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ABSTRACT

We use empirical star formation histories (SFHs), measfroed HST-based resolved star color-magnitude
diagrams, as inputinto population synthesis codes to nibddiroadband spectral energy distributions (SEDs)
of 50 nearby dwarf galaxies < logM/M.. < 8.5, with metallicities~ 10% solar). In the presence of
realistic SFHs, we compare the modeled and observed SEBstfi® ultraviolet (UV) through near-infrared
(NIR) and assess the reliability of widely used UV-based &iemation rate (SFR) indicators. In tHeUV
throughi bands, we find that the observed and modeled SEDs are in excaljreement. In th&pitzer
3.6um and 4..um bands, we find that modeled SEDs systematically over-pretiserved luminosities by up
to ~ 0.2 dex, depending on treatment of the TP-AGB stars in the ggighmodels. We assess the reliability
of UV luminosity as a SFR indicator, in light of independgntbnstrained SFHs. We find that fluctuations
in the SFHs alone can cause factor~oR2 variations in the UV luminosities relative to the assumptof
a constant SFH over the past 100 Myr. These variations arstratgly correlated with UV-optical colors,
implying that correcting UV-based SFRs for the effects aflistic SFHSs is difficult using only the broadband
SED. Additionally, for this diverse sample of galaxies, wedfthat stars older than 100 Myr can contribute
from < 5-100% of the present day UV luminosity, highlighting thealtenges in defining a characteristic star
formation timescale associated with UV emission. We do finelationship between UV emission timescale
and broadband UV-optical color, though it is different thmadictions based on exponentially declining SFH
models. Our findings have significant implications for thenparison of UV-based SFRs across low-metallicity
populations with diverse SFHSs.

Subject headings: galaxies:dwarfs — galaxies:fundamental parameters xigatahotometry — galaxies:star
formation — galaxies:stellar content

1. INTRODUCTION 11998; da Cunha et al. 2008; Noll et al. 2009).

Measuring the stellar mass and star formation rate (SFR) ,Star formation histories (SFHs) are a critical component
from a galaxy’s observed spectral energy distribution of SED modeling. A different SFH can change the rela-

(SED) relies on stellar population synthesis (SPS) models.fionship between physical quantities and the SED. However,
These models combine knowledge of stellar evolution "€ SFH of individual galaxies is usually poorly or only
and stellar spectra to convert between observations an r?arst()ely kngwni_ﬁnd_sorre aSSL(Iijp'[IOI’l about its form mSuFSIt?{
physical quantities. In recent years it has become commontN€n P€ made. The simplest models assume a constant ,

to compare observed galaxies to model SEDs across ho derive linear scalings between SFR and luminosity (e.g.,
range Opf wavelengths, gto derive multiple galaxy proper- [199B). More sophisticated modeling involves al-

ties (e.g. stellar mass, SFR, metallicity) self-consiggen OWing the SFR to vary with time, though it is usually pa-
Fitting model SEDs to observed SEDs is now done for Fameterized to be a smoothly varying function. A common
parametrization is the-model, where the SFR declines expo-

both low and high redshift galaxies (e.g!. _Arnouts étal. : : _ :
2007; [Salimetal. [ 2007;[ Schaerer & de Barrds__2010; nentially (Tinsley 1968; Madau etlal. 1998; Kauffmann et al.
Whitaker et all 2014: Curtis-Lake et al. 2012: Maraston et al 2003;\Walcher etal. 2011). The timescale and amplitude of

2012; [Mentuch Cooper etial. 2012), and from ultraviolet this parameterized SFH is then constrained by the SED.itself

¥ [ Silva et Difficulties in this approach arise from: 1) well-known and
(UV) to far-infrared (FIR) wavelengths (e.g. al significant degeneracies between SFH, dust attenuatiah, an

. i . . . stellar metallicity (e.g.,._Johnson ef [7a; Walchexet
P l-ln%%ﬁ d,:AStrOphyS'que de Paris, CNRS, UPMC, 98bis Bage. 55717, and refe};e(ncgs therein); andmé_)zggses in the derived
aris , France ’ ’ /
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known.

Instead of assuming a parameterized SFH, strong con-
straints on the real SFH can be obtained from a galaxy’s
resolved stellar populations (e.d., _Tosi et al. 1989; Dmiph
[2002). The location of individual stars in a color-magniud
diagram (CMD) constrains their evolutionary state, and can
be used to infer the SFH for an assumed initial mass function
(IMF). Studies of the resolved stellar populations of ngarb
galaxies are now routine with HST (e.¢ 009;
Dalcanton et &l._ 2009; Hidalgo et al. 201.1; Grocholski ét al.
2012; Dalcanton et al. 2012). With the SFH thus constrained
by the CMD of resolved stars, we can determine the impact of
realistic SFHs on typical conversions between observed and
physical properties.

One advantage of using the SFH measured for real galax-
ies, as opposed to a SFH drawn from semi-analytic models,
is that it is possible to directly compare the measured SED to
the SED inferred from the SFH. This comparison allows usto Fic. 1.— Specific star formation rate versus stellar mass forstireple
test the consistency of the SFH and population synthesis modgalaxies, where both have been derived from the SFH. Fortéflarsmass,
els with broadband observations from the ultraviolet (Uy) t ‘e have applied a correction based on the amount @irB.ght falling out-

. - side the HST footprint to obtain an estimate of the totalatehass. The error
the near-infrared (NIR)._An_other advantage of using the SFH bars are derived from the Monte Carlo realizations of the Sitd encom-
measured for real galaxies is that we can explore the efécts pass 68% of the distribution of values. For the stellar maese errors are
other galaxy properties on the SED (e.qg., reddening by dust) typically smaller than the symbol size. Each point is caloded by the mor-
The realistic SFH inferred from the CMD of individual stars ~ Phological type. The top axis shows the gas-phase metallitierred from

. . the mass-metallicity relation al._(2D06). Gregtsshows galaxies
serves to fix a large number of parameters in the SED quelfrom the SDSS main galaxy sample. The dahsed line is an ekt to
that usually have to be fit at the same time as other, possiblylower mass of the SF sequence determined by Schiminovidh G0&7).
degenerate, parameters.

The paper is organized as follows. Inl 82 we describe theimaging has been obtained as part of the 11HUGS and LVL
sample of galaxies, the broadband UV through MIR observa-surveys respectively (Lee etlal. 2011; Dale et al. 2009), and
tions, the SFHs as derived from the resolved stellar CMDs of we refer the reader to these papers for detailed discussion
each galaxy, and how we predict the broadband SED usingof the data reduction. Additional optical imaging for galax
the CMD-constrained SFHs as input. I §3 we compare theies outside the SDSS footprint has been obtainef by |Cook
predicted luminosities to the observed luminosities inngve  (2012), through the Johnson-Cousln8VR filters. Unfor-
band, highlighting discrepancies in the NIR. [d 84 we explor tunately, the low surface brightness of these galaxies make
the possible origins of these discrepancies, includingeunc  NIR J,H, andK measurements difficult from the ground (e.g.,
tainties in the population synthesis model ingredients§dn  [McIntosh et al| 2006), and we do not consider these bands
we consider the effects of dust attenuation, metallicibgd a  here.
stochastic sampling of the IMF on the observed SED[In 86 We have measured the broadband luminosity that falls
we investigate how the SFH affects the conversion of UV lu- within the intersection between the HST footprint and large
minosity to SFR. apertures designed to encompass the entire UV and NIR ex-
tent of the galaxy as follows. For the SDSS imaging we es-
timate the background from Gaussian fits to the lower 85%
of flux values in elliptical annuli extending from 1.5 to 2
times the semi-major axis of the galaxy aperture. These es-
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2. DATA
2.1. Sample

We analyze galaxies from the ACS Nearby Galaxy Survey
Treasury (ANGST; [_Dalcanton etlal. 2009), which consists
primarily of dwarf galaxies (M < 10° M) with distances
less than 4 Mpc. The sample spans a range of colors, mor
phologies (dE to dim), and SFHs. We have chosen a subs
of ANGST galaxies for which HST observations sample a sig-
nificant fraction of the total galaxy extent, and where thgtde

and quality of the observations provide for robust measures

of the SFH[(Weisz et al. 2011). The 49 selected galaxies ar
listed in Tabld®2, along with their distances and other globa
properties. In FigurEl1l we show the specific star formation
rate (sSFR, the SFR divided by the stellar mass) versus stel
lar mass (where both quantities were derived from the CMDs,
see BZW and[&2.5) for the sample galaxies, color-coded b

morphological type (&213).
2.2. Broadband SEDs

The integrated galaxy SEDs are derived from broadbandDale et a

imaging available fronGALEX (Martin et al.[2005), SDSS,
and Spitzer (Werner et all 2004). Th&ALEX and Spitzer

alaxies).
e[m}am

timates are consistent with the SDSS pipeline values atsid
the galaxy extent (see_Blanton etlal. 2011, for a discussion
of biases in the SDSS background determination near large
For thespitzer Infrared Array Camera (IRAC,
4) imaging we use the background determina-
tions of[Dale et al.[(2009). For tHBALEX imaging we esti-
mate the background by median filtering tBALEX pipeline-
roduced background images in the same elliptical annuli as
as used for the optical backgrounds. T&&LEX pipeline-
produced background images include masking of detected
sources and account for the Poisson statistics of the lowteou
rate images. We subtract these backgrounds from the flux that
falls in the HST footprints and the galaxy apertures.

Y For GALEX and Spitzer we use the standard photometric

zeropoints. For the SDSS data the photometric calibrasion i
taken from the calibration data provided for each SDSS imag-
ing frame. Masking of foreground stars and artifacts foow
[(2009) and Lee etlal. (2011), though we have in-
spected the foreground masks by hand for these galaxies to
be sure that no UV bright clusters are mistakenly masked.



For several galaxies the presence of nearby and extremely

bright foreground stars makes accurate photometry impossi
ble. These galaxies are DDO78, KKR025, and IKN. Though

we do not consider the photometry at any wavelength for these

galaxies, we retain them in the sample since they can still co
tribute to conclusions based solely on the modeled fluxes (se

§2.5 and EB). The quoted photometric uncertainties of the

GALEX andSpitzer fluxes are typically dominated by calibra-
tion uncertainty[(Dale et al. 2009; Lee eflal. 2011), but sys-
tematics related to sky background estimation (espedially
the ground-based, U, andz bands) and unsubtracted fore-
ground stars likely contribute substantially to the truetoh
metric uncertainty.

Our photometry is reported in Talilé 3. The fraction of the
total g or B-band flux that falls within the HST footprint is
listed in Tabld 2. We also list in Tablé 2 the estimated frac-
tion of the blue optical light that is contributed by resalve

stars used in the SFH determinatiof (2.4). Corrections for

Milky Way reddening are derived from the reddening maps of

[Schlegel et dl1.[(1998); the adopted conversions from E(B-V)
to A, are given in Tablg]l. For th@ALEX bands these con-

versions follow Gil de Paz et al. (2007) and for the optical we
derive the conversions from the Milky Way extinction curve
of(Cardelli et al.[(1989) with R=3.1 . We convert between
absolute magnitudéV(,.) and solar luminosities using

logvL, =logc/Ae+(51595-M,.)/2.5-logLs

1)

where), are the effective wavelengths of the bdhas given
in Table1 and_, = 3.827x 10*erg/s.

2.3. Additional Galaxy Properties

We also consider measures of internal dust attenuation and

metallicity, which are known to affect the SED. Accurate
estimates of dust attenuation are notoriously difficult ke o

TABLE 1
FILTERS
Band  Xert  Ax/E(B-V)mw
R
FUV 1528.1 7.9
NUV 2271.1 8.1
u 3546.0 5.0
U 3571.2 5.0
B 4344.1 4.2
g 4669.6 3.8
\Y 5455.6 3.2
r 6156.2 2.8
R 6441.6 2.6
i 7471.6 2.1
| 7993.8 1.9
z 8917.4 1.5
3.6um 35416.6 0.0
4.5um  44826.2 0.0
5.6um  56457.2 0.0
8um 78264.8 0.0

2. FollowingWeisz et al[(2011) we define the galaxy types
dwarf spheroidal (dSph, g 0), dwarf irregular (dlrr, T=10),
and dwarf spiral (dSpiral, Z T < 10). We include the dwarf
transition (dTrans) type, defined as galaxies with detéetab
gas content but undetectablerledmission. The galaxy metal-
licity may be estimated from a mass-metallicity or lumirigsi
metallicity relation. We use the 4uBn luminosity-metallicity
relation of Berg et d1/(2012) to estimate the gas-phaselmeta
licity. The resulting estimates of the gas-phase metjlmie
listed in Tabld 2. The metallicities are typically well belo
solar.

2.4. Deriving SFHs from Resolved Sars

We derived SFHs for the sample from their optical stellar
CMDs. The methodology involves matching the observed

tain. For the vast majority of the sample, measurements ofgensity of stars in color-magnitude space to linear combina

the Balmer decrement are not available, and so attenuation

cannot be measured in this way (Lee éf al. 2

$ions of the CMD density expected from simple stellar popula

009). Such meatjons (SSPs) of various ages, including reddening by dusbt an

surements also only sample the very youngest stars, not theypservational effects modelled with extensive artificielr s

attenuation of the stellar population as a whole. Howeter, t

tests; a more detailed description can be found in Weisz et al

broad wavelength coverage of this sample allows us to use thg2011). The CMD fitting takes into account Poisson statis-

infrared-to-UV ratio (IRX), which is available for the majo
ity of the sample. Following Hao etlal. (2011), we estimate
the FUV attenuation in magnitudes from the ratio ofi2#to
FUV flux as

_ vL,(24um)
Afw_2'5log\1+n7uL,,(FUV) ) (2)

wheren = 3.89 is a scaling factor determined from observa-

tics when measuring fit quality, and thus implicitly inclede
the effects of stochasticity in the population of the IMF on
the number of stars of a given mass (or luminosity) in the
error estimate (s€e_2.6). The constraint on the most recent
SFH comes primarily from main sequence stars, whereas the
SFH between 58500 Myr is largely constrained by easily
identified helium burning (HeB) stars, which follow a rough
luminosity-age relatio lal. 2002).

tions. This relation has been calibrated[by Hao et al. (2011) The CMDs were derived with stellar metallicity in each

using attenuations derived from the Balmer decrementjtalbe
for a sample of galaxies with higher luminosities and larger
average dust attenuation. For galaxies undetected.an 224
of the 49 sample galaxies), we use theZdum flux limit to
define an upper limit on the attenuation. The resulting FUV
attenuations are given in Talglk 2. For the majority of the-sam
ple, Asy < 0.35 mag, consistent with their low luminosities.
Therefore, the uncertainties in the method used to deriwe th
attenuation are of minimal importance, because the alesolut
attenuations are undoubtedly small.

Morphological T-types are taken fram de Vaucouleurs et al.

age bin as a free parameter, and assuming a Salpeter IMF
from 0.1 to 100 (slightly different from the IMF used

in Weisz et al.[(2011)) and the stellar evolutionary tracks o
Girardi et al. (2000). Differential extinction of young sta

is included following the model a 03). In
this model a flat distribution of extinction values is apglie
to all stars younger than 100 Myr, with the maximum extinc-
tion increasing linearly fromd, = 0.0 at an age of 100 Myr to
Ay = 0.5 mag at an age of 40 Myr. By increasing the width
of the main sequence in the simulated CMDs this differen-
tial extinction model gives vastly improved fits to the data

(1991) and Karachentsev et al. (2004) and are given in Tableover no extinction. In[g5]3 we discuss the impact of differ-

9 We use the definition al_(1983) Xer

ential reddening and independent estimates of dust coimtent
more detail. The temporal resolution of the derived SFHs is
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Alogt = 0.1, which is coarser than the time resolution used

for the SFH derivation in_Weisz etlal. (2011), though finer 3
than the time resolution displayed in that work. The SFHs 10-2 —
are derived within the range 4 Myrlogtiookpack < 14.1Gyr. = L
An example SFH is shown in Figué 2. Z 10-E - E' Bl
We have used the SFHs to der{@ R)g, the average SFR = £ —F - |
over the last 100 Myr, and M the current stellar mass, by & s - (1 = |
integrating the SFH over time, accounting for stellar death & !0 F e N
using population synthesis models (s€e82.5). The regultin == = =
properties are listed in Tallé 2. The metallicities infdrfireom 107°¢ 1 i e
the CMD fitting, while uncertain, are consistent with the-gas
phase metallicities 0f€2.3 and Table 2. —14f
2.5. Predicting Integrated Luminosities from the SFH = —13F :
We derive the expected luminosity for each galaxy within = _12E| 3.6um
the area covered by the HST footprint, by inputting the mea- = 1
sured SFHs into a population synthesis code (see \\Wyder —11g 4 3
[2001, for an early example of this method). To be con- 1;5\\,
sistent with the derivation of the SFH we adopt the Flexi- T10E— : : =
ble Stellar Population Synthesis (FSPS, Conroy Et al.12009; — b . E
[Conroy & Gunh[2010) model (version 2.3, revision 60) as @ F Ry,
our fiducial model. This code uses the same Girardilet al. E of| FUV-NUV E
(2000) stellar evolutionary tracks for the main sequence up nf
to the AGB phase. The default FSPS models use the AGB ~ 1k 3
star isochrones df Marigo etlal. (2008), with modifications 5 W
as suggested in_Conroy & Gunn (2010). To maintain con- S OM
sistency with the derivation of the SFH from resolved stars, _1E ‘ ‘

we have used FSP®ithout these modifications; the effects

of changing the AGB isochrones on the predicted SED will
be discussed iN§4.1. Post-AGB evolution utilizes the tsack
of Vassiliadis & Wood [(1994). For main sequence and gi-
ant stars, the stellar spectra in FSPS models are from BaSeL
3.1 (Westera et al. 2002). Spectra of TP-AGB stars are from . P -

the empirical library of Lancon & Mouhcine (2002), with ex- SP::cl)\(/;stthe nggtfﬁ%gﬁa?ggrmggomﬁqu?ﬁ]stllcfttohrg oggsa?g%(lvrllgt?o%ram
tensions redward of 2:8n usinglAringer et al.| (2009) for  NGC4163, at higher temporal resolution than showh in Wefis#| §2011).

-ri - ‘RT- » The grey histograms show the MC realizations of the SFH. Ededashed
carbon-rich TP-AGB stars and the PHOENIX BT-SETTL line shows the SFR averaged over the past 100 Ni$FR)g). Middle: An

spectral I'brary for Oxygen'”Ch TP-AGB stars. The SpeOfra example of the modeled luminosity evolution. The coloreesi give the ab-
post-AGB stars are from Raudh (2002) and the spectra of OBsolute AB restframe magnitude in several bands as a funclidookback

and Wolf-Rayet stars are from Smith et al. (2002). We use atime, expected given the SFH in the top paridttom: Modeled color evo-
Salpeter IMF from 0.1 to 100 M for consistency with the  !ution forthe same galaxy.
CMD fitting. We consider a fiducial metallicity of 022, for
all models. This value is consistent with the measured gas-
phase metallicities, the metallicities expected from tlassa
metallicity relation, and estimates of the metallicityrfirdhe
CMD fitting. The metallicity has only a modest effect on the
UV and optical luminosities, as we discuss furthefin 85ntl a
we do not expect significant effects from limiting the models
to a single metallicity. These models do not include dust at-
tenuation or emission, except for the circumstellar erpeto A A : i .
of AGB stars. The stellar syrF:thesis models implicitly assum € beginning time of the bin, and the appropriate normaliza
that the CMD is fully sampled, and thus neglect stochastic ef 0N is applied.
fects due to small numbers of stars at high stellar masses or Noin
rare evolutionary phases. mod (1 = f: (=t )e T ()

We have also considered the population synthesis models 670 ZSFR'Z"A(t e ®)
of [Bruzudl {2007), which are based on the ‘Padova 1994’ _ o N
(Bertelli et al[1994) stellar evolutionary tracks, suppted ~ where SR is the SFR in time biri from the CMD based
by thelMarigo et al.[(2008) evolutionary tracks for TP-AGB SFH, li(t') is the luminosity at wavelength of the trun-
stars. The main difference between Girardi etlal, (2000) andcated constant SFR SPS model at ggandr, (t') is the dust
‘Padova 1994’ is a warmer (and bluer) giant branch in the for- extinction optical depth at wavelengihtowards stars of age
mer (Bruzual & Charlot 2003). There are some differencest’. In order to match the reddening model used when deriving
between the FSPS models and Bruzlial (2007) in the stelthe SFH from the CMD (§2]4) the maximum of(t -t is
lar spectral libraries used. However, we find that using the taken to linearly decrease from = 0.5 fort —t; < 40 Myr to
[Bruzual (20077) models instead of our fiducial models does notw, = 0 att —t; = 100 Myr. To account for the distribution of
significantly affect the predicted SED (except in tBa@tzer extinctions toward stars of a given age in the Sextans Ardiffe

10° 108 107

tlockback (yl")

5.8 and &m bands, sed84), and does not change our conclu-
sions.

In detail, we generate SPS models having constant SFR (of
1 Mg /yr) from zero age to the duration of each of the time
bins used in the SFH reconstruction, and zero SFR thereafter
The resulting spectra of the SPS models (with each model
corresponding to a single time bin in the SFH) are then inter-
polated logarithmically in time to a set of agest; wheret; is




ential extinction model (8214 and Dolphin 2002) the speuntru  the uncertainties on the SFR in individual bins.

of each bin,/; ,(t'), is divided into a large number of equal The second source of uncertainties in the SFHs are system-
pieces, each piece is extinguished using a differgntuni- atic effects due to differences between stellar models, (see
formly distributed up to the maximum for that time bin, and €.9., 2012; Charlot etlal. 1996: Conroy €t al. 2009;
the pieces are then summed. We note that this makes littlé/NVeisz et al[ 2011). Estimating the effect of these system-
difference from simply assuming one average valug,gier atic uncertainties on the predicted fluxes requires degivin
bin, regardless of the number of pieces. As the sample is pri-the SFH with different stellar models and then predictirg th
marily composed of low-mass, low-metallicity dwarf galax- broadband flux with the same model. The differences in the
ies, the shaﬁe of the extinction curve is taken to be that ofpPredicted fluxes when using these different stellar modiels t

the SMC [P 1992), and we neglect scattering. The resultingdive an estimate of the systematic uncertainty of the ptedic
£7d(t) are convolved with the appropriate filter transmission fux. While Weisz et all. (2011) have provided an estimate of

curves to determine the broadband Iuminoisl}?d(t), which the uncertainty in the SFH induced by uncertainties inatell

we refer to as the modeled (with dust) luminosity. We also isochrones, a fair estimatg of Fhe reSL_JIting unc_erﬁainu}ain
determine the modeled (intrigsic, dust—)free) Iumir¥osityall integrated broadband luminosity requires predicting the-i

J LT grated SED with the same (randomly) modified isochrones.
bands, denotelyY’(t) hereafter, by setting, = 0 for all ages. This is beyond the scope of the current paper, but deserves

Stellar masses, accounting for stellar evolutionary edfeare  reatment in future analyses. Readers are cautioned that th
derived in a similar way by replacing(t') with m(t’), the uncertainties in the physical parameters listed in Thbl@2 d
stellar mass of all surviving stars and stellar remnantgat a not include the (often dominant) systematic uncertairties

t’. Typically this stellar mass ig 0.15 dex smaller than the to changes in the stellar models_(Weisz et al. 2011; Dalphin
total stellar mass formed over the lifetime of the galaxy. [2012).

The SFR and duration of the most recent time bin is altered The third source of uncertainty in the predicted fluxes is the
so that the total mass of stars formed in that bin is distétbut ~ discrete time binning of the SFHs. At one extreme, the SFR
over the interval 0 to 4 Myr. This is because the derivation may fluctuate more smoothly than the derived SFH, simply
of the SFR from the CMD results in stars with ageg Myr due to the binning in time of a smoothly rising or falling SFH.
being ‘assigned’ (or fit by stars with) the minimum isochrone At the other limit, the true SFR may vary on timescales shorte
age (4Myr< tigokwack < SMyr). We include an estimate the than the width of a given bin (see, e.d., Eskew & Zaritsky
effects of nebular emission on the broadband luminosities2011, for a discussion of the impact of SFRs that vary
which we find to be less than 0.05 dex in all bands. strongly within a given bin). In general, these limitatiomi

Figure[2 shows an example of the derived luminosity evo- be a significant effect only for the wavelengths that are sen-
lution of one galaxy. It is clear that the discrete binning of sitive to timescales shorter than the resolution of the SFH.
the SFH has strong effects on the flux evolution, especially For example, the ionizing flux\(< 912A) is nearly always
at large lookback time when the temporal resolution is longe sensitive to the SFR on timescales shorter than the temporal
than the lifetime of the dominant stars. However, the fluc- resolution of the SFH, and therefore significant artifadts o
tuations in SFR at large lookback times do not significantly the binning scheme would be visible in thexlux evolution,
affect the present day luminosities. At small lookback sme even at small lookback times. For the broadband wavelengths
the temporal resolution is better, and the effect of theibipn  however, the temporal resolution is sufficient for the predi
on even the UV luminosity evolution is small. The effects of tion of present day luminosities.

binning in the SFH are discussed further[in $2.6.
3. COMPARISON TO OBSERVED SED: AVERAGE DIFFERENCES

2.6. Uncertaintiesin the SFH In this section we compare the modeled luminosities to the

There are several sources of uncertainty in the measurebserved luminosities. This comparison allows us to 1)yeri
SFHs that can affect the predicted luminosities. The first the reliability of the SFHs, 2) explore the effects of adufitl
source is random uncertainties due to the number of stargyalaxy properties on the SED, free from the potentially dege
in each region of the CMD. Statistical uncertainties on the erate effects of SFH, and 3) test the predictions of popnati
SFHs are computed through 50 Monte Carlo (MC) realiza- synthesis models in the UV and NIR.
tions. For each MC test, a Poisson random noise generator In Figure[3 we show the modeled present-day SED for a
is used to randomly resample the best fitting model CMD. subset of the galaxy sample, as well as the observed broad-
As a result, the uncertainties on the SFHs account for fluc-band luminosities. We also show the contribution of stars
tuations in the number of stars used to derive the SFH in aformed in several different broad age bins to the present day
given time bin. For each galaxy we repeat the analysis de-SED, and the residuals between the modeled luminosities and
scribed above for different MC realizations and then coraput the observed luminosities. In general there is good agreeme
the dispersion in the resulting flux at each wavelength to ob- In Figure[4 we plot the average differences between the ob-
tain an estimate of the uncertainty of the predicted flux at th served luminosities and the modeled luminosities as a func-
present day. This procedure also takes into account the cotion of wavelength, with error bars showing the standardrerr
variance between adjacent bins. The typical uncertainty inof the mean. The first thing to note is the excellent agree-
the predicted FUV flux isv 0.05 dex, and is unbiased with ment in the UV through opticaHUV throughi), where the
respect to the FUV luminosity of the best-fitting SFH. This overall normalization appears to be correct to within 0.%,de
uncertainty decreases to 0.01 dex redward of the band. and often much better. The stars used for the SFH determina-
A similar procedure is used to estimate the uncertainties intion typically contribute~40% of the total luminosity in the
(SFR)g and M., as derived from the SFH. Again, because of g throughV bands (though this fraction varies significantly)
significant covariance between time bins the uncertaioties  suggesting that the SFH is correctly inferring the behawefor
time averaged properties, including broadband lumiresiti  the remaining 60% of the flux.
are significantly smaller than implied by quadrature sums of However, in the NIR portions of the spectrum, we see sig-
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FIG. 3.— The modeled and observed SED for 12 of the sample galakieeach panel, the magenta points show the observed SEihéogalaxy, while
the black line shows the modelédokpack = 0 SED. The colored lines give the contribution to the presialy spectrum of stars formed in different time bins:
6.7 < logt; < 7.3 (purple), 73 < logt; < 8.0 (blue), 80 < logt; < 8.7 (green), 8 < logt) < 9.4 (orange), % < logt; < 10.15 (red). All SEDs are normalized

by the 5500A luminosity of the modeldhomack = 0 SED. At the top of each panel the black points show the uasicbetween the modeled and observed
broadband luminosityd{= log Lmed/Lobs), With error bars giving the quadrature sum of the photoimetror and the dispersion of the modeled flux from the
different MC realizations. The residuals are on the samle ssathe SEDs.

nificant systematic differences. Real galaxies appear to bethese systematic offsets will be discussed furthefn §4eHe
fainter than the models in th&pitzer IRAC 3.6, 4.5 and  we note that splitting the sample by stellar mass, which cor-
5.8um bands by an average ef 0.2 dex. As discussed in relates with many other parameters (e.g. metallicity, SFR)
.[(2009) and_Mancone & Gonzalez (2012), the yields similar results for galaxies both more and less massi
emission in this region of the SED is often dominated by more than 1G-°M,,
poorly understood phases of stellar evolution (partidylire In Table[4 we present, for each wavelength, the average and
TP-AGB phase), and it is here that different population syn- r.m.s. dispersion of the ratio of the modeled luminositynie t
thesis models disagree most strongly. This uncertainty is i observed luminosity, 0g(hod/Lobs). We will refer to these
contrast to the optical, where the stellar spectra and the ev ratios in each band as ‘offsets’ or ‘excesses’. In the optica

lutionary tracks of the dominant populations are more @erta the scatter is low+{ 0.1 dex), and in all bands is less than 0.2
and do not vary as widely between authors. The origin of dex.
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FiG. 4.— Comparison of observed luminosities to modeled luwsitres. Top: Average differences between the absolute magnitudes meebsam broadband
imaging (and corrected for MW extinction) and the absoluggnitudes determined from the CMD-derived SFH and the FS&$ls, as function of wavelength
for the entire sample. The error bars give the standard efritre mean. Numbers below each point give the number of glaxith flux differences available
at that wavelength. The Johnsons-Cousins filters are shogrey. Bottom: The same, but with the sample split by stellar mass, shovhiagthe offsets are not
a strong function of stellar mass or properties that caeeldth stellar mass.

4. DIFFERENCES IN THE NIR and to a lesser extent in thdand, there is a significant off-
In this section we explore the differences between modelegSet in the sense that the observed NIR luminosities areefain

and observed luminosity in the NIR that were found [ §3. than predicted by our fiducial model. There are several possi
The light in the NIR IRAC bands comes from a number of ble reasons for these offsets, which may also contributiego t

sources. At 3.6 and 48n, the IRAC flux is dominated by scatter in the ratio of modeled to observed luminosity. tFirs
the Iong.—wavellength tail of cool luminous AGB. RGB. and Systematic uncertainties in the ancient SFH (that are rot in
RHeB stars, with a modest contribution from interstellae  cluded in the MC-derived uncertainties.] §2) may cause off-

and dust. In the longer wavelength 5.6 and/8IRAC filters, ~ S€IS in the NIR bands. The ancient SFH is most strongly con-
the flux is increasingly dominate?d by emission from dust, es- strained by the fainter, redder RGB stars, but we find no trend

pecially PAH emission. of the NIR offsets with the depth of the HST CMD; a thor-

The average differences between the modeled and observe}augh exploration of this possibility will require deeper O8l
luminosities in the stellar dominated 3u6 and 4.m IRAC as are available for local group galaxies or the Magellanic
bands are important to consider in light of the widespread €l0Uds). The second, more likely, explanation is relateitiéo
use of NIR photometry for stellar mass determinations {e.g. reatment of uncertain phases of stellar evolution in papul
Lee etal[ 2006: Berg et Al 2012; Meidt etlal. 2012), and on- tion synthesis models, especially the TP-AGB phase. This is
going uncertainty in the treatment of TP-AGB stars in pop- discussed in more detail below.
ulation synthesis models. In the 3.6, 4.5, andu6bands,




nosities by~ 0.2 dex on average. However, if the evolution of
r . ] TP-AGB stars is altered from thatlof Marigo et al. (2008) then
0.4 T W owoE b w08 ne 0 it is possible to obtain much better agreement. This conclu-
i 1 sion is qualitatively consistent with_Melbourne et al. (2p1
0.2 5 who found that the Marigo et al. (2008) models tend to sig-
i . 1 nificantly overpredict (by a factor of two or more) the num-
o,o'-ﬂﬁf_(f#,ﬂ*i! 777777777 = 7+7L‘7-‘ ber and total luminosity of luminous TP-AGB stars that are
[ Ty v ] present in the HSH-band imaging of many of these same

<1Og med/Lobs>

_o2b ] galaxies. When using the Girardi et al. (2010) evolutionary
r + 1 tracks for TP-AGB stars, Melbourne et al. (2012) found that
L i ] the numbers of TP-AGB stars were better matched to obser-
1000 10000 vations, though the total TP-AGB luminosity was still over-
wavelength (A) predicted by factors of approximately two. Fortunatelyg th
fraction of the totaH-band light due to TP-AGB stars is rel-
atively small for these galaxies, and because this oveipred
FiG. 5.— Comparison of observed luminosities to modeled lusities tion .Of TP-AGB IumanSIt.y IS largely offset by an underpro-
with reduced contribution to the NIR from TP-AGB stars, aggasted by ~ duction of RHeB luminosity in the models relative to the data
[Conroy & Gunh [(2010). Symbols are as in Figlite 4. The red dhshes Melbourne et dl.[(2012) found the effect of this systematic
shows the results of Fig_Lﬂz 4, where the TP-AGB contribuiarot reduced. overprediction of TP-AGB luminosity on the totdlband lu-
The systematic offsets in the NIR have been substantiatlyaed. minosity to be small. However, at 3.6 and ,4!‘5, where the
i fraction of the total luminosity due to TP-AGB stars is likel
4.1. The Impact of AGB Star Prescriptions to be larger than at 1,6 (e.g.,[Bruzu#l 2007), and the frac-
The contribution of TP-AGB stars to the NIR s%ec- tion due to RHeBs smaller than at L@, an overestimate
trum of galaxies is the subject of much debate (Marastonof the TP-AGB luminosity may have larger consequences for
[2005; [ Bruzual 2007;_Conroy etlal. 2009; Kriek etlal. 2010; the total luminosity than atl band. A detailed comparison
[Girardi et al[ 2010} Zibetti et al. 2012). Both the evolution of the predictions of different evolutionary tracks andctpe
ary paths and the NIR spectra of these stars are poorly condibraries will be the subject of a future work.
strained, and thus we are not surprised to find significant dis  With a decrease in the contribution of TP-AGB stars to the
agreements between the predicted and observed NIR lumiintegrated NIR SED, the observedi® luminosities are larger
nosity. To explore possible origins of the observed offsets than the modeled/8n luminosities, consistent with a small
we have considered population synthesis models with differ contribution of un-modeled dust in this band. However, when
ent treatments of the TP-AGB phase. While this breaks thethe galaxies are split by stellar mass (or alternativelyatet
consistency between the population synthesis modeling andicity) as in the bottom panel of Figuké 4, the low-mass, low-
the derivation of the SFH, tests by Girardi et al. (2010) and metallicity galaxies still show an apparent deficit of madel
Melbourne et dl/[(2012) have found that the CMD-based SFH8um luminosity. Since these galaxies are expected to have a
of many of our sample galaxies are relatively insensitive to smaller abundance of PAH grains and lower PAH emission
the treatment of the AGB phase, and produce nearly identical(e.g., [Madden 2000; Hogg etlal. 2005; Marble et al. 2010;
SFHs even when AGB stars are excluded from the fit. Thls_m) this deficit of the modeleg® luminosities
is because there are few of them relative to the RGB, and somay not necessarily be due to the lack of modeled dust emis-
they carry less weight in the SFH determination. sion from the ISM, but instead to the uncertain spectra of AGB
We first examine the effect of modifying the TP-AGB stars at these wavelengths (perhaps related to the un-ewbdel
isochrones from the Marigo etlal. (2008) treatment, as sug-circumstellar dust around these stars, elg., Srinivasah et
gested by Conroy & Gunri (2010). This modification was [2011).

made to better match the optical/NIR colors of Magellanic 5. IMPACT OF METALLICITY, STOCHASTICITY. AND DUST

cloud globular clusters at the ages dominated by TP-AGB ATTENUATION
stars. The net effect of this change is to significantly reduc allici
the contribution of TP-AGB stars to the NIR SED. Using the 5.1 Metallicity

FSPS models with modified AGB isochrones to predict the In §2.3 we fixed the stellar metallicity at 0.2Z due to
SED as in EZJ5, we compare the newly predicted luminositiesuncertainties in the stellar metallicities of the sampliaga
to the observed luminosities in Figure 5. This figure can be ies. In this section, we examine the effect of variationshef t
directly compared to Figurel 4. Even though these galaxiestrue metallicity from this assumed value on the modeled lu-
are not post-starbursts, nor young enough that the NIR SEDminosities. We do this using a constant SFR as input to FSPS,
is dominated by TP-AGB stars (see, e.g.._Kriek ét al. 2010; and determine the SED for a variety of assumed metallicities
Zibetti et al.| 2012), there is a significant effect on the pre- The ratio of the resulting luminosity to the luminosity okth
dicted IRAC luminosities such that the (average) agreementZ = 0.2Z, model as a function af over the plausible range
with the observed luminosities is improved. The mediarorati of metallicities for our low mass sample of galaxies is shown
of the predicted to observed luminosities at 3.6 andvhbas in Figure[®.
decreased from 0.22 and 0.15 dex to 0.02 and -0.03 dex, re- For the lower metallicity galaxies in our sample our as-
spectively. This change in predicted luminosities alsoalem  sumed metallcity may lead to underestimates of the true lu-
strates that modeled NIR mass-to-light ratios are seeditiv.~ minosity by up to~ 0.1 dex in the UV. Conversely, the IRAC
these different treatments of the evolution of TP-AGB s#drs  luminosities of low metallicity galaxies may be overestieth
least at the 0.2 dex level. by as much as much as 0.1 dex, or more if the stellar metallic-
In the Spitzer Near-IR bands, we found that the modeled ities of the stars contributing most strongly in these bards
SEDs consistently overpredict the 3.6, 4.5, and:Bm8umi- significantly lower than the gas-phase metallicity. Howeve
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as a function of stellar metallicity, relative to tle= 0.2Z-, models assumed because at higher SFRs there should be more complete sam-
in §2.3. The grey shaded region indicates the plausibleerafigurrent gas- p“ng of the upper IMF.

hase metallicity of our sample galaxies, inferred fromssioin lines and the ; . .. . . .
RIIR Iuminosity-t[¥neta||icity reﬁ’aﬁ(?n, The contribution of stochasticity to the luminosity differ

there are few galaxies at the very lowest metallicities, and €NCes is explored indirectly in Figui¢ 7, where we plot the
tests assuming = 0.1Z, for the stellar metallicity indicate FYY @nd NUV luminosity differences v§SFR)s. While the
that the average offsets change by less than 0.05 dex (and th£Catter in luminosity differences appears to increaséitiig
{Limoa/Los) increasesslightly in the IRAC NIR bands). Com- at Iower(_SFR>3, we find no clear correlation, suggesting that
bined with the agreement seen in Figre 4, this suggests thaptochastic effects do not play a large role in the observed
the effect of stellar metallicity on the comparisonsis mial, ~ JV luminosities of these galaxies. While a proper account-
though metallicity variations may contribute a small amoun N9 Of the effect of stochasticity on the average and scat-

(< 0.05 dex) to the scatter of individual offsets at a given (€' in UV luminosity would require modeling the drawing
V\Elvelength. of individual stars from the IMF and cluster mass function

given a total mass of stars formed in the various time inter-
5.2. Stochastic Sampling of the IMF vals (da Silva et al. 2012, though note that the SFHs used
in our study implicitly include sampling of the cluster mass
function), the comparisons shown in Figlite 7 are sufficient t
rule out the stochasticity as a major contributor to indixat
offsets between the observed and modeled UV luminosities.

At very low SFR, or alternatively for a small mass of
‘young’ stars, it is possible that stochastic sampling of
the IMF and the cluster mass function can lead to an ap-
parent deficit of massive stars, due to their relative rarity

- @ 2003; Cervifio & Luridigha 2009). -
This effect has been shown to be important in the interpre- 53 Dust Att_enua.tl_on . )

tation of the Hv flux of dwarf galaxies, which arises ul- N 82.3 we modeled the luminosities both including the ef-
timately from the hydrogen ionizing emission &f 20M. fects of the differential reddening model that is required t

O and early B stard (Lee etlal. 2009; Fumagalli ¢t al. 2011; match the observed optical CMD and without this differentia

[Eldridge[2012). This stochastic sampling of the IMF may reddening (i.e., the intrinsic, dust-free luminosity). eTied-

also affect the UV flux of galaxies with low SFR. However, dened luminosities were found to provide a good match to the

mass stars, the effect will always be less important than forSe€ction, we compare the extinctions inferred from from the

Ha. reddened and unreddened model luminosities to commonly-
Because we have used population synthesis models that adised independe_nt estimates of the dL_JSt qttenuation based on

sume a fully sampled IMF when constructing the predicted the observed ratio of the IR to UV luminosity.

SEDs and UV fluxes, our models do not include the scatter . The effective total extinction at any wavelength can be de-

and bias in flux that is caused by stochasticity. On the otherfived from the model luminosities of§2.5 by

hand, the uncertainties on the SFH derived from the CMDs |_mod

do take this stochasticity into account implicitly in the- fit Anmodal ) =—2.5l0g O_Jd (4)

ting process, and generally rely on more numerous stars of Ly )

lower masses. Thus, if stochastic effects are importarthfor mod L . )

UV luminosity, we would expect a difference between the ob- WhereLgX'" is the intrinsic model luminosity derived from

served and predicted SED that is larger than the uncertaintythe SFH without extinction by dust arlqm‘ is the luminos-

in the predicted UV flux inferred from the MC realizations ity derived including both SFH and the differential extioct

(in the sense that the observed SED is fainter than predictednodel. The average and scatter of these modeled attenua-

on average). We would also expect an increased uncertaintyions for the sample are shown as a function of wavelength in

or scatter in the predicted UV flux if stochastic effects were Figure[8. Note that, because the reddening only affects star

to be included. These differences would anti-correlaté wit younger than 100 Myr, and because we have assumed the rel-

the SFR of the galaxy, or more properly with the mass of atively steep attenuation curve of the SMC, the extinctibn o
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bands redward of NUV are small. Also, because the differen-
tial extinction model is fixed, the scatter is due entirelytte
different SFHs among the sample galaxies.

In Figure[9 we comparém.ga for the FUV, NUV, and
u bands to the FUV attenuatiofys,, inferred from the ra-
tio of 24um to FUV luminosity based on the calibration of
mml) (8213) In nearly every ca&g, is signif-
icantly smaller than the attenuation derived from the CMD
based SFH and differential extinction model. However, the
calibration ofA¢,, given bylHao et &I/ (2011) is largely based
on much more massive and dusty galaxies, where older stars
may contribute a larger fraction of the dust luminosity, and
where the effective attenuation curve is significantly shal 10000
lower or flatter than we have derived in Fig{ile 8. wavelength

A more direct comparison of the modeled extinctions to the F . o .
. . - . . . 1G. 8.— The average model effective extinction as a functionva¥e-
infrared luminosity can be made_ by Integrating the d'ﬁmn length for the samplesflid line). The gray shaded region shows the r.m.s.
between the s%ectra modeled with and without differenkial e  scatter bi_n the exti_nr::tign g_nf?ong yhle galaxies (dued t?) v::r‘i;tiof the SFH
tinction (the/T™ of §2.3) and assuming that this extinguished 1 combination with the differential extinction model). -ecomparison, a
luminosity is_/\rerqdiated in the infrared. In Figird 10 we eom HE?S) ?ﬁéegg?tté%na%vdeasﬁgde%“gsxm“gﬁﬂ?ens
pare this extinguished luminosity to the IR luminosity ged have been normalized by the averagy mod.
from Spitzer MIPS observations by Dale etlal. (2009), both '
with and without corrections for the smaller aperture of the A™°). Over the last decade, there has been increasing evi-
HST data. This comparison is only possible for the 20 galax- dence that normal galaxies are shifted to redder UV colors

A model

ies in the sample with detections in all MIPS bands. in this diagram than starburst galaxies (e.g.. _Seibertet al
We find that the total extinguished model luminosity is 12005 Kong et dl. 2004; Johnson etial. 2007b; Gil de Paz et al.
larger than the observed IR luminosity by a factor of 4 on 2007; Dale et d. 200 ' 012), with sig-

average. While this may be a result of modeled extinctions nificant implications for the measurement of attenuation in
that are larger than the true extinction, tests have shoatn th large samples of high-redshift galaxies (e.g.. Reddylet al.
assuming zero extinction results in very poor fits to the-opti i;lZ)- It is often proposed that variations
cal CMD. Alternatively, the assumption that all extinguidsh  in the SFH are the cause for this scatter, since more passive
light is reradiated in the IR is likely to be incorrect. Seatt ~ galaxies may have a redder intrinsic UV color.
ing by dust will serve to decrease the amount of extinguished Using the SFHs derived il §2.5 we explore this possibil-
light in our model SEDs that is ultimately absorbed by dust ity. This sample is particularly well suited to such a study
(e.g.[Witt & Gordon 2000). However, because the scatteredas many of the sample galaxies have low IRX but have been
light is primarily at UV wavelengths, a significant contribu  found to be shifted to redder UV colors than starburst galax-
tion of scattered light would then result in a poor match be- ies [Dale et dl. 2009). First, we determine the intrinsic FUV
tween the observed and modeled UV luminosities in Figure NUV color implied by the SFHs of[§214; that is, the color
M. Assuming the attenuation curves of Witt & Gordon (2000) that is obtained without application of the differentiatire
for a clumpy, cloudy geometry with an SMC extinction curve dening model. The distribution of these intrinsic UV colors
and a V band extinction of 0.25 mag (as in the differential ex- are shown as the red histogram in Figluré 11, where the filled
tinction model of EZb) yields absorbed IR luminositiesttha histogram does not include the galaxies classified as dwarf
are consistent with the observed IR luminosities on averagespheroidals. We find a small scatter of these intrinsic solor
(though with large scatter), but also results in modeled FUV around the value predicted for constant SFR.
luminosities that are brighter than the observed lumiydsit We have also determined the distribution of UV colors
~ 0.2 dex on average. implied by the SFHs and the differential reddening model,

It is possible that some moderate amount of differential ex- shown as the black histogram in Figliré 11, finding that dif-
tinction, combined with the relatively gray attenuatiomas  ferential reddening shifts the galaxies to redder UV colbys
of Witt & Gordon (2000), might adequately match the opti- 0.3 mag or 0.6 in3) but without significantly increasing the
cal CMD without predicting too much IR luminosity and that scatter in color. Finally, we construct the distributionodf-
corresponding changes in the recent SFH would maintain theserved UV colors (the grey histogram in Figlré 11), which is
agreement we find between the observed and modeled U\centered close to the model distribution including diffeial
and optical SEDs. A detailed exploration of this possipilit ~extinction, but has a somewhat higher dispersion. Thisdrigh
would benefit greatly from multi-band stellar photometrgan observed dispersion may be caused by uncertainties in both
CMDs to further constrain the differential extinction, aga the modeled colors and the observed colors. To investigate
being obtained in M31 as part of the Panchromatic Hubble this possibility we add UV color shifts to the modeled FUV-
Andromeda Treasury survey (PHAT, Dalcanton et al. 2012). NUV color which are drawn, for each galaxy, from a nor-
mal distribution with standard deviation given by the queadr
ture sum of the model and photometric uncertainties in UV
color. Including these uncertainties, a two-sided Kolnmoge

The intrinsic UV color of galaxies has implications for mea- Smirnoff test is unable to reject the hypothesis that the-mod
surement of dust attenuation via restframe UV colors usingeled and observed UV colors are drawn from the same dis-
the so-called IRX3 diagram (Meurer et al. 1999), which re- tribution. Some additional small uncertainty in the modele
lates the IR to UV luminosity ratio (IRX, a measure of at- UV colors may arise from the differential reddening model as
tenuation) to the observed UV spectral slgpéwhere fy sumed in the CMD analysis and our assumed extinction curve

5.3.1. IRX-3
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The blue peak of the UV color distribution in the top panel (FUV-NUY)
of Figure[1I1 indicates that the SFH alone is not sufficient
to explain the red offset in the UV colors of galaxies with  Fc. 11.— The distribution of FUV-NUV color for the sample galest
low IRX, unless the recent SFHs are systematically incorrec Top: The intrinsic FUV-NUV color derived from the luminositiesatieled
However, the middle and bottom panels of Figurk 11 indicate without differential attenuation. The filled histogram lies all sample

; ; ; ; A e galaxies not classified as dwarf spheroiddiiddie: As for the top, but for
tha.t the inclusion of dlﬁerentlaﬁl extln_ctlon is sufficietat ex- the modeled FUV-NUV color including differential extinati. Bottom: The
plain the observed UV color distribution well. observed FUV-NUV color distribution for all galaxies witkeictions in both

bands is shown in grey. The filled histogram is for only theagis that are
6. THE RELATIONSHIP BETWEEN UV LUMINOSITY AND SFR not dwarf spheroidals. The dashed black histogram showdistrébution of

. . L modeled FUV -NUV colors including differential extinctiand a contribu-
The UV luminosity of galaxies is commonly used as a tracer o, from photometric and model uncertainties in the FUVAKEblor. In all

of the SFR both in the local universe and at high redshifts, panels the vertical dashed line marks the intrinsic, diest-€olor for a con-
where it is redshifted into the optical. The conversion be- stant SFR model. The top axis indicates the UV spectral sthmstimated
tween UV luminosity and SFR is typically made assuming as#=23(FUV-NUV)-2.

that the SFR is approximately constant for at least 100 Myr

(Madau et all_1998&; Kenniclitt 1998). However, if the SFR galaxies that undergo significant variations in their SFR on
varies on shorter timescales, then the conversion between | these timescales are thought to be rare. There are two slasse
minosity and SFR becomes more complicated, and the con-of galaxies where the assumption of a constant recent SFR
version depends on the exact distribution of stellar agks T is known to fail. The first are starburst (and post-starfurst
complication has long been knowh (Kennicutt 1998), but galaxies, which are thought to have enhanced recent SF due
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FIG. 12.— The modeled FUV to SFR conversion factors for the sampl
The distribution ofegﬁ‘{,s, the ratio of the modeled intrinsic FUV luminos-

ity to (SFR)g, is shown as a red histogram in the bottom panel, while the
connected red points in the top panel show the cumulativehlison. The

grey connected points show the cumulative distributiOEﬁ%i/vs, the ratio of

the observed FUV luminosity to (SFR)g, while the black connected points
show the cumulative distribution of the ratio of the modelieahinosity in-
cluding dust to{SFR)g. The vertical dotted line marks the conversion factor
of [1998), while the dashed line is the constanR $Bnversion
factor for the population synthesis models adopted here W2Z:, metal-
licity. The expected conversion factors for exponentialclining, 0.2Z,
metallicity models withe-folding times of 1 to 13 Gyr and ages more than 1
Gyr are all to the right of the dashed line.

to interactions (e.gl._Hopkins et/al. 2006; Wild etlal. 2009)
The second are dwarf galaxies, for which rapid variation may
be driven by stochasticity in the cluster formation procatss
low star formation rates (e.gl,_Fumagalli etlal. 2011), or by
the effects of feedback in low mass halos (elg., Stinsor et al
[2007). Sub-regions of galaxies also demonstrate vargtion
in SFR on short timescales and episodic star formation,(e.g.
Gogarten et al. 2009; Huang etlal. 2013).

The model luminosities determined ih 82.5 allow us to ex-
plore the effect of realistic, observationally constraiis+-Hs
on the ratio of UV luminosity to the SFR averaged over a
given timescale. We define the SFR conversion factgrvia
the equation

(SFR)T = (ALx)/ext

whereT is the log of the averaging timescale in years. The
FUV luminosity is typically assumed to trace the SFR over
100 Myr, approximately the lifetime of FUV emitting stars.
We will thus considerryyvg. The modeled FUV luminos-
ity accounts for the effects of SFH, but not dust attenuation
metallicity, or other effects as discussed [ih §3. Because bo
the SFR and the modeled UV luminosity are derived from

the same SFH, the results we obtain in this section do not in-

volve the observed luminosity. Furthermore, our conclusio
do not require that the derived SFHE(82.4) are exactly corre
in detail for each galaxy, only that they are plausible and no
systematically biased.

In Figure[I2, we present the distribution @4, , i.e. the
ratio of the modeled FUV luminosity {8F R)g. We show this
ratio for both the modeled intrinsic luminosities and foe th
modeled luminosities including differential reddeningher
erod, ¢ that we derive can be compared directly to the conver-

sion factor of Kennicutt' (1998), plotted as the dashed line i
Figure[12 . Kennicutf (1998) derived a single conversion fac
tor assuming solar metallicity, a nearly constant SFR, bed t
same IMF as we have adopted (see also Madau let all 1998).
Figure[12 shows that the observationally constrained SRH, o
its own, induces significant scatter éipyyg. Depending on
the SFH of a particular galaxy, the conversion between UV
luminosity and(SFR)s can vary by an order of magnitude.
For our sample of galaxies, the r.m.s. dispersiodf, 5 is a
factor of~ 2. '

The scatter in the ratio ofSFR)s to the modeled FUV
luminosity is 0.3 dex, while the scatter in the ratio of the ob
served luminosity to the modeled FUV luminosity (including
SFH effects) is only 0.14 dex. This suggests that the SFH
dominates the scatter in the conversion from FUV luminosity
to (SFR)g in this sample. Additional effects such as photo-
metric uncertainties and metallicity variations, and trstrd
bution of dust attenuation, can only contribute an addéion
0.14 dex of scatter.

The conversion factor of Kennicuft (1998) shown in Fig-
ure[12 is lower than the medianyy g that we derive. This
can be traced to the different assumptions made in Kennicutt
(1998) about the metallicity and the duration of star forma-
tion, and is not due to the details of the recent SFH. To better
match the properties of our sample, we derive an alternative
version of the[(Kennicutt 1998) conversion factor as folow
We use the population synthesis models describedin §2.5, as
sumingZ = 0.2Z;, and constant SFR lasting 10 Gyr, and
derive a value of the conversion factor that is larger than th

(1998) value, and that is approximately the media
of e'gﬁ‘{,ﬁ. This larger value is due to the combined effects of
lower metallicity and a longer period of constant SFR than
adopted by Kennicutt (1908).

In models with exponentially declining SFRs, the conver-
sion factoregyy g varies with the specific SFR of the model. In
suchr-modelsgryy g increases as the specific SFR decreases,
and is almost always larger than in the case of constarfBFR
Thus, if the SFHs were well described by smoothly evolving
T-models, we would expect to find a correlation between the
conversion factor and some tracer of the specific SFR, such as
broadband color. In Figufe L3 we show the color (and specific
SFR) dependence e, ;. The much smoother relationships
between:yy g and broadband colors that are expected for ex-
ponentially declining models are plotted as dashed lines in
Figure[I3. We find only a very weak correlation between
erd o and broadband color. That is, for the SFHs consid-

ered here, it is difficult to prediet®d, s from broadband color
information alone, even when the effects of dust attennatio
and metallicity variations are not included. The lack ofreer
lation is due to the fact thatyy g traces a shorter timescale
of SFH than the broadband colors, and that for our sample the
SFH on short timescales is not well correlated with the SFH
on longer timescales.

6.1. The Timescale of UV emission

Itis often assumed that the FUV and NUV luminosity trace
the SFR over timescales of 100 and~ 200 Myr, respec-
tively. However, this assumption is only valid for a congtan
SFR. We have demonstrated that the SFH of galaxies can

10 Conversion factors smaller than the constant SFR expeatatie only
possible inr-models when the age is very yourg,300 Myr
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FIG. 13.— Color dependence of the modeled FUV to SFR conversictorf Topleft : The ratio of the modeled FUV luminosity (& R)g (i.e. egﬁ?/‘s), asa

function of the modeletNUV —r color. Different morphological types are shown in differenlors: dSphied), dTrans ¢range), dSpiral green), and dl plue).
Topright : The same, but plotted against the modedeer color. Bottomleft : The same, but for the FUMIUYV color. Bottomright : The same, but plotted
against the specific SFR derived from the SFH. The dotteditireach panel marks the conversion factof_of Kennicuft (1988ile the dashed lines are the
expectations for population synthesis models with sediffrent rates of exponential decline.

cause significant variation ieryv g, the ratio of the UV lu- age distribution of stars contributing to the UV luminosity
minosity to the SFR averaged over 100 Myr. This is due to real galaxies, and to define a characteristic timescaledfcin e
galaxy by galaxy variations in the distribution of the agés o galaxy. In Figurd_14 we show, for each galaxy, the cumu-
stars contributing to the FUV luminosity. A single represen lative fraction of the current UV luminosity as a function of
tative timescale for the UV luminosity is therefore diffittd the age of the contributing stars (i.e., the fraction of the c
define for a sample of galaxies with diverse SFH. It is im- rent UV luminosity that is produced by stars that are older
portant to understand this difficulty (and correct for it dp than a given lookback time). For a constant SFR this cumula-
sible) when comparing SFR determinations between samplesive fraction shows an almost linear rise in the FUV, as nearl
of galaxies with different SFH. equal amounts of the current FUV luminosity are contributed
With strong constraints on the SFH of galaxies from op- by stars in equal logarithmic age bins, up~4400 Myr ages
tical color-magnitude diagrams, it is possible to expldre t  (see also Kennicutt & Evans 2012). However, few of the sam-
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ple galaxies display this behavior. At the extremes, gakaxi that is often used as a proxy for the coarse, long-term SFH of
that reach a cumulative fraction of 1 at large lookback times a galaxy [(Salim et al. 2005@07; Schiminovich et al. 2007).
have nearly all of their UV luminosity coming from relatiyel ~ We have separated the galaxies in Fidurde 14 by the predicted
old stars. Conversely, galaxies that reach a cumulative fra NUV —r color. This separation shows that for galaxies with
tion of 1 at smaller lookback times have a larger contributio NUV —r > 2.86, more than 50% of the modeled FUV lumi-
to the current UV luminosity from young stars. nosity arises from stars older than 100 Myr. For galaxiek wit
In Figure[14 we see that the fraction of the total FUV lumi- NUV -r < 1.1, more than 50% of the modled FUV luminosity
nosity that is produced by stars younger than 10 Myr rangesis contributed by stars younger thanl6 Myr.
from 0% to~ 60%. The fraction of the total FUV luminosity We have also separated the galaxies by morphological type.
that is produced by stars older than 100 Myr ranges from lessMorphological type is correlated witRUV —r color, and so
than 5% to 100%. Similarly, the fraction of the total NUV we see a similar difference between galaxies of the dSph type
luminosity produced by stars older than 200 Myr ranges from (for which a majority of the FUV flux arises from stars older
less than 5% to 100%. than 100Myr) and dlrr. The behavior in the NUV is similar,
The age distribution of UV emitting stars depends on the but shifted to larger timescales.
SFH, and so it may be possible to identify coarse measures We can use these cumulative luminosity fractions to con-
of SFH that correlate with the cumulative fractions given in struct, for each galaxy, a measure of the typical age of the
Figure[I#. We focus on thBIUV —r color, an observable UV producing population. This measurey, is defined as
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ofrsgFyy for the entire sampleb{ack) and for the sample split by modeled

(NUV —r)g color (magenta andcyan). Top right: The same, but forsqnyy. Bottom Left: As for the top right, butflUV —r)g is plotted againstggFyy. Stars
younger tharrgg Fyy contribute 80% of the modeled present day FUV flBgttomright: The same but forggnuv -

the age where 50% of the luminosity in a given band comesbands.

from younger stars, and 50% from older stars. In Figuie 14,
T50 IS the lookback time where a colored line crosses the thin
dotted line marking 50% of the total UV luminosity. Figure
[14 shows thatsg ranges from~ 7Myr to 1 Gyr for the FUV
and from~ 7Myr to 3 Gyr for the NUV. The mediamns, for

the FUV and NUV are 26 and 38 Myr respectively.

In the top left panel of Figurle_15 we shaw for the FUV
band against the modelddlUV —r color. There is a good
correlation; redder galaxies typically have largeggyy in
the FUV, though several galaxies show much lowgfryy
for their color than would be expected from the general trend
The top right panel of Figufe15 showig for the NUV band.
Here the correlation is even stronger, though of courséall t
TsoNuv are shifted to larger lookback times thagnuy. In
Table® we present the results of linear fits to the relatignssh
betweerNUV —r color and bothrsg and g for the GALEX

The observed relationship betwe®UV —r and 75 is
different than expected for exponentially declining maglel
which are also shown in Figufe]15. The observed relation
is more linear than for exponentially declining models, and
the minimum~sg is lower for some galaxies than the mini-
mum of the exponentially declining models. In the FUV, ap-
proximately 12 of the sample galaxies (25% of the sample)
haversoryy < 16 Myr, which is the value expected for con-
stant SFR. Furthermore, for 10 of the sample galaxies (20%)
TsoFuy IS greater than 100 Myr, the canonical FUV timescale,
and these galaxies have bludUV —r colors than exponen-
tially declining models with the samegruy .

6.2. SUMmary

In this section we have demonstrated that SFH causes sig-
nificant scatter ireryy g, the ratio of the FUV luminosity to
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(SFR)s. Comparison with the observed FUV luminosity in- sufficient to explain the average observed UV color and its
dicates that variations of the SFH dominate the total scaite  scatter. The observed UV colors are consistent with differe
eruv g for this sample of galaxies. The scatterepyy g does tial extinction by dust.
not correlate strongly with UV/optical colors or specificFSF Summary of model based results: Having gained confi-
We also calculated the age distribution of stars that con-dence in the plausibility of the SFHs through comparisohwit
tribute to the FUV and NUV luminosity. We find a broad observations — while keeping in mind the discrepancies — we
range of characteristic ages, wherersg is defined such that  have used the SFHs to determine the effect of realistic star
stars younger thargg contribute 50% of the total UV lumi-  formation histories on the conversion between UV luminos-
nosity. For the FUV bandssg ranges from less than 16 Myr ity and SFR. We found that differences in the star formation
(for a quarter of our sample) to greater than 100 Myr (for one histories of these dwarf galaxies could cause variatiotiseén
fifth of our sample). This is a sharp contrast to the standsid a conversion between FUV luminosity and & R)g (the SFR
sumptions for a constant SFR. We also found that, in contrastaveraged over 100 Myr) of an order of magnitude, with factor
to eruv s, Ts0 is correlated with UV-optical color. This differ-  of two dispersion among individual galaxies in our sample.
ence arises because while very recent star formation eggsod For our sample of dwarf galaxies SFH is likely the dominant
not only makes galaxies bluer in the UV-optical color and cause of scatter in the ratio of observed UV luminosity to the
dominate the UV luminosity, they also effectively erase the SFR averaged over 100 Myr, above variations in dust attenua-
signatures from past SFR. Therefore, the SFR at ages oldetion or metallicity. We found that the variations in conviers
than~ 750 Simply adds noise te-yy s. In effect,rsqis a rough from FUV luminosity to(SFR)s were only poorly correlated
estimate of the timescale over which the UV is measuring thewith broadband color, due to the lack of smoothness in the
SFR, and it correlates with NUV-r color. SFH.
Using the SFHs of the individual galaxies we found that for
7. CONCLUSIONS significant numbers of our sample galaxies 50% of the FUV
In this study we have combined SFHs derived from resolved luminosity is produced by stars younger than 16 Myr, while
stellar CMDs with population synthesis modeling to predict for 10 of the sample galaxies 50% of the FUV luminosity was
the UV through Near-IR broadband SED-o60 dwarf galax- produced by stars older than 100 Myr. This timescale at which
ies drawn from the ANGST survey. We have compared these50% of the luminosity is produced correlates with UV-optica
predicted SEDs to the observed SEDs on a galaxy-by-galaxycolor. We found also that the fraction of FUV luminosity pro-
basis. We have also used these predicted SEDs to determinduced by stars older than 100 Myr ranges from less than 5%
the effect of realistic star formation histories on the aansion to 100%.
between UV luminosity and SFR, and to derive characteristic Implications for SFR measurement: ~ There is a factor
timescales for the UV emission. of two dispersion in the ratio of modeled UV luminosity to
Summary of comparison to observations: The comparison  (SFR)g thatis due to SFH variations on short timescales. This
of the predicted SEDs to the observed SEDs reveals excellentarge dispersion is in contrast to common conversions from
agreement in the optical portion of the spectrintiiroughi FUV luminosity to SFR that adopt a constant SFH and pre-
bands). This agreement lends support to the accuracy of thelict zero dispersion. The dispersion that we find is not corre
derived SFHs, though it is in some part expected given thatlated with galaxy color, which suggests that it will be diffic
the resolved stars used to derive the SFH typically cortigibu to improve on the estimate d8FR)g from UV luminosity or
~ 40% of the total flux of the optical bands. In tBALEX full SED modeling unless the SFH on short timescales can
UV bands we also find very good agreement between the prebe otherwise constrained. _Lee et al. (2010) have shown, us-
dicted and observed luminosities when including a model for ing SFHs drawn from semi-analytic models, that modeling
differential attenuation that does not include a significmat- the SED of high-redshift galaxies with an assumed SFH that
tering component. does not match the true SFH can lead to biases and scatter
Using Spitzer Near-IR photometry we have extended the in derived parameters. We have extended this result to low-
comparison of population synthesis models to data to longerredshift dwarf galaxies. Our factor of two dispersion isisim
wavelength than ib_Melbourne et dl. (2012). We find signif- lar to the scatter in recovered versus input SFRIthat Le€ et al
icant discrepancies between the predicted and obsened int (2010) derive when using UV luminosity as a monochromatic
grated fluxes when using the Marigo et al. (2008) isochronesSFR indicator (note that the biases and scatter in the reedve
for TP-AGB stars. However, we are unable to distinguish SFR of these simulated high-redshift galaxies do not imgrov
the different stellar contributors at these wavelengtinsit when fitting the entire SED).
ing our conclusions as to the source of discrepancy. Never- Many current SED fitting procedures utilize large grids of
theless, we find that modifications to the TP-AGB isochrones models that include bursts of star-formation superimposed
as suggested |[n Conroy & Gunn (2010) result in much betteron a more smooth evolution (e.g, Brinchmann et al. 2004;
agreement between the observed and predicted luminositieSalim et al. 2007; Walcher etlal. 2008; Moustakas &t al.[2011;
at 3.6 and 4.pm. Pacifici et all 2012). However, unless the age, duration, and
We found that the differential extinction model that pro- amplitude of the bursts can be well constrained — which is
vides good matches to the optical CMD implies a larger than exceedingly difficult even with optical spectroscopy — itlwi
observed IR luminosity, under the assumption that all extin be impossible to choose the correct model and hence derive
guished light is re-emitted in the IR. Including the effesfs  the correct SFR for an individual galaxy. It may be possible
scattering can reduce this discrepancy, but at the costrofin  to properly incorporate the uncertainty on the derived SFR
ducing a discrepancy in the FUV and NUV bands. We used that is induced by short-term SFH variations. However, even
the SFHs to calculate dust free FUV-NUV colors and com- properly accounting for the uncertainty in the derived SFR
pared these both to UV colors predicted when including dif- (much less obtaining the correct SFR for individual galax-
ferential attenuation and to the observed UV colors, finding ies) requires that the ‘burst’ parameters (frequency, ampl
that variations in the derived SFHs of these galaxies are nottude distribution, and durations) used in the library ag re
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resentative of the population being fit (Walcher et al. 2011) Spatiales of France and the Korean Ministry of Science and
whereas in practice they are rather arbitrarily definedugfio ~ Technology. This work is based in part on observations made
see Pacifici et al. 20112, for a case where the library itself is with the Spitzer Space Telescope, which is operated by the
based on semi-analytics models). The strong constraints ordet Propulsion Laboratory, California Institute of Teclugy

the SFH provided by color-magnitude diagrams of resolved under a contract with NASA. This research has made exten-
stars have allowed us to accurately assess the uncertainty isive use of NASA's Astrophysics Data System Bibliographic

derived SFR for a sample of nearby dwarf galaxies. Services. This research has made use of the NASA/IPAC Ex-
tragalactic Database, which is operated by JPL/Calteatgmun
contract with NASA.

Applicability to other populations. It is important to con-

sider the applicability of these results to different gglawp-

ulations. The sample of galaxies we have considered is char- Funding for SDSS-IIl has been provided by the Alfred
acterized by low stellar masses, low metallicities, low SFR P. Sloan Foundation, the Participating Institutions, tree N
and more stochastic SF. In more massive star forming galaxtional Science Foundation, and the U.S. Department of

ies, either locally or at high redshift, the recent SFH iglyk

Energy Office of Science. The SDSS-Ill web site is

to be more smooth than in the dwarfs of the present study.http://www.sdss3.org/.
The scatter in the conversion between UV luminosity and SFR  SDSS-IIl is managed by the Astrophysical Research Con-
would then be smaller than we observe. However, when con-sortium for the Participating Institutions of the SDSSalbl-

sidering small parts of larger galaxies, for example to gaiee

laboration including the University of Arizona, the Braaii

SFR maps, such SFH variations may be present and induc®articipation Group, Brookhaven National Laboratory, Uni
significant uncertainty in maps of SFR derived from UV lu- versity of Cambridge, Carnegie Mellon University, Univigrs

minosities (e.g lal. 2012).

of Florida, the French Participation Group, the Germani&art
ipation Group, Harvard University, the Instituto de Astsafa
de Canarias, the Michigan State/Notre Dame/JINA Participa

Based on observations made with the NASA/ESA Hubble tion Group, Johns Hopkins University, Lawrence Berkeley
Space Telescope, obtained at the Space Telescope Scienggational Laboratory, Max Planck Institute for Astrophysic

Institute, which is operated by the Association of Universi

Max Planck Institute for Extraterrestrial Physics, New Mex

ties for Research in Astronomy, Inc., under NASA contract jco State University, New York University, Ohio State Unive
NAS 5-26555. These observations are associated with prosity, Pennsylvania State University, University of Porterth,
grams #9771, 9884, 10210, 10503, 10605, 10915, and 11986princeton University, the Spanish Participation Groupj-Un
We gratefully acknowledge NASA' support for construction - versity of Tokyo, University of Utah, Vanderbilt Univergjt
operation, and science analysis for the GALEX mission, de- University of Virginia, University of Washington, and Yale

veloped in cooperation with the Centre NationahdEtudes
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TABLE 2
GALAXY SAMPLE PROPERTIES
Name Alternate logSFRg?  logM.2 Arn® EB-V)mw log[O/H]+12 fugrd  Ttype
Name (Mo yrh) Me) (mag) (B12)

AM1001-270 Antlia 6.66670.953 <034 0.079 7.41 1.00 10
BK5N e 7.29:{8;883’ <478 0.063 7.55 1.00 -3
UGCA276 DDO113 7.12918-Sgé <012 0.020 7.57 1.00 10
UGC7577 DDO125 7.775:8f8ig 0.04+ 0.006 0.020 7.78 0.77 10
UGC8651 DDO181 7.58(18-8gjg 0.04+ 0.006 0.006 7.67 0.97 10
UGC8760 DDO183 7.561838%9 0.02+ 0.003 0.016 7.70 1.00 10
UGC9128 DDO187 7.0391&85% <011 0.023 7.56 1.00 10
UGC9240 DDO190 7.791:8;88g 0.14+ 0.015 0.012 7.77 0.96 10
UGCA133 DDO044 7.42(18;83’3’ <4.92 0.041 7.65 1.00 -3
UGCAO015 DDO006 7_351:8:886 <017 0.017 7.60 1.00 10
DDOO078 e 7.782:8;88g <362 0.021 7.49 0.41 -3
UGC5692 DDO082 8.404:8-8355 0.26+ 0.032 0.041 7.90 0.67 9
UGC6817 DDO099 7.565:8f898 0.05+ 0.007 0.026 7.67 0.74 10
ES0294-G010 e 7.024:8;883 <055 0.006 7.56 0.96 -3
ES0410-G005 7.106888? <055 0.014 7.59 1.00 -1
ES0540-G032 7.415:83883 <114 0.020 7.52 1.00 -3
Fo8D1 e 8.00‘183898 <092 0.108 7.80 1.00 -3
UGC8091 GR8 6.96(5:8f888 0.04+ 0.005 0.026 7.54 1.00 10
HS117 HS98-117 t‘>.548ﬁ8;83é <265 0.115 7.50 0.97 10
UGC5666 IC2574 8.8218-863 0.14+ 0.016 0.036 8.09 0.74 9
IKN 7.812:8f89% < 467 0.058 7.51 1.00 -3
M81-DwA KDG52 7.146:8-ggjg 0.20+ 0.029 0.020 7.48 1.00 10
KDG61 KK98-81 7.675:838% <328 0.073 7.69 0.99 -1
UGC5442 KDG64 7.5@%855 1.77+ 1.717 0.053 7.71 1.00 -3
KDG73 .- -3.0719025 5923 038 <0.83 0.019 7.52 1.00 10
KKRO03 KK98-230 -3.692838gﬁ 6.222:8385 <037 0.014 7.31 1.00 10
KKH037 HS98-010 -3.25¢ 5828 7.376:8}8ﬂj <0.49 0.074 7.60 1.00 10
KKHO086 -3.927 ;%8 6.525:8;8%5 <1.05 0.027 7.45 1.00 10
KKH098 e -:«:.295{8-888 6.93@8-8%3 <022 0.123 7.52 1.00 10
KKR25 e -5.267:&ggg 6.322:8355 < 454 0.009 7.29 0.89 10
NGC2366 UGC3851 -1.17] _3’35 8.585:8;883 0.40+ 0.039 0.036 7.96 0.87 10
NGC3741 UGC6572 -2.34 .8% 7.517:8;88% 0.05+ 0.006 0.024 7.67 0.98 10
NGC4163 UGC7199 -2.61 853 7.927:8-888 0.12+ 0.014 0.020 7.79 1.00 10
UGC4483 e -2.490 g%i 7.214:%}%% 0.10+ 0.011 0.034 7.53 1.00 10
UGC8201 DDO165 -1.228004 g 2670 0.02+ 0.004 0.024 7.86 1.00 10
UGC8508 1ZW60 -2.5412_%893 7.377:83888 <0.00 0.015 7.67 0.94 10
UGC8833 e 2,779 ;8%2 7.294:&8961 <0.16 0.012 7.61 1.00 10
UGCA292 e -2.486:8;858 6.688*_8;8%g 0.06+ 0.010 0.016 7.49 1.00 10
UGCA438 ES0407-G018 25%%@ 7.3068%% <0.07 0.014 7.66 1.00 10
UGC5428 DDOO071 -5.125 7.58 <0.00 0.098 7.66 0.98 -3
Sex A DDO075 -2.3789009 6793 088 0.03+ 0.003 0.045 7.70 0.31 10
ES0321-G014 - -2.800 819 228688 00w 0011 0.094 7.67 0.96 10
ES0540-G030 KDG02 : <1.28 0.023 7.60 1.00 -1
IC5152 ES0237-G027 0.14+ 0.015 0.025 7.95 0.39 10
Sculptor-dE1 Sc22 < 5.07 0.015 7.50 0.99 -3
UGC5373 Sex B, DDO070 0.05+ 0.006 0.031 7.74 0.33 10
UGC4305 Ho 1I, DDO050 0.114 0.012 0.032 8.00 0.80 10
UGC4459 DDO053 0.21+ 0.023 0.038 7.69 1.00 10
UGC5139 Ho I, DDO063 0.04+ 0.006 0.050 7.78 0.97 10
UGC5336 Ho IX, DDO066 0.03+ 0.005 0.079 7.71 0.98 10

@ Tabulated central values are derived from the best-fit SRsheldand lower error bars correspond to the 84th and 16tepes,
respectively, of the distribution of values derived frore tonte-Carlo realizations of the SFH. The best#tR)g is occasionally
zero; in these cases we report the 84th percentile of theldison of Monte-Carlo values (an approximate @ipper limit) and no
error bars are given.

b Internal dust attenuation estimated from the ratio of ther@4o FUV flux following[Hao et al.[(2011)

¢ Gas-phase metallicity as estimated from the#n3uminosity-metallicity relation df Berg etlal. (2012)

d Fraction of theg or B band flux within thé Dale et al. (2009) apertures that alde faithin the HST FOV, i.e., an aperture correction.



TABLE 3
INTEGRATED PHOTOMETRY WITHIN THE HST FOOTPRINT

Name m-M)2  FUV  NUV  u(U)° g(B)® r(v)®b i(R)P z 36um 45um 56pm  8um
mag mag mag mag mag mag mag mag mag mag mag mag

AM1001-270 2540  -7.79 -879 (-8.26) (-10.26) (-10.71) @7¥) ---  -10.38 -9.93 ... -9.67
BK5N 2789 789 756  --- e e e .. -11.98 -11.09 ... -12.56
UGCA276 2735  -7.08 -8.92 e e e .. <1212 -1152 -1051 ---
UGC7577 27.02 -12.01 -12.35 -13.31  -14.12  -14.46  -1462 .74 -13.78 -13.19 -1258 -12.17
UGC8651 27.40 -11.62 -11.83 -1255  -13.32  -1358  -13.71 .873 -13.02 -12.52 -10.87 -11.14
UGC8760 2751 -11.57 -11.90 -1258  -13.38  -1359  -13.82 .743 -13.13 -12.75 -12.31 ...
uGC9128 26.72 -10.43 -10.82 -11.79  -1258  -12.78  -1290 .982 -12.09 -11.78 -10.20 -11.36
UGC9240 2723  -12.30 -12.63 -13.34  -1423  -1449  -1464 884 -13.81 -13.39 -13.11 -13.19
UGCA133 2745 676 -943 -11.75  -12.65 -1311  -13.16 Q351292 -1259 -10.17 ---
UGCAO015 27.60 -10.75 -10.96 (-11.78) (-12.38) (-12.57) --- .. <1224 -11.94 -10.98 -10.50
DDO078 2782 ...
UGC5692 28.06 -11.45 -12.36 (-14.20) (-14.91) (-15.45) 6(55) ---  -1540 -14.97 -15.07 -14.59
UGC6817 2711  -11.82 -12.08 -12.68  -1350  -13.71  -13.84 .763 -12.89 -12.31 -11.92 -10.67
ES0294-G010  26.47 -8.41 -886 --- (-11.14) - (-11.99) ...  -11.85 -11.37 -1050 ---
ESO410-G005  26.42  -7.93 -923 ... (-11.53) ... (-12.25) ... -12.97 -11.97 -12.49 -12.09
ESO540-G032  27.67 -814 -911 ... (-11.40) - (-12.26) .-~ -11.79 -10.97 - e
FO8D1 2778 ... -8.94 - - e e ... <1312 -12.82 -13.77 -13.26
UGC8091 2660 -11.36 -11.36 -11.65 -12.15  -12.38  -1243 662 -11.53 -11.21 -10.79 -10.82
HS117 2661  -7.74 .. (-8.98) (-10.69) (-11.49) (-12.02) ---  -11.59 -10.97 ...
UGC5666 27.93 -1538 -1551 (-16.32) (-16.77) (-16.98) 7(m) ...  -16.68 -16.31 -15.94 -16.01
IKN 27.84
M81-DwA 27.68 -10.28 -10.42 ... e e e -11.85 -11.00 -7.64 -10.36
KDG61 2784  -881 -967 -1278  -13.20 -13.83  -1410 -14.38343 -12.85 ... e
UGC5442 27.84 ... -9.70 . . e e -13.20 -12.77 -10.38 -12.43
KDG73 2784  -9.08 -935 ... e e e -12.26  -10.95 ---  -10.99
KKRO3 26.41 794 842 914 -9.94 -10.23  -10.18  -10.61--- o~ - o
KKH037 2765 930 -9.82 (-11.21) (-12.09) (-12.51) (-B.8 ---  -12.33 -11.84 -11.47 -11.39
KKH086 27.03 771 876  -9.96 -10.74°  -11.26°  -11.33  -10.91--- - . -
KKH098 2690 -9.35 -10.08 -11.00 -11.81  -12.02  -12.39 -123 ...
KKR25 26.35
NGC2366 2753  -14.87 -15.03 (-15.77) (-16.06) (-16.26) 6(3M) ---  -1571 -15.34 -1552 -1571
NGC3741 2755 -12.32 -1250 -12.95  -1351  -13.73  -13.83 .024 -12.95 -12.51 -11.78 -11.44
NGC4163 2736  -11.93 -12.37 -13.37  -1422  -1461  -14.86 .944 -14.09 -13.62 -1323 -12.78
UGC4483 2753  -11.71 -11.78 (-1251) (-12.82) (-12.82) 2(9m) ---  -11.92 -11.14 -9.28 -11.09
UGC8201 2835 -13.81 -14.03 -1456  -1529  -1547  -1555 515 -14.64 -14.22 -13.79 -13.02
UGC8508 27.06 .. -12.63  -13.32  -13.63  -13.79 -13.94 -13.07 -12.55 -12.45 .442
UGC8833 27.47 -10.85 -11.05 -11.80 -1255  -12.86  -13.02 .642 -12.33 -12.17 -11.47 -11.22
UGCA292 2779  -11.44 -11.49 -1213  -12.20 -12.38  -12.60 .612 -1253 -11.59 -11.48 -13.03
UGCAA438 26.74  -11.23 -11.37 (-11.69) (-12.46) (-13.00) I1B) ...  -12.65 -12.17 -11.96 -11.32
UGC5428 2772 ... -9.87 (-11.34) (-1252) (-13.02) (-13.30) ---  -12.94 -12.44 -11.26 -12.79
Sex A 2560 -11.75 -11.87 (-12.27) (-12.53) (-12.56) (-62.6 ---  -11.91 -11.45 -10.90 -9.24
ESO321-G014  27.50 -10.93 -11.31 (-12.20) (-12.75) (-13.04-13.21) ...  -12.89 -12.48 -10.48 -11.56
ESO540-G030  27.61  -8.20 -9.31 ... (-11.34) ... (-10.38) .-~ -12.01 -11.68 -10.13
IC5152 26.58 -13.35 -13.69 (-14.41) (-14.95) (-15.27) (425 - ... -1453 ...  -1531
Sculptor-dE1 2807 .-
UGC5373 25.67 -10.76 -10.99 -11.72  -12.74  -13.03  -13.14 283 -12.31 -11.93 ...  -11.26
UGC4305 2765 -15.00 -15.11 (-15.78) (-16.10) (-16.18) 6(41) ...  -1572 -1545 -1537 -15.45
UGC4459 2779  -12.41 -1257 -13.16  -13.68  -13.95  -14.06 .044 -1356 -13.14 -12.80 -13.63
UGC5139 27.95 -13.09 -13.26 (-14.04) (-14.44) (-14.66) 4#D) ...  -1407 -1353 ...  -13.24
UGC5336 2779  -12.79 -12.92 -1339  -13.86  -14.24  -1441 .394 -1360 -13.30 .-  -14.65

NoTE. — All photometry is given as AB absolute magnitudes andemied for Milky Way extinction.

a Distance modulus.
b Numbers within parentheses are for the Johnson-Cousiessfitumbers without parentheses are for the SDSS system.
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TABLE 4
AVERAGE SEDDIFFERENCES

Filter (IOg Lmod/l-obs> o(logLmod/Lobs)  Nobs

FUV -0.009 0.125 38

NUV -0.028 0.145 42

u -0.104 0.099 21

U -0.020 0.214 15

B -0.005 0.115 19

g -0.009 0.066 21

\% -0.005 0.127 15

r 0.024 0.064 21

R 0.042 0.213 18

i 0.045 0.080 21

z 0.088 0.096 21

3.6um 0.121 0.171 41

4.5um 0.117 0.161 42

5.6um 0.171 0.334 23

8um -0.091 0.411 25

TABLE 5

MODELED 7yy AS FUNCTION OFNUV —r COLOR?
Band Flux Fraction a b o(logmuv) R
FUV 50% 6.567 0.506 0.417 0.700
FUV 80% 7.029 0.558 0.344 0.853
NUV 50% 6.453 0.687 0.342 0.831
NUV 80% 7.215 0.652 0.184 0.962

aFits are of the form l0@gand Fraction = @+ b(NUV —r).



