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Table 1

Properties of Selected Galaxies
Properties NGC 7793 NGC 4395 NGC 4449 NGC 1313 NGC 3738
Morph? SAd SAm IBm SBd Im
Dist. (Mpc)® 3.44 4.30 431 4.39 4.90
12+ log(O/ H)® 8.50 8.19 8.26 8.21 8.10
M (Mg ) 32 q 1@ 6.0x 10° 1.1x 10° 2.6x 10° 2.4x 10°
N(YSO)® 378 108 284 674 164
N(IRAC4 clumpg’ 48 17 25 47 9
N( nal)? 39 17 16 23 2
Notes.

& Morphological type as listed in the NASHPAC Extragalactic Database.

b Redshift-independent orow-corrected redshift-dependent distance in Mpc, taken from Calzetti(20 5.

¢ Central oxygen abundances of the galaxies derived from the empirical calib(Rilgngin & Thuan2005 Pilyugin et al.2012 2013 or the direct method
(Pilyugin et al2010 2019. The values for NGC 7793, NGC 4395, and NGC 1313 are taken from PilyugifZ234), while the ones for NGC 4449 and NGC 3738
are taken from Pilyugin et a02015.

9 Stellar masses iN., taken from Calzetti et a(2019.

€ Number of identied YSCs; see Sectich2

f Number of IRAC4 sources identid as YSC counterparts; see SecBch

9 Number of IRAC4 sources in thenal sample; see Sectidn

is dominated by emission from PAH®ovich et al.2007, function of the age of the stellar popula{grthat heatexcite
Smith et al.2007 Marble et al201Q Tielens2013. As such, them before applying the 8n emission as an SFR tracer.

the dust emission within the Spitzer IRAC8 m) band will In this work, we aim to investigate how the & emission

be approximately attributed to the PAHs in this work for correlates with the age of the stellar population that heats the
simplicity. dust locally utilizing the star cluster catalogs from the Legacy

Observations of nearby star-forming regigraxies ~ Extragalactic UV survey(LEGUS; Calzetti et al.2013.
revealed that there is a metallicity dependence for the PAHLEGUS is a treasury program of the Hubble Space Telescope
emission(Engelbracht et aR005 Madden et al2006 Smith ~ (HST) aimed at the investigation of star formation and its
et al. 2007 Gordon et al2009 or abundanceDraine et al. re_Iat_lon with the galactic environment in 50 nearby galaxies
2007 Rémy-Ruyer et al2015, with weaker(lower) PAH within the local 16 Mpc. The LEGUS observations covee

o ; : broad bands from the UV to the near{IRIR) using the Wide
emission(abundancefor more metal-poor regiohgalaxies. .
Conversely, the existence of a strong interstellar radiatituh Field Camera 3 or the Advanced Camera for Surveys on board

. o the HST. Based on these high spatial resolution images,
is found to suppress the PAH emission, regardless of the 10,000 young star cluster€r'SC§ were extracted and

metallicity (Madden et al. 2006 Gordon et al. 2008 . o ' ;
. . . . m @glam 2017
Lebouteiller et al.2011 Shivaei et al.2017 Binder & ngsuertegl.lznog.pomtmgs in 31 galaxi@slamo et al.2017

Povich 2018. Such qorrelations between_ the_PAH emission  The paper is organized as follows. We describe the YSC
strength and the environment were explained in terms of PAHgg|ections for this analysis in Sectidh and the image
formation (e.g., Sandstrom et a019 or destruction(e.g,,  processing and photometry for IRAC4 sources in Se@idn
Madden et al2006 Gordon et al.2008 Lebouteiller et al.  section4, we present the observed relation between the star
2011, Binder & Povich2018. Galliano et al(2008 suggested  cluster age and the mass-normalizedhBluminosity. Simple
that the delayed injection of carbon dust by asymptotic giantassumptions are used to combine publicly available models of
branch (AGB) stars can explain the observed metallicity- stellar populations and dust emission in order to understand the
dependent PAH abundance. This picture suggests a positivebserved trend and the scatter in SecBoin Section6, we
relation between the stellar age and the PAH abundance thatfiscuss reasons for the observed deviation of several sources
was supported by Shivaei et @017 for star-forming galaxies  from the general trend and present an analytic expression for
(SFG$ at z 2 in which galaxies with ageg 900 Myr the envelope of the maximum 81 emission at a given age.
exhibit an elevated PAH-to-IR luminosity ratio compared Finally, we summarize our work in Secti@nThroughout this
galaxies with younger populations. paper, we adopt a Kroug2001]) initial mass functior(IMF).

While the environment regulates the PAH abundance, the
heating sources sigrdéantly alter the PAH emission aked
PAH abundance. Spatially resolved studies demonstrated that a
large amount of 8m emission is associated with the diffuse 2.1. Galaxy Selection

cold interstellar mediun{Bendo et al.2008 Calapa et al. The LEGUS sample consists of 50 galaxies between 3.5 and
2014, suggesting a heating source other than recent star 16 \Mpc distance. Within this distance range, the Spitzer
formation. The reported fractions ofix in the IRAC4 band IRAC camera, with a 2 point-spread function(PSH

that are not related to recent star formation and are excited bgubtends regions between 30 and pB0In order to maximize
evolved stars are about 3640%, 67%, and 60%480% in the number of isolated star clusters within each IRAC PSF, we
NGC 628(Crocker et al2013, M81 (Lu et al.2014), and M33 choose a maximum distance of 5Mpc for the most distant
(Calapa et al20149), respectively. These observations suggest galaxy we analyze, which subtends regiors0 pc in size or
that one should address how the PAH emission behaves as the typical size of H regions. In addition, we require the

2. Sample Selection
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(Rémy-Ruyer et aR015, we should expect a small variation Based on the IRAC4 counterparts ideetl visually, we redo
in gpan- Thus, we tend to favor variations fg,sas the main all the calculations except for the IRAC4 photometry. The
reason for the observed scattewln g/M, at xed age,,. median and corresponding catter of the ratios between the
Both Figures9 and 10 suggest that our observations are new values and theducial ones ar#.00 3% and1.00 395 for
better described by an instantaneous burst model for agetog age,, and log(vL,s/My), respectively. The overall dis-
below 10’ yr and by continuous star formation for ages tribution of these sources on thng*—l/Lyvg/M* plane remains
above 10’ yr, after including the effects of varyimg,, and nearly unchanged. The model predictions of the
Or faps This result is supported by SFH studies based on-eolor age, —/L,,s/My relations with varyingzp,y or fas still cover
magnitude diagrams. NGC 4449 and NGC 3738 are found toall the observations for continuous star formation, while two
have approximately constant SFHs in the last 200 Myr more sources witage, 40 Myrmove beyond the predicted
(Cignoni et al.2018 2019 Sacchi et al2018. Sacchi etal.  curve of gp,, 4.58% for instantaneous star formation.
(2019 also reported that the SFH of NGC 7793, which Therefore, the choice of evolutionary tracks in the SHihg
contributes 40% of ournal samplgsee Tabld), is not bursty has no Signicant impact on our results.
and suggests inside-out star formation in this galaxy. Further Similarly, replacing the Cardelli et 1989 extinction with
discussion can be found in Appendixwhere we demonstrate  the starburst attenuation law of Calzetti ef(&000 results in
that complex stellar populations are still needed to explain thesmall changes around thelucial values in eitheage, or
observations of some of our sources. VL, g/Ms for the two extinction assumption@e., that the
ionized gas has either the same or higher attenuation than the
5.5. Variations in the Hardness of the Local Radiation Field star$.
) ) With regard to the aperture-correction method, the average
The Draine & Li(2007) dust model assumes aed spectral  gpe changes the normalization of the SED of the YSCs but not
shape for the local rad|a§|oreld (i.e., the shape is that of the  {pe shape, thus onlil+ is affected, and age and extinction
solar neighborhood, estimated by Mathis et #83 and  yemain mostly unchanged after the correcddamo et al.
ignores its variations. As the stellar populations age, the extangoﬂ). Conversely, the Cl-based correction changes both the
model only .considers the .de.crea.se in the amount of input,grmalization and the shape of the SED, so ket age, and
energy, but ignores the variations in the hardness of the locabyginction are all affected. However, these physical properties
radiation eld. The radiative cross section of the PA).,  derived from the Cl-based aperture correction show overall
Figure 1 in Draine201]) is wavelength dependent and a5reement with those derived from the average-based one, with
increases toward the UV, which means that for YSCs with gome scattefAdamo et al2017 Cook et al.2019. When we
massive OB stars, and thus more UV photons, the absafption yse the catalogs with the Cl-based aperture correction, a
emission of the PAHs will be enhanced. Because the effect ory|igntly larger scatter around thelucial values is found for
the absorption is included fg,sand discussed above, here we i age, anduL, g/My. The median and the lscatter are
only consider the effect on the emission in termglgfs/L R, 1.00 818% and 1.00 833& for logage, and log(L, o/Ms),

which increases for a harder starlight spectrum. tvelv. Such ft q " sicantly ch th
Draine(2011) reported thatL, g/Ltr increases by a factor respectively. such scatlers do not sigantly change the

of 1.57 compared to the Draine & (007 model if the ~ ©Verall distribution of our sources on thege, —L..e/Mx
assumed spectrum is replaced by = 20° K blackbody(cut plane. Therefore., our conclusions d_rawn from thdcial
off at 13.6 eV. This factor will only slightly boost the catalogs are not impacted by the choice of YSC catalogs.
predictedvL, g/Ms at the smalkge, end, implying a subtle
effect on the overall trend of the predictade, /L, /M 6. Discussion
relation. Furthermore, as the starlight travels through H
regions before heating the PDR, dust in the kegions will
soften the starlight and reduce the difference between the In the last section, we have demonstrated that fgth and
assumed Mathis et a{1983 spectrum and the one from a f,,s play similar roles in predicting the PAH emission. In
central YSC. Thus, the presence of a harder local radiatioh principle, under the frame of instantaneous star formation, the
might slightly enhance the PAH emission for YSCs and combination of these two parameters can explain all the
contribute to the observed scatter, but is not expected to be thebservations below the model predictions of the
main driver of the overall trend observed in Figdre age,, L, s/My relation presented in Figui& even for the
two we labeled as outliers in SectidnFor example, assuming
. q 2.50% f.,.. should be 0.032 and 0.003 to match the
5.6. The Choice of YSC Catalogs observations of NGC 1313-E 640 and NGC 4395-S 622,
As mentioned in SectioB.2, the YSC catalogs provided by respectively.
Adamo et al.(2017 include 12 catalogs for each galaxy, However, for the IRAC4 sources located above the model
resulting from the combination of two aperture-correction predictions, it is difcult to reconcile them with our simple
methods, two stellar libraries, and three extiné¢ttenuation model. In Sectio®.3, we argue that such PAH excess indicates
schemes. Theducial ones used in this work are derived from additional heating sources that might be missed by our YSC
SED tting with the Geneva tracks without rotation and the selection. In order to understand this PAH excess, we mark
Milky Way extinction curve of Cardelli et a{1989 based on  three 8 m sources located above the model predictions of
photometry from average aperture correction. Here we tesinstantaneous star formation as colored open circles in the top
whether the choice of YSC catalogs changes our results. panel of Figur®. The H , optical RGB, and IRAC4 cutouts of
We take the catalogs generated from the Padova-AGB trackshese sources are shown in Figide Two of them are from
with the Cardelli et al(1989 extinction curve and average NGC 1313, while the other one is from NGC 4449. The H
aperture correction to test the choice of the stellar librariesimages are retrieved from the HLA: F657N for NGC 1313

6.1. PAH Emission Excess
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NGC 4449 885

Figure 11.H (left), optical RGB(middle), and IRAC4(right) images of three sources with excess PAH emission compared to models. The optical RGB images are
created from UMF275W, blug, V (F555W; greep andl (F814W; redl bands. The symbols are the same as in Figaseept for the small blue circle in the top row,

which is highlighted for discussion. The colors of the source IDs are the same as those of the open circles denoting their locafippglifi-tege,, plane in the

top panel of Figure®.

(Program: G©G13773; PIl: Rupali Chandamand F658N for The model photometry for SEQtting is generated from the
NGC 4449(Program: GOG10585; PI: Alessandra Alojsi Yggdrasil population synthesis cof#ackrisson et aR011) in

We rst attempt to use the iden¢id YSCs alone to explain  which a Kroupg2001) IMF is assumed. To match the catalogs
the PAH emission excess by performing SERing with adopted, we use the Geneva tracks without rotation, together

additional H photometry. There are four clusters within the with metallicities ofZ = 0.004, 0.008, and 0.02. The Milky
IRAC4 apertures plotted in Figufel. We measure H uxes Way extinction curve of Cardelli et 1989 is adopted, while
of these clusters following the photometry method described inE(B V) varies from 0 to 1.5 in steps of 0.01. For nebular
Adamo et al(2017. Due to the comparable spatial resolution emission, a covering factor of 0.5 is assumed. yA

of the H images to the broadband images of the LEGUS minimization is implemented to obtain the bestodel.
survey, the isolated star cluster samples idedtibby Adamo We plot the results from the newlyted M« and age, which
et al. (2017 are adopted to construct the growth curves and include H measurements, in the top panel of Figlies lled
thus the average aperture corrections. Small offsets between thercles with error bars with the same colors as the corresp-
coordinates of the H and LEGUS images recovered by the onding open circles. Adding the narrowbandes in H does
World Coordinate System information are corrected utilizing not signi cantly changevi«+ and age for three out of the four
IRAF tasks. We have applied our photometry code to the clusters. For therst IRAC4 source plotted in FigutEl (i.e.,
LEGUS images and nd good agreement between our NGC 1313-W 187}, two identi ed YSCs are enclosed by the
measurements and those retrieved from the Adamo et alaperture. Comparing with the bedtresults extracted from the
(2017 catalogs. Adamo et al.(2017 catalogs, the central orf{BlGC 1313-W
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