exclusively from the UV spectrum to whica tid population does not contribute. The
metallicity of the underlying stellar population is fixedzat Z, since bulk stellar populations in ETGs are
observed to be metal rich (Henry & Wortngle%). Past erpes indicates that employing a metallicity
distribution (e.gl_S_Qh&A[Lnﬁlsi_eﬂéL_ZﬁbW) does not alterdbrived values of RSF parameters compared to
employing an old stellar population with a single metalyc(e.g.LKaﬂLaJ_e_t_dlLZD_O_JVc).

A large body of recent evidence suggests that the star fawmat these systems in thecal Universe is

driven by minor mergers (sée Kaviraj ei al. 2|()|10; Kaﬂirai Q,Qind references therein). This star formation
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is bursty and we model the RSF episode using a second insganis burst, which is allowed to vary in

age between 0.001 Gyrs and the look-back time corresporidiag= 3, and in mass fraction between O

and 1. Our parametrisation is similar to previous ones usetudy elliptical galaxies at low redshifts (e.g.
0).

To build the library of synthetic photometry, the metatljcof the second instantaneous burst of star
formation is allowed to vary in the range 0.4 2.5Z,, while a value of dust extinction, parametrised
by E(B - V) in the range 0 to 1.0, is added to the combined model SFH. Tikerdodel employed in this
study is the empirical dust prescriptionLQfLLalZE_tli_étlaDﬂﬁb). Photometric predictions are generated by
combining each model SFH with the chosen metallicity an8-EY) values and convolving with the stellar
models o .@3) through the WFC3 filtersets. Theautainties in the stellar models (which may
contribute to @sets from observational data el.g. Eisenstein ét_al.l;[Maraston et HI. 20|()9) are
taken to be 0.05 mags for the optical filters and 0.1 mags @NKthV passband. The model library contains
~ 750,000 individual models.

The primary free parameters in this analysis are the agyenfetallicity (Z2) and mass fractionff) of the
second burst (the mass fraction of the primary burst is siript f2). A secondary parameter of interest
is the overall dust properties of the system. In each caseydhue of the free parameters are estimated
by comparing the photometry of each pixel to every model exginthetic library, with the likelihood of
each model (expy?/2) calculated using the value gf, computed in the standard way. From the joint
probability distribution, each parameter is marginaliseextract its one-dimensional probability density
function (PDF). We take the median of this PDF as the begnesti of the parameter in question and the
16 and 84 percentile values as the ‘one-sigma’ uncertaiotighis estimate. In the analysis that follows we
present these median parameter values and one-sigmaaimnitest

Note that the quality of the fits depends critically on our access to the rest-frame U\¢lwvhosts most
of the flux from hot, young main sequence stars. The levenaggedomes entirely from the Uéptical
colours. Adding more long-wavelength (e.g. WFC3 IR) filthess no impact on the estimation of RSF
parameters. Prior experience with 2MASS and UKIDSS NIR dadécates that addition of NIR filters
makes the PDHsroader, but does not change the median values of the parametersehmal.
) also found that inclusion of NIR data had little or rfizet on mean parameter values.

4, Resultsand Discussion

Figured ID&TIN shows the results from our parameter fittimg@dure in the form of both histogram plots
of the one-dimensional distributions of the median paramedlues within pixels, and as two-dimensional
parameter maps. In each case the plots represent the pararmfthe second anmiost recenburst of
star formation in a given pixel, while the underlying popigda is assumed to have formed at high redshift
(z = 3) and be of solar metallicity (se¥8.2). Below we discuss the results for each of the parameters
(age, metallicity, extinction and mass-fraction) in tuangd dfer our interpretation in the context of the star
formation and merger history of NGC 4150.
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41. Age

Figured 1Da&b respectively show the 1D distribution and2bBemap of the age of the most recent burst
of star-formation in the central pixels of NGC 4150. The ag#dgram reveals a narrow peak in the RSF
age around 0.9 G@(lo- uncertainty 0f+0.12 Gyr), confirming NGC 4150 to be a post-starburst system a
was qualitatively suggested by the lack af ldmission (Fig[4) and the similarity & UV-optical colours
of the central pixels to those of+A galaxies (Fig[J7). We further interpret this age as thatrohasumed
merger event which we believe both supplied raw materiand, triggered, the recent starburst.

The RSF age map reveals further details. The vast majoripyxefs, as we know from the 1D histogram
plot, have an age of 0.8 - 1.0 Gyr, which are plotted as lighe pturquoise on the 2D map. This Gyr old
population forms a broad, spiral-like structure which appdo sweep clockwise from the SE (bottom left)
around to the north and finally into the core of the galaxys ppassible that this population actually forms
a ring around the galaxy core, the southern part of whichddém by dust. However, superimposed on the
broad Gyr old population is a narrow, clumpy stream of youtagssranging from~500 Myr (dark blue)
to ~50 Myr (purple), which spirals from the NE (top left) clocksei into the galaxy core. The age of the
RSF varies along this stream, becoming younger as it appesatbe core, while the entire feature appears
to rotate in the same direction as the dust visible in the amsmasked-438/N-band image. The clumps
(~5 - 10 pc diameter) appear to be large clusters of young dtasspossible that the 1 Gyr old population
formed in a similar way , the clusters having since dissotegfidrm the more dtuse structure we see today.

4.2. Metallicity

The median pixel values and spatial distribution of the thieity of the young stars are shown in Fig-
ured I0c&d. The metallicity distribution shows a peak atsalar metallicity, with a median value 0.5
Zs and is truncated at 0.3 410 uncertainty 0f£0.13%,). Note that our model library included metallicities
as low as 0.04 £

From the 2D metallicity map there is a clear evidence for ameiase in metallicity towards the centre
of the galaxy, with values in the central region (yellow td)reanging from roughly 1.0 to 1.7Z Along
the clumpy stream of young stars mentioned§id. 1, we see an increase in metallicity with decreasing
age, with some of the highest metallicities measured bessgaated with the very youngest populations
of stars ¢30 - 100 Myrs - purple in age map). However, some pixels on thehern edge of the very
young (purple) feature near the centre of the age map haalitiges of between 0.3 - 0.7Z Indeed the
youngest ‘pixel’, with an RSF age of just 4 Myr, has a metdiliof 0.29 Z,.

The Gyr old population (light blugturquoise in age map) which forms the broad, perhaps sptraiture
we described in the previous section is of sub-solar meitglliin the range of 0.3 - 0.7 Z However,

30To check the consistency of our technique, in Eig. 10 we coenfiee NGC 4150 pixel age distribution with that of a currgnt|
star forming region in M83. As one would expect we see a cleakglose to zero for the M83 distribution.
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there appears to bedastinct population of 0.8 - 1.0 Gyr stars, either side of the duseaobed core, with
greater than solar metallicity (oranged pixels either side of core in metallicity map, which agpkght
blugturquoise in age map). Note that thétdrence in metallicity between these populations (0.3 - Q.7 Z
and 1.2 - 1.7 &) is significant when compared to the typicat Lincertainty of+0.13Z,. In Fig.[12 we
present, separately, marginalized PDFs for pixels whiake y@mung-stars with (median) metallicities less
than 0.4 Z and young-stars with (median) metallicities between 1 aBdZl respectively. It is clear from
these plots that the low and high metallicity populations iadeed distinct. This clear separation is made
possible due to the smaller degeneracies between paramdtieh result from the inclusion of the UV data
(see$l3.2). These two populations clearly formed at around theesamme, but must have formed from two
distinct sources of gas with fierent metallicities. We propose that the broad, low-mietsilpopulation
formed from material accreted from a gas-rich satellitexgglduring a recent mergerteraction, while the
higher-metallicity, central population may have formeahfr metal-rich gas already present in NGC 4150,
which, due to gravitational torques induced by the mengiraction, was caused to lose angular momentum
and fall to the galaxy centre.

Assuming that our hypothesis is correct, the truncated edle metallicity distribution (Fid_10c) is then
representative of the gas-phase metallicity of the galaay merged with NGC 4150 roughly 1 Gyr ago.
From the mass-metallicity relation m DOk estimate the mass of the accreted galaxy to
be~3x10° M, roughly 20 the mass of NGC 4150, and consistent with a minor mergés.ig admittedly
a very crude estimate. The extrapolated uncertainties frorhlLQm_inj_e_tJé‘L_ZﬁbM, Fig.6 of yield nesss
for the accreted galaxy in the range of 1x1®® M, assuming Z= 0.5Z,. Combining these values with
the lower limit for the stellar mass of NGC 4150 from Table 22¢4.0° M) we find anupper limitfor the
merger component mass ratio 0f1:4.25, which is close to the threshold (1:4) but still cetet with a
minor merger.

Previous observational studies and N-body simulations fawnd that mergers and interactions can lead
to flattening of the metallicity gradients in the componealagies, mainly due to inflows of metal-poor

gas from the outskirts of each galaxy (eLg,_Rupke_Hl_aLJﬁMMalIep_el_a'.LZQdQLKLabbﬁ_QdiL_ZﬁbO&
Michel-Dansac et AJI. ZOJ)B; Martin et EI. 24)00). Unfortuhatere can infer little about the global metallicity

gradient in NGC 4150 from our HST analysis, as the UV flux igrieted to just the core of the galaxy.
However, we recognize that these studies suggest an aitersaurce for some (if not all) of the low-
metallicity gas which fueled most of the RSF in the galaxyecare. the inflow of metal-poor gas from
the outer parts of NGC 4150 during the galaxy mefig@racton. This, of course, requires that NGC 4150
harboured such a gas reservoir in the first place. We alsothatef this scenario is correct, and the gas
fueling the RSF was sourced mostly (or entirely) from withi@C 4150, we cannot use the metallicity of
the metal-poor RSF to constrain the mass of the compani@xygal
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4.3, Extinction

Figured 1De&f show the distribution and map of extinctioluea for each of our fitted pixels. Note that
the pixel-by-pixel photometry was not corrected for smadl&gtic extinction (E8 — V) = 0.018; Schlegel
et al. 1998) prior to running the parameter estimation {g&¢&l). The typical & uncertainty on the fitted
values of EB - V) is £0.035.

The most obvious (and again reassuring) observation frenextinction map is that it tends to trace the
dust, with higher levels of extinction being associatechwiite dustier regions observed in Figs[3&4. The
highest levels of extinction (B(— V) ~ 0.6 - 0.8) are associated with the most recently formed §t&88
- 100 Myrs), which are found in the very core of the galaxy fperin age map). However, we note that
the central population of Gyr old stars, with super-solatattieities, sufers significantly lower levels of
extinction (EB-V) ~ 0.1-0.3).

4.4, MassFraction

Figure[11l shows the mass distribution and map. Note that #esmaction uncertainties are typically
larger because the same UV colour may be consistent withenaite of mass fractions. This is essentially
because as the mass fraction increases the young stellpooemt begins to dominate the SED, so that the
normalisation changes but the shape of the SED (which detestthe colours) does not. While the UV
colour changes rapidly with age (regardless of the mastdrgahe mass fraction itself is more degenerate
(Fig.[). Typically the mass fraction errors are much bettarstrained for low values of mass fractions,
which correspond to younger ages {;; = +0.04 for fa < 0.2; foerr = £0.1 for f, > 0.2).

Weighting the pixel mass fractions by their uncertaintieddg a typical of RSF mass fraction of around
20 percent per pixel. We find that approximately 12 percent-b&ind galaxy light is contained within the
fitted pixels in the core of NGC 4150, which further suggeats(ming a constant mass-to-light ratio for
the entire galaxy) that roughly 12 percent of the galaxy nmeentained within these pixels. We therefore
estimate theotal mass fraction of young stars in this galaxy to be around 2r8que:.

Note that the typical values for the age (1 Gyr) and massifna¢20 percent) of young stars in the central
pixels of NGC 4150 implies that the young stellar componemitigbutes around 94 percent of the flux in
F225V (NUV), and 64 percent of the flux IR555WV (V) across the fitted region.

5. Conclusions

We have presented a spatially-resolved NUV-optical stddigeearly-type (S0) galaxy NGC 4150, using
new HST WFC3 data. Previous work by other authors has shawgdhaxy to have a stellar mass of around
6x10° M, roughly 5x 10’ M, of molecular hydrogen, a kinematically decoupled coreiative of recent
merging) and strong, centralgHabsorption (indicative of young stars). While relativelginspiring in
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its optical image (Fig.12), the core of NGC 4150 shows ubaustNUV emission and remarkable dusty
substructure (Figgl 3B 4). The galaxy lies in the dxeen valley(Fig.[8) and its pixels exhibit a narrow
range of NUV-V) colours that are similar to those of neagmyst-starburs{E+A) galaxies, and lie between
those of M83 (an actively star-forming spiral) and the lagpailescent ETG population (Figl 7).

We have parametrised the properties of the RSF (age, masisframetallicity and internal dust content
- Figs.[10 &11) in the NGC 4150 pixels by comparing the obséiNé& V-optical photometry in five filters
(F225\, F336W, F438W, F555\, F814W) to stellar models. The typical age of the RSF is around 0.8 Gy
consistent with the similarity of th&UV-optical colours to post-starburst systems. The RSF age map
reveals somewhat youngerJ0 - 500 Myr) substructure, includingcdumpystream of stars spiraling into
the galaxy core.

We found the typical RSF metallicity - which is represenetdf the metallicity of the gas fuelling star
formation - to be~0.3 - 0.5 Z, but note that within 0.75 of the galaxy centre the recently formed stars
have metallicities in the range 1.0 to 1.4.ANe propose that the most central RSF may have been fuelled by
metal-richgas already present in NGC 4150 that was caused to fall ietgdlaxy centre as a result of the
merger, while the surrounding stellar population formemrfimetal-poorgas accreted during the merger.
Assuming this scenario to be correct, the lowest RSF meitadk (0.3 - 0.5 £) plausibly indicate the gas-
phase metallicity (GPM) of the accreted galaxy. Compariedhe local mass-GPM relati al.
) suggests (crudely) that the mass of the accretedmsyste 3 x 10° My, making NGC 4150 a 1:20

minor merger. Summing the error-weighted mass fractiorRS¥ in each of the pixels, we found that the
RSF contributes approximately 2-3 percent of the totalastehass of the galaxy.

This work redfirms our hypothesis that minor mergers play a significantirotae evolution of ETGs at
late epochs (e.g. see recent paper{s_b;LKmLir_aJJ tm&z&mmm&udlm. While many previous
works have relied upon integrated photometry of large saspf ETGs, this WFC3 study confirms the
value of 2D analyses of individual, nearby systems in whitghdtructure and morphology of the constituent
stellar populations can be resolved. In a forthcoming pégaviraj et al. in prep.) we will present a study
of the globular cluster (GC) population in NGC 4150 using WFC3 data, while future HST observations
will lead to similar investigations of several other nearbgrly-type galaxies.
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Fig. 1.— Sensitivity of the UV - optical colour of compositeelbar populations to young stars. Each
composite population assumes two instantaneous burdirddemation, the first burst fixed at old gbegh
redshift (z3) while the second is free to vary in age and mass fractioresé@models also assume solar
metallicity and no dust. The NUV - optical colour (in this eadST WFC3F225W — F555W) of the
composite stellar population is plotted as a function ofage (symbol) and mass fraction (abscissa) of the
second burst. It is clear that even a small mass fractidnpercent) of young stars{ Gyr) results in a
significant change in thBlUV — V colour compared to that of a purely old stellar populatiB2Z5W —
F555WV ~ 6.4). The spectrum of the young component begins to dominatedmbined SED as its mass
fraction increases beyonéb percent. Hence, for higher mass fractions, the UV-optiokdur remains more

or less constant.
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Table 1: Properties of NGC 4150

@ 32000 12110M335.67 1
032000 +30°2405”.9 1
Morphological type SA#(r)? 2
Position angle 148 1
Inclination angle 58 1
VHeliocentric 219+ 18 kms? 1
u 30.66 + 0.16 mag 3
Galactic reddening  E(B - V¥ 0.018 mag 4
Mg -18.48 mag 5
(B-V)e 0.83 mag 1
LogLg (Lgo) 9.50 6
LogLks (Lkse) 10.02 6
M. 6.3j§:} x 10° M, 7
Mn, 3.8-6.6x10" M, 8,9

1) LEDA (httpy/leda.univ-lyonl1.ff); (2) NED (http7/nedwww.ipac.caltech.edu (3) Distance modulus is mean m& al.
_M) and Rekola et al. (2(105) SBF measurements; (4) Erdnie@ et aH_(@S); (5) Absolu@ magnitude froal.
_@); (6) Frol9); (7) NGC 4150 stellar meadsulated usingv/L - colour relations frol3) and
assuming MQS) IMF (NGC 4130;/Lks = 0.6°53); (8) Molecular hydrogen masses from Welch & Sage (2003)

and (9) Combes et al. (2007)

Table 2: HST WFCBJVIS observations of NGC 4150

Date Filter Exposure Time
(s)

2009 Oct30 F225W 3252

2009 Nov 09 F336W 2486

2009 Nov 09 F438W 2173

2009 Nov 09 F555W 1414

2009 Oct 30 F657N (W + [N 1]) 2508

2009 Oct30 F814W 2048



http://leda.univ-lyon1.fr/
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Fig. 2.— RGB image of local SO galaxy NGC 4150 created from \WWRG/IS F438WN (Blue), F555/V
(Green) and=814W (Red) observations. The white squares indicate the fidldgeas shown in Fig. 2a&c
(large box) and Fig. 2b&d (small box). North is up and Easbithe left.
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Fig. 3.— HST WFC3 images of NGC 4150 (fields-of-view indichts Fig.1).(a& b): RGB images created
using 225V (Blue), F438W (Green) and=657N (Red) WFC3 UVIS observations. The areas of the core
not obscured by dust are brightf225V (NUV) indicative of a relatively young population of stafs& d):
Unsharp-maske&438WV images revealing the distribution of dust. In all cases N@up and East is to the
left.
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Fig. 4.— Individual bandpass HST WF@AB/IS images of the core of NGC 4150. (a-f):
F225MN, F336W, F438W, F555M, F657N (Wide H,+ [N 11]), F657N minuscontinuum (which has the same
flux scaling asF657N), and F814W. Note the clear presence of structure in BV (F225V) image,
indicative of recent star formation. Note also the lack gh#ficant H, emission in thé=657N - continuum
frame, suggesting that there are few very young stargs®f 10 Myrs. All images oriented such that North
is up and East is to the left.

GALEX NUV HSTMWFC3 F225W

Fig. 5.— Comparison of GALEX and HWFC3 observations of NGC 4150, both taken inhgV. The
GALEX NUV PSF (&) is ~20,000 times larger in area than that of the properly drizxAéd-C3 images
(0.04"). As a result the entire central region of NGC 4150, which ee i& exquisite detail in the WFC3
data, is completely unresolved by GALEX.
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Fig. 6.— Colour-magnitude diagram showing integrated pmattry of NGC 4150 within 1 & s compared
with the nearby early-type galaxy (ETG) population ideedfbyLKaMLLa,i_el_dl.L(ZD_O_JFc) in SDSS DR3 and
GALEX MIS data. The blue horizontal line indicatedJV — V) colour of the strongest UV-upturn galaxy
in the local Universe, NGC 4552, in which theJV flux is dominated by the old stellar population (extreme
horizontal branch stars). Th&lJV — V) colour of NGC 4150 is significantly bluer and is most likelyed

to recent star formation.
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Fig. 7.— NUV - V colour map of central’6x 6” of NGC 4150 using a signal-to-noise cut af.5The
colour distribution and colour-colour plots of these psxate shown in Figurés 8[& 9.
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Fig. 8.— Colour distribution of pixels in the central regiohNGC 4150 (red) compared with pixel colours

from a star-forming region in M83 (blue - also imaged with Wgj@nd integrated colours of nearby ETGs
(black;|Kaviraj et QHMC). The central colours of NGC @Hse consistent with a post-starburst stellar
population, falling between the currently star-forming 3/hd the old, passively-evolving ETGs. See also

Fig.[Q
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Fig. 9.— Colour-colour plots of pixels in the central regimiiNGC 4150 (red) compared with pixel colours
from a star-forming region in M83 (blue - also imaged with WajCintegrated colours of nearby ETGs
(bIack;LKaﬂLaj_e_t_aiLZD_Ojc), and integrated colours ofrbgeE+A galaxies (greer{:_lsaﬂtaj_e_t_H.L_ZQ_Cb?a)
- post-starburst, major-merger remnants, with high messtibns of recent< 1 Gyr) star-formation. The
central colours of NGC 4150 are consistent with a post-statlstellar population, falling between the
currently star-forming M83 and the old, passively-evolviBTGs in colour-colour space. Redder optical
colours (F438W-F555W) than#A galaxies suggest a lower mass-fraction of recent standition in NGC
4150.
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Fig. 10.— Results of the parameter fitting routine shown agikBl distributions and 2D maps. Fitting was
performed on all pixels with signal-to-noise greater than &ll five broadband filters. The spatial extent of
our parameter fitting was therefore limited by the depth efNitUV observations (see Figl 7a). The error
bars on the histogram plots indicate the typicaleirrors associated with the fitted parametéas. b): Age

of the most recent burst of star-formation in the centraklsixof NGC 4150. (c& d): Metallicity of the
most recent starburst in NGC 4150& f): Extinction values for each of our fitted pixels. Note that th
pixel-by-pixel photometry was not corrected for Galactitirection (E(B-V) = 0.018; Schlegel et al. 1998)
prior to running the parameter estimation. Furthermore, 1B distribution is biased towards lower values
of reddening, since, by setting @\Blimit of 5, we ignore pixels with high extinction. See texrt§ 4 for a
full discussion of the parameter distributions and maps.
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Fig. 11.—(a): 1D distribution andb): 2D map of stellar mass fraction (per pixel) of the most rédemst
of star-formation in the central pixels of NGC 4150. The twoebars on the histogram plot indicate the
typical 1o- uncertainties on fitted mass fractions of less than 0.2 (smalr bar) and greater than 0.2 (large

error bar). See text for details.
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Fig. 12.— The combined, marginalized PDFs for pixels with(Str burst - i.e. RSF) metallicities less than
0.4 Z, (left panel) and RSF metallicities between 1 and 1l.5ight panel). It is apparent that the low and
high metallicity populations are indeed distinct. The sapan of these two populations is made possible
due to the inclusion of UV data, which leads to a reductiornendegeneracies between age, metallicity and

extinction.
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