UC Irvine
UC Irvine Previously Published Works

Title
Mid- to far-infrared properties of star-forming galaxies and active galactic nucleix *

Permalink
https://escholarship.org/uc/item/98139714

Authors

Magdis, GE
Rigopoulou, D
Helou, G

Publication Date
2013-10-01

DOI
10.1051/0004-6361/201322226

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/98139714
https://escholarship.org/uc/item/98139714#author
https://escholarship.org
http://www.cdlib.org/

Astronomy& Astrophysicananuscript no. ms_v3 ©ESO 2013
September 17, 2013

Mid- to far infrared properties of star-forming galaxies and active
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ABSTRACT

We study the mid- to far-IR properties of a 2¢h-selected flux-limited sampl&§, > 5 mJy) of 154 intermediate redshifizf ~ 0.15),
infrared luminous galaxies, drawn from the 5 Milli-Janskplibhsed Spitzer Extragalactic Survey. By combining emgstinid-IR
spectroscopy and netterschel SPIRE submm photometry from the Herschel Multi-tiered &gédactic Survey, we derived robust
total infrared luminosity I(;zr) and dust massMqus) €stimates and infered the relative contribution of the A@lhe infrared energy
budget of the sources. We found that the total{(800um) infrared emission of galaxies with weak @2 PAH emission EWs, <
0.2um) is dominated by AGN activity, while for galaxies wit\Ws, > 0.2um more than 50% of ther arises from star formation.
We also found that for galaxies detected in the 250/58(Herschel bands an AGN has a statistically insignificaffiieet on the
temperature of the cold dust and the far-IR colours of the galsxy, which are primarily shaped by star formation agtivFor star-
forming galaxies we reveal an anti-correlation betweenltheto-rest-frame &m luminosity ratio, IR8= Lig/Lg and the strength
of PAH features. We found that this anti-correlation is ity driven by variations in the PAHs emission, and not byiations

in the 5-15um mid-IR continuum emission. Using the [Né&/[Nen] line ratio as a tracer of the hardness of the radiation figlkl,
confirm that galaxies with harder radiation fields tend toileixlweaker PAH features, and found that they have higheru&8es
and higher dust-mass-weighted luminositieg{Mqusp), the latter being a proxy for the dust temperaturg).( We argue that these
trends originate either from variations in the environmefthe star-forming regions or are caused by variations idge of the
starburst. Finally, we provide scaling relations that ailbw estimating.ir, based on single-band observations with the mid-infrared
instrument, on board the upcoming James Webb space tetescop

arXiv:1309.3922v1 [astro-ph.CO] 16 Sep 2013
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1. Introduction 2009) LIRGs and ULIRGs have revealed that while both AGN
nd star formation activity is present, their IR emissiomastly
OEowered by star-formation. However, to properly measuee th
bolometric output of the galaxies there is an imperativednee
for far-IR (50-35Qum) observations that trace the peak of the
spectral energy distribution (SED) of star-forming gadesxiFur-

¢ thermore, while recent studies of hi alaxies have come to
infrared (8-1000um) part of the spectrum (Dole et al. 2006)Suggest that the far-IR emission is Eﬁ‘r%arily shaped byfstar

Because in thellocal Univers_e 'ghe infrargd output of gakide 44 activity (Hatziminaoglou et al. 2010; Kirkpatrick &.
only about a third of the emission at optical wavelengthg.(e.5015. Feltre et al. 2013), it is still unclear whether and fow
Soifer & Neugebauer 1991), this implies a strong evolution Qs ‘coylg impact the far-IR colours and the dust temperature

infrared galaxy populations, with an enhanced far-IR otitpu of the large grains in the ISM of a galaxy (e.g. Haas et al. 2003
the past, to account for the total measured CIB. Netzer et al. 2007).

With the advent of infrared space telescopes, such as the In-,, . ;
With the advent oHerschel we have now gained access to
frared Space Observatory (Kessler et al. 2996, see Genze{h% far-IR part of the spectrum of the galaxiegs uzte 2, and

Cesarsky 2000, for a summary), the Spitzer Space Telescgng .\ nossible to bridge the warm and cold dust emission
(Saogggr'o\évseé?\/(;rt;t al. 2h(<)aIO4F)>’iI§POt|t mtorle ;cleontly t?}e Het:schgll]d reveal the underlying heating mechanisms. In this tinec

P w(ars_c ! attetal. ) we have €€t has recently been demonstrated that for the majority af st
able to resolve a considerable fraction of the CIB (&xg4% ¢, in o galaxies up ta ~ 2, the ratio of total (=) to the mid-
at 16Qum, Berta et al. 2011) into individual sources and Cofyg |, inosity. as traced by the rest-framer@ emission (g)
struct and characterise large samples OT infrared gal&ﬁqesa gbeys an alm’ost linear relation, suggesting a very unifoﬁd; m
review see Lagache et al. 2005). These infrared campaiyes far-IR SED shape for star—fdrming galaxies through dasm

revealed that the number density of luminous infrared gal : . ;
ies (LIRGsLig > 10! L) and ultra luminous infrared galaxiegmne (Elbaz et al. 2011). However, outliers to this relatiim

. . : —~exist, with a small fraction of star-forming galaxies extii
(ULIRGs L > 10" Lo), which emit the bulk of their energyin _ \".r oV ing Lir/Lg value. While th%sgexcess in IFI:S is
the infrared, increases by three orders of magnitude as oke Iq ‘

back in time and they also dominate the star formation dyens\llgund 0 anti_—correlate with the_ IR surfa_ce brightness agice
of the Universe by ~ 1 (e.g. Le Floch et al. 2005). ith the projected star formation density (Elbaz et al. 2011

Different parts of the IR spectrum of galaxies are dominatth true nature of these sources, the origin and the scdttiee o

; . . . & servedLr—Lg relation among galaxies that fall in this “IR
it;y dd(;ﬁmei;]i‘r,:tezhg Slv(\:/glrﬁ:%%esstseeri.is-g?oenm\;\?r;ilﬁegr/iﬂ?rzaet?slsfﬂimn tmain sequence”, and the connection of the mid- to the far-IR
0y ’ org roperties of the galaxies are yet to be fully understood.
small dust grains that are heated by energetic photons peddu Another key question that still remains open is whether the
by young stars or through AGN accretion activity. Superim; ya P

osed on this continuum emission is a large set of broad erTﬁg_aracteristics of the PAH features can be used to infer-info
Fs)ion line features. centred at3.3. 6.2. 7.7 896 11.2, Aighn mation about the star formation properties of the galaxies.

which are thought to originate from polycyclic aromatic hyd PTiNciPle, PAHS could serve as a good tracer of star formatio
carbons (PAHSE;; Puget gt al. 1985;pAII):in>;andola et al. h198 tivity, since they are stochastically heated m.alnly bprM-
PAH emission predominantly originates from photodisstaia hs produced by stars (PAH$ can a!so be excited by visual pho
regions (PDRs) that are illuminated by UV-bright stars aad cSgﬁiaitgfgﬁhlgqges?xlj'g‘tg)rgi'ﬁed%ndgategn%iﬂésggtsczjrg"’ ﬁbn
contribute up to 10% of the total infrared luminosityg) in X S ' . ). | ) P
star-forming galaxies (e.g. Smith et al. 2007). Previspiszer of fixed emission and absorption properties and fixed PAH abun

; ; dance, the PAH emission is a measure of the amount of photons
studies using the Infrared Spectrograph (IRS, Houck etl4p Y .
e ¢ : vailable between 6 and 13.6 eV and hence of star formation.
have shown that PAH emission varies considerably betwaen sﬁ is line of reasoning is supported by various studies tageh

forming and AGN-dominated galaxies and as a function of t emonstrated an almost linear correlation between PAH-emis
metal enrichment of the interstellar medium (ISM) of a gylaxSion andLir (e.g. Soifer et al. 2002; Peeters et al. 2004:

N . . ~ . IR .g. . , . )
In particular, PAHs are found to be prominent in star-forgnin tz et al. 2008), the latter thought to be an excellent frace

%zélrenzgre\;vgﬁ gg()GSN,SAPrr?th Igtc ;"yzg())e?(;taerr% Ztt zllqr??%%i (’:'to of star-formation rate for dusty circumnuclear starbuisenni-

al. 2008; Huang et al. 2009; Desai et al. 2009), while thed te utt 1998). However, thépan/Lir ratio is known to vary as a
to be weaker or even absent in galaxies dominated by an A fjetion of the environment in which star formation takeaqel
(e.g. Kirkpatrick et al. 2012; Weedman et al. 2006). Henle, &9 Peeters et al. 2004) but also as a functlon of AGN activ
strength and the relative ratio of the PAHs, along with ahges ity (e.g. Siebenmorgen et al. 2004). Th'rS] als% alppllels - int
of other atomic fine structure lines (e.g., Ne, S) and abiprpt 9"at€dLpar andLir measurements over the whole galaxy. In
by amorphous silicates centred at 9t, offer a unique diag- particular, theLpap/Lir ratio can vary up to a factor 10 between

X e : : here the environment of massive star formati@nres
nostic tool characterising the dominant mechanism thalepswsourcesw
the IR emission of the galaxies (e.g., Laurent et al. 2000z LLPIeS PDRs (e.g. M82, Carral etal. 1994) and that of embedded

etal. 1996; Genzel et al. 1998; Peeters et al. 2004; Spodn eti formation (e.g. Arp220) thatis more similar to the ndies
2007') ' ' ' ' ' of compact Hi regions (Rigopoulou et al. 1999). Interestingly,

Mid-IR spectroscopic studies of local (Rigopoulou et af similar variation in the strength of far-IR fine structuiees
P P 9op & observed among filerent star formation environments (e.g.

; . [

1999; Farrah et al. 2007; Desai et al. 2007) and distant, (e.g. - - .

Yan et al. 2007; Dasyra et al. 2009; Herna)n-CabaIIero e(t graqa-Carpm etal. 2011)'. It couI(_j therefore be sugget$_tatj

’ ' ' ' e integrated PAH properties of distant galaxies, wheedrth

* Herschel is an ESA space observatory with science instrtspeo- d_lVld_U3| star-_formmg regions remain unresolveq, canycaru-

vided by European-led Principal Investigator consortiaaith impor- ~ Cial information about the averaged star formation agtioin a
tant participation from NASA. galaxy-wide scale.

One of the major advances in our understanding of galaxyev
tion was the discovery of the cosmic infrared backgroun@jClI
first detected by Puget et al. (1996), which led to the retidina
that half of the energy produced by star formation and aioret
activity throughout the history of the Universe is emittea the
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To address these questions, in this paper we exploigar24 rived from PAHFIT. This was done to be able to compare our
flux-limited sample of intermediate redshift mid-IR-sekxt measurements with other samples reported in the literabere
galaxies that benefit from high-quality mid-IR IRS spectba o cause the majority of these use the spline method when fegort
tained as part of the 5 Milli-Jansky Unbiased Spitzer Exatag- EW values. Finally, in addition to the 24n photometry and IRS
tic Survey (SMUSES). By combining existing mid- and far-IRspectroscopy, the whole sample benefits from 70:A6MIPS
data with new submm (25600um) Herschel-SPIRE observa- and IRAC 3.6-8.0um observations, with 90% and 54% of the
tions drawn from the HerMES project, we attempt a full chasources being detected at 70 and 461 respectively.
acterisation of their IR properties and study the variatibthe
PAH features among star-forming galaxies. A key aspect of o
sample is that it traces the epoch of the steep increase @f-th

frared luminosity density (0 < z < 1.0), providing a snapshot \ve usedHerschel SPIRE (Grifin et al. 2010) observations of
of the evolution of the properties of star-forming galaxiesn the fields ELAIS-N1, Lockman Hole, XMM, and XFLS, ob-
the present day to the peak of the star formation activith® ttained as part of the Herschel Multi-Tiered Extragalactit-S
Universe ¢ ~ 1-2). In Section 2 we provide a description of,eyi (HerMES; Oliver et al. 2010, 2012). For these sources, we
the sample, present ancillary IRS and newly obtaiHedschel  employed the photometric catalogues at 250, 350, ang:B00
data and classify the dominant powering source of the gedaxithat were produced for each field by using a prior source ex-
In Section 3 we derive the far-IR properties of the samplalevhtraction, guided by the position of known 2 sources. An

in Section 4 we investigate the impact of the AGN activity oBxtensive description of the cross-identification pricurse ex-

the far-IR properties of the galaxies and examine the variatf traction (XID) method is given in Roseboom et al. (2010, 2012
the strength of PAH features as a function of IR8. In Sectionfthe main advantage of this method is that reliable fluxes can
we provide a discussion motivated by our results, and finally he extracted close to the formald — 5 mJy SPIRE confusion
Section 7 we summarise our findings. Throughout the paper Wgise (Nguyen et al. 2010) by estimating the flux contrilngio
adoptQm = 0.3,Ho = 71 km s* Mpc™* andQ, = 0.7. from nearby sources within one beam. Theu®4 prior posi-
tional information reduces the impact of confusion noisé sm

the approximate @ limit for the SPIRE catalogue at 2%0n is

~ 9-15mJy. The drawback of this technique is that the resulting
5MUSES is a 24im flux-limited (5mJy< Si4 < 100mJy), catalogues could be missing sources without arB4counter-
mid-IR spectroscopic survey of 330 galaxies selected froen tpart, that is, 24:m drop-outs (e.g. Magdis et al. 2011). How-
SWIRE fields (Lonsdale et al. 2003), including Elais-N1,i&la ever, since all galaxies in the SMUSES sample have a bright
N2, Lockman Hole, and XMM-LSS, in addition to tt®pitzer 24um counterpart, we are noffacted by this caveat.
Extragalactic First Look Survey (XFLS) field (Fadda et al. Out of the 280 sources in the SMUSES sample presented by
2006). Out of this sample we focus on the 280 sources pit et al. (2010), 188 galaxies are covered by HerMES observa-
sented by Wu et al. (2010), for which we have secure specttions. After applying a flux cut limit of 15 mJy to all three
scopic redshifts. This simple selection criterion of thelBSES  of our SPIRE photometric catalogues, 154 sources are detect
survey provides an intermediate-redshift samgi € 0.144) at 250um at a 3 significance level, 108 at 356n, and 50 at
they bridges the gap between the bright, nearby star-fgmiB00um. All sources detected at 350 and 500 are also de-
galaxies (e.g. Kennicutt et al. 2003; Smith et al. 2007; Dafected at 25@m. To assess the robustness of the detections we
et al. 2009; Pereira-Santaella et al. 2010; Diaz-Santo$ etalso preformed a visual inspection of the sources irHéachel
2010), local (U)LIRGs (e.g. Armus et al. 2007; Desai et amaps. The SPIRE photometry of the final sample, that is, gsurc
2007; Imanishi et al. 2007; Farrah et al. 2007; Veilleux et alith at least one detection at one of tHerschel bands, is pre-
2009), and the more distant sources that have been followedsented in Table 1. The spectroscopic redshifts of the seurce
with IRS spectroscopy (Houck et al. 2005; Sajina et al. 2004te drawn from Wu et al. (2010) and the median redshift of the
Yan et al. 2007; Farrah et al. 2008; Pope et al. 2008; Dsample considered here{® = 0.157. Finally, a K-S test re-

sai et al. 2009; Menéndez-Delmestre et al. 2009; Sargsyavedls that theSys values of the whole population of galaxies
al. 2011). Low-resolution mid-IR spectrR & 64— 128) of all in our fields withS,4 > 5mJy and that of the SMUSES sample
galaxies in 5SMUSES have been obtained with the short-low (Shre drawn from the same distribution. While this was expkcte
5.5-14.5um) and long-low (LL: 14-35um) modules of the IRS based on the simple selection criteria of the SMUSES samples
using the staring mode observations. A full descriptionhef t (S,4 > 5mJy), it also suggests that it is representative of the full
IRS observations and data reduction are presented in Wu etHdrMES population at this 24m flux limit.

(2010). In brief, PAH luminosities and equivalent width (EW

were measured using the PAHFIT software (Smith etal. 2087) a L ) )

well as a spline-fitting method. In the former, the PAH featur 2.2. Classification of AGN and star-formation-dominated

are fit with Drude profiles, which have extended wings that ac- SOUrces

count for a significant fraction of the underlying plateami®  The equivalent widths of PAH features can serve as indisatbr
etal. 2007), while in the spline or apparent PAH EW methodige AGN versus star formation activity in the galaxy (e.gut.a
local continuum under the emission features is defined byditt rent et al. 2000, Brandl et al. 2006, Spoon et al. 2007). Here,
a spline function to selected continuum points. While th&iPA e ysed the 6,2m equivalent width as measured by the spline-
FIT method is known to give higher integrated PAH fluxes argl method. We chose the 6.2 over the 1jin8 PAH band be-
EWs due to the lower continuum adopted than the spline methggyse the latter is located on the shoulder of the:S Bilicate

the two methods provide consistent results on trends (Setittyeature. Following previous studies (e.g., Armus et al. 200

al. 2007; Galliano et al. 2008). Following Wu et al. (2010)yy et al. 2010), we classified sources wihVs» < 0.2um as
we adopt PAH EWs as measured by the spline-fitting method,

fixing the rest wavelength continuum pivots as in Peeters. et & For more information about the HerMES programme visit her-
(2002), and 6.2-, 7.7-, and 11ugh PAH-integrated fluxes as de-mes.sussex.ac.uk

.1. Herschel observations

2. Sample selection and observations
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Fig. 1Left: IRAC colour-colour diagram of the 5SMUSES sample. The weidghe AGN selection region of Donley et al. (2012).
Red and black circles represent sources itk » < 0.2um andEW; 2 > 0.2 um respectively. Grey circles correspond to sources
for which the SED decomposition attributes more than 50%heirttotal infrared luminosity to AGN activityRight: Fractional
contribution of an AGN component to the totak as a function of the 6,2m EW of the sources. The dashed grey line corresponds
to fagn = 0.5.

AGN-dominated and sources wil\\;, > 0.2 um as composite From the various output parameters here we focused on the
and star-forming- dominated sources, with purely stamfog recovered g and the contribution of an AGN in the total in-
galaxies havingeWs 2 > 0.5um. frared output {agn). The SED decomposition can only trace
To validate the classification based on the;812PAH equiv- POSSible misidentifications of AGN as star-forming galaxiaut
alent width we used the revised IRAC colour selection of gnl N0t the other way round.  Indeed, if our classification is cor-
et al. (2012), which combines the AGN selection Wedges,(e.%Ct’ then the majority of the bolometric IR output of a star-
Lacy et al. 2004; Stern et al. 2005) with the infrared poweformation-dominated galaxy cannot be due to AGN activity. O
law selection of AGN (Alonso-Herrero et al. 2006; Donley ket athe other hand, a strong AGN that dominates the mid-IR spec-
2007; Park et al. 2010). This AGN selection limits the coritarr'um does not necessarily also dominate the total energyuout
nation by star-forming galaxies, and is also reliable feritlen- Of the source. With this in mind, we plot in Figl 1 (right) the
tification of luminous AGNs (Mendez et al. 2013). We foun@GN fraction that corresponds to the best fit as a function of
that all but one of the sources in our sample ViV, > 0.2um  EWe2. We found that sources witB\We, > 0.2um tend to have,
fail to meet the Donley et al. (2012) criteria, whi0% of the ON average, a lower contribution of an AGN to their IR output,

sources withEWs » < 0.2um would be classified as AGN basedonfirming the validity of our classification as star-formiiom-
on their IRAC colours (Figi1 left). Inated sources. In contrast, all sources for which we iefitthat

more than 50% of the totdlgr arises from dust heated by an

. . X WGN haveEWs,> < 0.2um and the majority of them are found
sample, and especially the IRS spectra, makes it possibiseto to meet the IRAC colour criteria of Donley et al. (2012) (Fig.

a third classification of the sources based on the relative Cy left). We also note that while for 60% of the sources with
tn_butlon of an AGN in the infrared output of our_s_ample. FOEW@z > 0.2um the best-fit yields a non-zero AGN contribution,
this task we use the AGN-host-galaxy decomposition methiodip, o oy the Akaike information criterion (Akaike 1974)0kus

Mulllan_ey.et al. (2011). This method employs a host-ggila>g/ aflon without the need of an AGN component is equally probable
an intrinsic AGN template SED to measure the contribution ithin a 68% confidence interval for 80% of them. On the other

the infrared output of these two compon@ntJhis technique hand, for almost all sources (95%) WEWs » < 0.2um, the ex-

identifies the best-fitting model SED to the observed inftares; .. ‘o of an AGN is favoured atdo- confidence level
data (spectra and photometry) throyghminimisation and by ’

varying the values of a set of free parameters. In brief glfiese

parameters are: 1) the host-galaxy SED (a set of five teng)jate

2) the wavelength of the spectral break (if there is one) & th ) )

mid-IR SED of an AGN f{); 3) the spectral indicesy{ and Given the very good agreement between the three indepen-
a2) below and aboveyy; 4) the wavelength at which the SEDdent indicators, we conclude that the EW of theefeature is

of the AGN component peaks; 5) the dust extinction of the AGAreliable tool, at least for our sample, for identifying AG#I-

and host-galaxy component using a Draine et al. (2003) profisus star-formation-dominated sources. Based oW, clas-

and 6) the relative normalisations of the two components. EXfication, our sample consists of 116 SF and composite galax
amples of the best model SEDs are shown in [Eig. 2. (70%), and 50 AGN-dominated sources (30%). While we did

not find a trend betweefagny andEWs 2 in the EWg 2 > 0.2um
regime, for consistency with previous works in the literatwe
2\We uses the DECOMPIR routine, available  awill refer to galaxies with 0.2m < EW; 2 < 0.5um as composite
https://sites.google.com/site/decompir/ and to galaxies witlEWg 2 > 0.5um as star-forming.

The plethora of mid-to-far-IR data that are available for o
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Fig. 2 Examples of SED fitting using the AGbst-star-forming galaxy decomposition technique of iodly et al. (2011). Green
circles are the observed points, overlaid with the bestféttmodel (black line). The AGN and host galaxy componergshown
as red and blue dashed lines, respectively.

3. Analysis the form of PAH grains. The majority of the dust is heated by
a radiation field with a constant intensity,in, while a smaller
Several key physical properties of distant galaxies, sscima fractiony of the dust is exposed to a power-law distribution of
frared luminositiesl(r), dust temperatureg §) and dust massesstar light intensities extending frobiyin t0 Umax. TheU = Upin
(Maus), can be estimated by fitting their mid-to-far-IR SEDs witikomponent can be interpreted as the dust in the gendfasei
various models and templates. However, the lack éfidant |SM, while the power-law starlight distribution allows fdust
data for a proper characterisation of the SED has oftenduinitheated by more intense starlight, such as in the intense RDRs
this kind of analysis to models ffering from over-simplified star-forming regions. For simplicity, emission from dustked
assumptions and broad generalisations. $pigzer andHer- by U > Uy, is referred to as the PDR, or the warm dust compo-
schel data available for the galaxies in our sample provide thasent, and the emission from dust heatedJby Uy, is referred
ough photometric sampling of their SEDs, allowing the use @f as the diuse ISM or the cold dust component. Although the
more realistic models of the sort that have previously bgen @DR component contains only a small fraction of the totat dus
plied mainly in the analysis of nearby galaxies. Here, wesitbn mass, in some galaxies it contributes a substantial fracticthe
ered both the physically motivated Draine & Li (2007, heteaf total power radiated by the dust. Then, according to DLO&, th
DLO7) models for non-AGN-dominated sources and the moagnount of dustiMg,s;, exposed to radiation intensities between
simplistic, but widely used, modified blackbody model (MBB) andU +dU, can be expressed as a combination@®fanction

for the whole sample. and a power law:
3.1. Draine & Li 2007 model dM a-1
dSUSt ={(1 = yY)Mausd(U = U min) + '}’Mdusrm u—,
We employed the dust models of DLO7, which constitute an up- Unin = Umax
date of the models developed by Weingartner & Draine (2001) (1)

and Li & Draine (2001). These models describe the interstel-

lar dust as a mixture of carbonaceous and amorphous silicatth Upmin < Umax @ # 1). Here,U is normalised to the lo-
grains, whose size distributions are chosen to mimic the atal Galactic interstellar radiation fiel¥)qys: the total dust mass,
served extinction law in the Milky Way (MW), the Large Mag-« the power-law indexy the fraction of the dust mass that is
ellanic Cloud (LMC), and the Small Magellanic Cloud (SMChssociated with the power-law part of the starlight intgndis-
bar region. The properties of these grains are parameddrise tribution, andUin, Umax @nda characterise the distribution of
the PAH indexgean, defined as the fraction of the dust mass istarlight intensities in the high-intensity regions.
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Fig. 3 Examples of SED fitting. Red squares are observedqamwérlaid with the best-fit DLO7 model (black line). The PBRI
diffuse ISM components are shown in purple. The yellow line istbkbar component and the dashed blue line the best-fit neadifi
blackbody model witt8 = 1.5. The green line in the mid-IR is the actual IRS spectrum ohesurce. We convolved the observed
IRS spectrum with the IRS 16n peak-up imaging filter and ai@n-wide top-hat filter centred at observed80 to enhance our
fit with two more points in the observed mid-IR part of the dpgm. The rest of the data are taken from IRAC, MIPS, and SPIRE

Following DLO7, the spectrum of a galaxy can be describédC, and SMC) and the precise values@BndU,x. These
by a linear combination of one stellar component approxematauthors showed that fixed valuesof= 2 andUpax = 10° suc-
by a blackbody with colour temperatufe = 5000K, and two cessfully describe the SEDs of galaxies with a wide range of
dust components, one arising from dust in th&udie ISM, properties. Draine et al. 2007 also favour the choice of MW
heated by a minimum radiation field,, (diffuse ISM compo- dust properties for which a set of models wighy ranging from
nent), and one from dust heated by a power-law distribution @.4% to 4.6% is available. Furthermore, because lhyy, val-
starlight, associated with the intense photodissociagions ues correspond to dust temperatures belod5 K that cannot
(PDR component). Then, the model emission spectrum oba constrained by far-IR photometry alone, in the absence of
galaxy at distanc® is: rest-frame (sub)mm data {s = 850um), the authors using 0.7
< Umin < 25. While this lower cutfi for Ui, prevents the
fit from converging to erroneously large amounts of cold dust

Maust i ; i i
fmodel _ 0 B (T,) + 48t 1(1 = v) p© Upin)+ heated by weak starlightg,in < 0.7), the caveat is a possible
v (T) 47 D2 [(2 =%)P. (Gpar, Unmin) underestimate of the total dust mass if large amounts ofcdtl

v P, (Apans Umin, Umax @)1, (2) ae indeed present. However, Draine et al. (2007) concltiged

omitting rest-frame (sub)mm data from the fit increases tlag¢-s

whereQ, is the solid angle subtended by stellar photospherd ©f the derived masses to up to 50% but does not introduce a

pso)(QPAH,Umin). and p,(Geart » Umin, Umax, ) are the emitted systematic bias in the derived total dust masses.
power per unit frequency per unit dust mass for dust heated by
a single starlight intensitWmin, and dust heated by a power-law  Under these assumptions, we fit the broadbpitrer and
distribution of starlight intensities fafM/dU o« U~ extending Herschel data of each galaxy witEWes, > 0.2um in our sam-
from Upin t0 Upax. ple, searching for the best-fit model iy minimisation and

In principle, the dust models in their most general forrparametrising the goodness of fit by the value of the redyéged
are dictated by seven free parameteds, Qpar, Umin, Umax @,y Xf = x?/Ngof (WhereNgof is the number of degrees of freedom).
andMgy). However, Draine et al. (2007) showed that the overalb further exploit the available information provided bgthRS
fit is insensitive to the details of the adopted dust model (MWWpectra, for each source we estimated the observed fluxtgensi
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at 16um as it would be measured with the 4 IRS peak-up 10° o T
image, and at 30m assuming a Zm wide top-hat filte ,/ ]
The best-fit model yields a total dust masdy(s), Umin, 8S 7 //I
well asy andgpan, while to derivel ;g estimates we integrated /’ /(c
the emerging SEDs from 8to 1 : — e -
g g O,Q@I SO 108 | // /(:. .
1000 m c = e el 1
Lr = f Ly(/l) X — dA. (3) m 7 bt ]
8 um A2 m L /ﬁ'?'
= // %
A by-product of the best-fit model is also the dust-weighted a e Wi
mean starlight intensity scale factod ), defined as 25 10" F 7 ;"‘”{ 1
/7 b
Laust / 4
= 4 4 /
= P @ S
wherePy is the power absorbed per unit dust mass in a radia- 108 /.; L
tion field with U = 1. Note thaiU) is essentially proportional 108 107 108 10°

to Lir/Mgussy and for the definition of g adopted here, that is,
Ls_1000, Magdis et al. (2012b) have shown tligt~125. Mgus DLO7 [Mo]

Uncertainties irLjg and Mqyst Were quantified using Monte ] .
Carlo simulations. To summarise, for each galaxy a Gaussfdi- 4 Comparison between dust masses derived based on a
random number generator was used to create 1000 artifickal fRingle-temperature modified blackbody (MBB) and masses de-
sets from the original fluxes and measurement errors. Thage ilved using the Draine & Li (2007) models. For the MBB derived
data sets were then fitted in the same way, and the standardMe:stWe assumg = 1.5. The purple solid line corresponds to
viation in the new parameters was taken to represent the-uné#lity and the two purple dashed lines to itsset by a factor of
tainty in the parameters found from the real data set. Exasnp? and 0.5.
of the best-fit DLO7 models along with the observed photoimetr

points are shown in Fid.]3, while the set of best-fit paransetey s masses inferred with the MBB and DLO7 methods. We note
for each source are given in Table 2. We note fchat th_e DLtHat unlike the DLO7 analysis, which is restricted to nonMG
models are representative of star-formation-dominatéakies sources, the MBB technique and the deridedmeasurements,

or equally for sources that do not harbour a strong AGN. AS_aa 4150 valid for AGN-dominated sources.

consequence, our analysis was restricted to star-formdtmi- e fit the standard form of a modified blackbody consider-
nated galaxies. For AGN-dominated sources in our samgle ('ing observed data points withes; > 60um, to avoid emission

EWs < 0.2um) we adopted thé,r measurements derived bygom very small grains, and used a fixed valugef 1.5, typical
the SED decomposition described in the previous section. ¢ star-forming galaxies (Hildebrand 1983; Gordon et all@0
Magdis et al. 2011b; Dale et al. 2012). From the best fit model,
3.2. Comparison with modified blackbody fits we then estimated the totMgys; with equation 6, considering
o ) . all sources, including AGN, with at least three availabletph
Another method for deriving estimates of the dust propefie metric points atl,est > 60um. For consistency with the DLO7
to fit the far-IR to submm SED of the galaxies with a singlenodels we adopted a value oo = 5.1 cn? g1 (Li & Draine

temperature modified blackbody (MBB), expressed as 2001). To obtain the best-fit models and the corresponding un
348 certainties of the parameters, we followed the same proeexiu
f, oc hv_ (5) for the DLO7 models. The derived parameters are summarised
e —1 in Table 2 and the best-fit models are shown in Elg. 3

A comparison between dust masses derived by DLO7 and
MBB is shown in Fig. (. We see that the modified black-
body technique yields dust masses that are lower than those
derived based on DLO7 models on average by a factor @f
S,D? . Ao ((MELO7/MYBB) = 2.13+0.36]. This result agrees with Magdis
T+ DreaB (o Ta) With Krest= Ko(/l—)ﬁ» (6) etal. (2012b) for a sample of z 1-2 star-forming galaxies

rest=yidrest Td rest and Dale et al. (2012), who found that the discrepancy betwee
whereS, is the observed flux densitf, is the luminosity dis- the two dust mass estimates increases for sources with lower
tance, andq is the rest-frame dust mass absorptionfioent S7o0/S1eo ratios that correspond to colder dust temperatures. This
at the observed wavelength. While this is a simplistic apphp is caused by the inability of the single-temperature mothede-
mainly adopted due to the lack offgient sampling of the SED count for the wide range in the temperature of dust grains tha
of distant galaxies, it has been one of the most widely uset-meare exposed to fierent intensities of the interstellar radiation
ods in the literature. Therefore, an analysis based on MB:Id. Fitting simultaneously both the Wien side of the maaiffi
models provides both estimates of theetive dust temperatureblack-body (which is dominated by warm dust), as well as the
of the galaxies in our sample, a quantity that is not directha- Rayleigh-Jeans tail (sensitive to colder dust emissionpdrithe
sured from the DLO7 model, and a valuable comparison betwegdgtived temperatures to higher values and consequentiyer|
dust mass estimates (e.g. Dunne et al. 2000). On the othér han

whereT is the dfective dust temperaturd{) andg is the ef-
fective dust emissivity index. Then, from the best-fit modele
can estimatdMyyst from the relation

Maust =

3 We chose to measure the flux density aiuB0since beyond that
wavelength the IRS spectra become progressively more,rsisyresult > Fixing 8 = 2, returns dust masses that are larger than those inferred
of the delimitation of the first-order long-low module filter wheng = 1.5, by a factor of~ 1.2 but still lower by a factor ot 1.8

4 Lqustquoted below is similar th,, but integrated from 0 teo than the masses derived by DLO7
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a more physically motivated two-temperature blackbodyefit r 100 7 ot
turns dust masses that are larger by a factoxr & compared r
with those derived based on a sindlg MBB (Dunne & Eales
2001), in agreement with those inferred by the DLO7 techmiqu
For the rest of our analysis we only considiéj,s estimates de-
rived based on the DLO7 model. FoE
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3.3. Comparison with Spitzer Lir measurements 1.0}
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In the preHerschel era the infrared properties of the SMUSES "3
sample were constrained basedpitzer IRAC, IRS, and MIPS

data. In particular, for the redshift range of the majorifythee :
sources, the 70m and 16Q:m MIPS bands traced the emission | -
of the galaxies on both sides of the peak of the SED, providing
firstinsight into the overall shape of their SEDs in the farand o1l
their Ligr values. However, only half of the sample is detected ’

at 16Qum. Furthermore, in the absence of the sub-mm data, the 0.0 02 04 06 08 10 1.2
shape of the Rayleigh-Jeans tail of the galaxies in the 5SM&JSE EWpuy 6o [um]

sample was largely unconstrained.

Here, we examined the impact of addiRigrschel data t0 g 5 Ratio of the total IR luminosityL(z) estimated using both

the derivedLr estimates of the sample. In Figl] 5 we COMeyarschel andSpitzer data LH+S) over the one using oniSoitzer
pare theLjgr measurements by Wu et al. (2010) based solely ong Sp bR g onisp

; : - AR see Wu et al. 2010) as a function of tB&/% . (See Section
Spitzer data (i.e., IRS and MIPS) with those derived in our study IR’ . d - .
The two estimates are in excellent agreement, with a mean r -3). The solid purple line corresponds to thetd-1 relation

i L between the twh g estimates.
(LHerschey| SPrZ¢y o 0.98 and a standard deviation of 0.22. This "
is In line with various studies that have shown that mid-IR ex

trapolations of the totdl,r are correct for star-forming galaxies iderabl : ;
) o y lowerS3p/S15 (and S70/S24) values. With the addi-
atz < 1.5 (e.g., Elbaz et al. 2010; Rodighiero e al. 2010). on of theHerschel data we are now in a position to advance

stress that only nine sources in our sample lig at1.5, while o I : P
. ' this investigation by studying variations of the warm toccdust
~ 90% of the SMUSES sample considered here ae al0.5. ission among the filerent classes, and to infer the impact of

The very good agreement between the two estimates aiso h@ﬁEAGN on the total infrared emission of the galaxies
when we consider the threeffidirent classes of sources individ- _ . . i
ually (starbursts, composite and AGN-dominated) although e first investigated thezq/Lir ratio of our sources, where
notice a somewhat larger discrepancy for the AGN-dominatk# '? the rlt:,?sé-frame 2'4”]3 I#m'm?s't.y asTT]gasured from the
sources, with [(Hersehe) | SP29) _ 0. 90+ 0,35, compared with rest-frame spectra of the galaxies. This ratio can sasve

. an indicator of the contribution of the warm emission to thialt
1.01+ 0.16 and 0.9% 0.16 for composite and starburst galaxl-R output of a galaxy, or equally to the relative amount ofmvar

ies, respectively. Finally, we note that the additiod—tnischel L,s) to total (L) dust mass. As shown in Fig 6 (left), AGN
submm data has a noticeable impact on the correspondmgSé d to exhibit an enhanced/Liz ratio compared with that

certainties of the measurégk, which are reduced by a factor ofOf star-forming galaxies. We notice, however, that withircie

about 3. group (AGN, composites and star-forming galaxies) we find no
correlation betweehos/Lig andEWs,. Instead, thd ,4/Lir re-

4. Mid- to far-IR properties of AGN and star-forming ™Mains roughly constant within each group, albeit with a con-

galaxies siderable scatter. In particular, we found a mean value and a

standard deviation ofL,4/Lir) = 0.14 + 0.04 for star-forming

The detailed mid-to-far-IR SEDs of our sample, as traceth bagalaxies, 0.1 0.08 for composites, and 0.320.09 for AGN-

by IRS spectroscopy artghitzer andHerschel broadband pho- dominated sources. Evidently, the relative amount of wanst d

tometry, allows for an in-depth investigation of the totdfared in AGN as traced by thi,4/Li ratio is higher than that found in

spectra for our sample. In this section we study possibletmr star-forming galaxies, revealing an additional mechantsrthe

tions between mid-IR spectral features, and warm and cadtl danergetic photons produced by young stars, which heatate d

components as well as variations of the PAH features betwesrd boosts the mid-IR emission. Because the relative anmdunt

star-forming and AGN-dominated galaxies. warm dust in AGN-dominated sources is boosted by a factor of

~3 (for this redshift range), it is natural to expect that asidn

erable fraction of the bolometric infrared luminosity woalrise

4.1. Warm and cold dust from AGN activity in these systems. Indeed, based on the SED

The wide range in the 6am EWs in our sample reveals a varidecomposition presenyed in the previous section, we folai t
ety of mechanisms that power the warm dust emission, rangfig§ 75% of the AGN withL4/Lir > 0.3, more than half of the
from purely star-forming galaxies to AGN-dominated sosrceemergingr is powered by the AGN (see Figl 6 left) .

The impact of an AGN on the broadband mid-IR photometry With the Herschel data in hand, we are also in a position
is known to be prominent, with AGN-dominated sources exe investigate whether the dominant powering mechanism, as
hibiting shallower mid-IR spectral slopes. For example, 8/u traced by the spectral features in the mid-IR, has an impact o
al. (2010) reported that while composite and SF sourcesshtre cold dust emission. In Figl 6 (middle), we plot the dediVe
very similar Szo/S15 (and S7o/S24) flux density ratios, AGN- measurements of the cold dustef; > 60um), as derived from
dominated sources are clearly separated from the rest with cthe MBB fit, versus the 6.2m EW of the sources in our sample.
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Fig. 6 Left: Lys / Lig ratio as a function of the 64n PAH feature EW. Purple squares correspond to sources fmhwhe
SED decomposition suggests that the AGN contribution tadked L g is > 50%. Leftward arrows denote upper limits EWs »

measurementddiddle: Ty versusEWs . T4 estimates are derived based on a modified blackbody model fat9 sources (out of
the total 154 sources shown in the left panel), which are detéed in at least three bands atl,es; > 60 um, . Right: T4 versus
fraction ofL|g arising from AGN activity, as derived based on SED decomjuosi
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Fig. 7 Left: Fraction of Myyst heated by radiation fields stronger than that of théude ISM (or equivalently by > Upin) as
a function of thel 54 / Lir ratio for star-formation-dominated sources Wi, > 0.5um (black circles) and 0.2m < EWg» <
0.5um (purple circles). The orange line depicts the best fit toddi@. Right: Dust mass heated By > Unin versusLﬁg'#. Both
quantities are normalised hyi. The purple lines donate the best fit to the data and a scétbe2dex.

It appears that the cold dust temperature remains roughily céGN-dominated sources. We stress though that this apmlies t
stant for the whole range of EWs, with only a small, statiljic AGN-dominated sources in our sample for which it was feasibl
insignificant, increase iy as we move into the AGN regime.to derive al'4 estimate, that is, those that are luminous enough in
Indeed, composite and star-forming galaxies share sirdilat the submm to be detected in the SPIRE bands. With this in mind,
temperatures witf T4 ) = (31 + 3) K, while AGN-dominated we conclude that while the cold dust emission as traced by the
sources are marginally, although consistent within theettath- SPIRE bands does not reveal the presence of an AGN, there is a
ties, warmer with{ Tq ) = (34 + 4) K. The same trend is seenmarked dfference in the mid- to far-IR colours of star-forming
when we plot the dust temperature versus the fractioh@f and AGN dominated sources, yielding larger amounts of warm
that arises from AGN activity within the galaxy (Fi@] 6 right dust in the latter. We note that similar results were readhed
Sources for which the SED decomposition suggests that méiekpatrick et al. (2012b) and Sajina et al. 2012, based om-sa
than half of the total | originates from AGN activity havé Ty ples ofz= 0.4 — 5 galaxies.

) = (34+ 3) K, while for the rest we found Ty ) = (31 3) As we have seen, the bolometric infrared output of galax-
K. Hence, our analysis suggests that the far-IR part of the,SEes with EWgs, > 0.2um in our sample is dominated by star
as traced by the SPIRE bands in our sample, is predominaggymation activity. Therefore, the derived parametersrfrihe
shaped by, and directly linked to star formation and does n9f 07 models provide meaningful constraints on the warm and
carry any measurable signature of AGN activity. Thisisire@g cold dust emission. In Figz] 7(left) we explore the contribat
ment with the findings of Hatziminaoglou et al. (2010), whgf 3 PDR component to the infrared output, or in other words
reported that SPIRE colours, which are a good proxy of cojfle fraction of dust heated by PDRg)( as a function of the
dustTy, are almost indistinguishable between star-forming aRghrm to total dust emission ratio as tracedlby/Liz. We recall
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that the “PDR” component in the DLO7 models describes tlmégher-redshift sources), the majority of AGN appear toialev
amount of dust exposed to starlight with intensities highan from the linear relation and exhibit an enhantgdor their L.
Umin, Which is the radiation field of the fluse ISM. Both for the In Fig. [8, we explore the variation of IR8 as a function of
composite and for the star-forming galaxies, we found aezorthe 6.2um equivalent width. We identified two trends: a mild
lation between the two quantities, with the fractionlgt that increase in the IR8 as we move from purely star-forming to-com
arises from PDRs increasing for galaxies with highgyLr ra- posite sources, and a dramatic drop when we enter the AGN
tios, or equally for a larger portion of warm dust. Compositegime EWs2 < 0.2um). IntheEWs, > 0.4um regime a Spear-
and star-forming galaxies follow the same trend and span tnen test yields a statistically significaqt € 2.8 x 107°) anti-
samelys/Lig range, pointing to a similar mechanism heatingorrelation p = —0.41) between IR8 an@&Ws,. To examine
their dust. whether this correlation is robust against the uncertsndisso-

In Fig.[7(right) we also investigate the variations of thiare Ciated with theEWe > and IR8 values, we created 1000 realisa-

tive contribution of the PAH features to the totak, as a func- tions by allowing the data to take values selected from Ganss
tion of the dust heated by radiation fields stronger tap, that (9iven the measured values and errors) and repeated tredecorr
is, ¥ X Maust Instead of looking at a particular PAH emissiofion ranl_<|ngtest. The mean and standard_ deviation oftheeﬂe_r
feature we chose to consider the total PAH emissigf) asin- correlations arg = —0.39+ 0.09, suggesting a weak but statis-
ferred by the sum of the fluxes of the 6.2, 7.7, and Lin3pec- tically significant anti-correlation between the two paeders.
tral features of our sources. We found for fided, a weak anti- Interestingly, this trend is not driven lyr because in this
correlation p = —0.38) with PAH emission that decreases wittiegime EWs> > 0.2um), we found that IR8 an&Ws > do not
increasing amount of dust heated by stronger radiationsfielgorrelate withLr. Since theEWs 2 is an indicator of the strength
While this trend could serve as evidence for PAH destrudtion Of the 6.2um line relative to the underlying continuum, we ex-
sources with a larger portion of their total dust mass exposemined whether this behaviour could be driven by variatmis
to stronger radiation fields, enhanced extinction or higtwer- the 6.2um PAH features or by variations of the mid-IR contin-
tinuum levels cannot be ruled out by this analysis. In thetnexum level. For a fixed.r, Lg would increase if the drop in
subsection we attempt to tackle this question. the EWs» had been caused due to an elevated continuum, and
hence IR8 would remain constant or even drop. Therefore, the
decrease ifEWs > for star-forming galaxies is more likely to be
4.2. Lir/Lg versus PAH emission in star-forming galaxies due to lower PAH emission relative lgg, rather than an ele-
vated &m continuum emission. On the other hand, the sharp
Recent studies based éterschel data have revealed a scalingjecrease of IR8 &Ws, < 0.2um, can be understood as an in-

law for star-forming galaxies, relating the total IR lumsity, crease in the mid-IR continuum that results in both higheand
Lir, to the broadband (as traced by the IRAGN filter) rest-  |ower EWs, for a givenLg.
frame 8um luminosity, Ls. In particular, Elbaz et al. (2011),  To explore this scenario we split the sources into two bins
showed that the Bm bolometric correction factofR8 = Lir/Ls, of EWs2, 0.4um < EWg, < 0.6um andEWs, > 0.7um. We
does not vary as a function &fr or redshift. Instead, IR8 ex- then constructed a median IRS spectrum for each bin by stack-
hibits a Gaus&an_dlstnbutlon containing the vast majooit ing the individual spectra normalised kg = 1 Lo. To ensure
star-forming galaxies both locally and up 2o~ 2.5, centred that the rest-frame gm emission was traced by the IRS spectra
on IR8~ 4.9 and with a scatter af ~ 2.5. However, since we placed a lower limit of = 0.07 on the redshift of the sources
Lg probes emission both from the Zifh complex and from the that enter the stack. For each spectrum we also define a local
underlying continuum, it has been unclear whether the @eser continuum or plateau below the PAH features by fitting the PAH
spread in the.r—Lg plane is mainly driven by PAH or mid-IR features with Drude profiles using PAHFIT as described intBmi
continuum variations. Furthermore, the determinatioh®fn et g. (2007). The resulting spectra in the rest-fraré Bum
these studies has primarily been based on K-correctedbaoad \yavelength range and the corresponding continuum levels ar
photometry obtained by using template SEDs. Here, given #gown in Fig.[® (left). The two spectra exhibit almost ideati
available IRS spectra, we can directly meadigeand in com- continua at 6.2m with a noticeable dierence in the emission
bination with the accuratier estimates fiered by theHerschel  of the PAH feature. This implies that for fixddg, a decrease
data, we can investigate the:—Lg relation among star-forming in the EW, of star-forming galaxies is primarily caused by a
galaxies as well as for sources ranging from purely stanfiog  decrease in the emission of the fird PAH feature and not by
to AGN-dominated. dilution from an elevated continuum emission in thelSum

To estimatelg for each source in our sample we convolvetegime. On the other hand, the mean IRS spectrum of AGN
its rest-frame IRS spectrum with the IRAGuB filter. To ac- dominated sourceEf\s > < 0.2um) normalised tdgr= 1 Lo
count for possible flux losses due to the narrow IRS short-lahibits a mid-IR continuum about 10 times higher than tfiat o
slit we applied a correction factor estimated from the thiea the star-forming galaxies, suggesting that the decreasg8n
the photometric (broad-band) over the synthetic (IRS) olexk is due to PAH destruction or smearing from the strong contin-
8um (for sources wittz < 0.75) and 24um (for z > 0.75) flux uum emission. We note that repeating the analysis usingraespl
density. The overall correction is found to be on avera@®%. function does not change our result.
The derived_g andLir measurements are shown in Hif). 8 (left). The mean spectra in variol®&Ns, bins also provide clues
For star-forming and composite galaxié8/s, > 0.2um), the about the apparent increase of IR8 with decreaBMé, among
two luminosities are found to correlate almost linearlpfd of star-forming galaxies. As shown in Fig. 9 (lefty probes both
~ 0.97) with a median equal to IR86.0 [-2.5,2.9]in the whole the 7.7um PAH complex and the continuum emission arising
range ofLir (i.e. 17-10'?L,). Interestingly, most of the AGN- from hot dust. Since the presented spectra are normalisie to
dominated sources withr < 10**° L, also lie within the 68% sameLr we can directly infer that at fixetlr, sources with
scatter of the relation, in agreement with previous stu(kes. higher EW; 2 have higherLg and hence, lower IR8. Indeed,
Elbaz et al. 2011; Mullaney et al. 2012a; Kirkpatrick et aimneasuring_g directly from the spectra yields an IR8 value for
2012b). However, at higher luminosities (that also coroesito the sources in the 0idn < EWs2 < 0.6um bin higher by a fac-
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Fig. 9Left: Average spectra in variol®\s 2 bins in the 4- 10um range. The dashed lines correspond to the underlyingraanti
emission as inferred by PAHFIT. The grey shadowed area tigpie 8.Qum IRAC filter. Right: Average (dashed lines), and average
continuum subtracted (solid lines) spectra of of all gaaxivithEWs, > 0.4um grouped in those with IR8 6 (orange lines), and
IR8 < 6 (black lines)

tor of ~1.4 than to those witlEWs2 > 0.7um. The variation stack ensures that the smallest galaxy scale traced by IR is
of the PAH features as a function of IR8 is more directly sedsc. Therefore, because we only probe a fraction of the disk f
when we split our sample of star-forming galaxies into tw8 IRthe low-z sample, we could indeed be missing extended PAH
bins, above and below IR86.0. The continuum-subtracted avemission (e.g. Pereira-Santaella et al. 2010; Diaz-Sasitak
erage IRS spectra of the two sub-samples are presented.in E@f0b). An indication for the maximum of the PAH emission
(right), clearly demonstrating a decrease of the PAHs -emibat we might be missing is given by the ratio of the broadeban
sion for sources in the high IR8 bin. Indeed, the emissiomfro(which traces the whole galaxy) to spectral flux ratio. As dis
the PAH features measured directly from the stacked spectraussed above, this is only at~d5% level and therefore, our
higher by a factor 0£1.5 in the low IR8 bin than that in the highresult would still hold because the observed PAH variatsoofi
IR8 bin. afactor of~1.5. We note though that this extreme scenario is un-

We also investigated whether this result could be an art&ely to be the case because we would also see a correlation b
fact because ierent galactic scales are probed by the IRS B¥een the 6.2m EW (or IR8) and redshift. The absence of this
different redshifts. The low-z cuffithat we introduced in the correlation (as indicated from our data), suggests thatissed
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flux cannot originate solely from PAHs. Furthermore, Elbaz dy of the wavelength of the two emitted lines. In F[g.] 10 (Jef
al. (2011) and Diaz-Santos (2011) have shown that sourdhs wie plot theL.Fr’gﬁ/ng) as a function of [Neu]/[Neu] for galaxies
higher IR8 exhibit more extended 1L/ PAH emission. Ac- in our sample withEWs, > 0.4um and for which the two lines
cordingly, one would expect that PAH emission is more likely have been detected. The anti-correlation between thegstref

be missed for sources with lower IR8 values, which would athe radiation field and the relative strength of the PAH seen i
ditionally strengthen our result. Finally, repeating thmalgsis previous studies of local galaxies appears to hold for oor-sa
without applying any correction tbg yields the same results,ple, too, suggesting that galaxies with harder radiatiolddie
albeit with an increase of the mean IR8 from 6.0 to 6.2. In suras traced by the [N&]/[Nen] line ratio, tend to exhibit weaker
mary, we have provided evidence that the spread in IR8 valu®sH emission than the underlying continuum. In this scemari
of star-forming galaxies mirrors variations in their PAH iem the PAH deficit could originate from PAH destruction from en-
sion. In the next section we discuss possible explanatmrthé ergetic photons produced by young and massive stars.

origin of this observation. We also measured the [Mg/[Nen] ratio from the stacked
spectra in the two IR8 bins (IR& 6.0 and 6.& IR8 < 9.0)

and found that galaxies with higher IR8 values have a mean
[Nem]/[Neu] (and LF3/L1s) ratio that is approximately a fac-
We have seen that the dispersion in the-Lg relation defined tor of ~2 higher than that of galaxies with IR86.0. We note,

by star-forming galaxies traces variations in the PAHs sinis however, that there is only a very weak trend between IR8 and
with respect toLjgr. Because thé r/Lg and Lir/Lpan do not [Nem]/[Nen] in individual detections. To explain this lack of a
appear to correlate withjz (see also Wu et al. 2010), otherclear correlation between IR8 and [g/[Nen] we recall that
physical parameters must drive this variation. [Nem]/[Neu] might mirror variations in the age of the starburst

A possible explanation could be a varying level of AGN ade.g. Thornley et al. 2000). It is possible that galaxieshwit
tivity. However, there are several arguments against tbés shigher [Nem]/[Nen] ratios have experienced a more recent (up
nario. First, for almost all sources wif\Ws» > 0.4um the SED to 2Myrs) starburst event with a larger fraction of young and
decomposition allocates the bulklgf to star-formation activity massive OB stars than older starbursts. Therefore, thelfnid-
and none of them meet the power-law AGN criterion of Donlgjne structures lines (those of neon in our case) predorinant
et al. (2012), known to be a reliable selection of AGN (Menddrace the youngest stellar populatiorsiéw Myr). On the other
etal. 2013). A prominent AGN activity would also bodstand hand, the total infrared luminosity (the one of the two param
therefore decrease IR8 for a givel. This becomes clear in theeters that shape IR8) traces emission by dust heated bgrstell
EWs» < 0.2um regime, where almost all sources are selectedp@pulation up to~ 100 Myr. As a consequence, changes in the
power-law AGNs and, as stated above, lie in the lower regirtiee ratios can occur on much shorter timescales than clsange
of the IR8 main sequence or fall below it. Finally, as shown ifR8, if the starburst has been occurring for more than 10 Myr.
Fig. [(right), we do not observe any correlation betwEs\, That could also fier an alternative explanation for the variation
and contribution of an AGN to the totélg. This means that of IR8 as a function 0EWs,; IR8 variations could result from
the observed increase of IR8 with decreasi\lys» cannot be a mechanism thatgectsLr, but not the PAH emission, such as
explained by an increasing AGN activity. a contribution of an old stellar population tgr. That would

An alternative scenario that could explain the variation suggest that galaxies with higher IR8 values are galaxiat th
the PAH strength among star-forming galaxies is a variation have experienced an older starburst event and their botmmet
the hardness of the interstellar radiation field))( As argued infrared outputlr, significant contributes by dust heated by old
by Abel et al. (2009), under the assumption of a constant ggigllar populations. However, as shown by Elbaz et al. (2011
density, an increase i and therefore of the number of ion-high IR8 values in the local Universe, but also at higlare pre-
ising photonsly > 13.6eV) produced by young, massive, OBlominantly found among galaxies that are experiencingantec
stars, would lead to an increase of the ratio of ionised tmato star-burst event with high specific star formation rateslfsas
hydrogen and consequently to a reduced gas opacityJ &s local ULIRGs and SMGs). In the above framework, a harder ra-
creases, the Hregions extend to highenAinto the cloud, and a diation field would also result in a larger number of UV phaton
larger portion of the UV photons are absorbed by the dusten tper dust particle, or equally in a higher dust-mass-weijhte
ionised region and are re-emitted in the form of IR emissidre  minosity, Lir/Maust Indeed, this quantity reflects the amount of
net dfect is that the fraction of UV photons available to ionisgvailable energy per dust mass unit, under the assumptain th
or excite the PAH molecules in the surrounding PAH-rich PDRBe majority of the UV photons are eventually absorbed by dus
or in the neutral ISM is reduced for highervalues, resulting in and are re-emitted in the IR. We note that in the DLO7 models th
lower PAH emission for a fixetlir (e.g. Peeters et al 2004). Indust-mass-weighted luminosity is proportional to the mreai
this scenario one would expect an anti-correlation betwiken ation field {(U)) and is a good proxy of the dust temperature of
strength of the PAHSs relative to the continuum emission &ed tthe ISM of the galaxy (Magdis et al. 2012b). As shown in Fig.
hardness of the radiation field. This has already been showfl8 (right), Lir/Maust correlates with [Neu]/[Nen], albeit with
be the case in various samples of local galaxies and stanifigr a considerable scatter, suggesting that the dust-maggvedi
regions in the local Universe (e.g. Peeters et al. 2002, Miadduminosity (or Ty) traces the hardness of the radiation field in
et al. 2006, Wu et al. 2006). star-forming galaxies.

To test this scenario we considered the ratio of fije Differential line extinction due to gas density variations can
A15.56um and the [Nen] 112.81um lines, which is a common also cause a decrease in the observedifM@Nen] ratio. For ex-
tracer of the hardness of the radiation field (e.g. Genzel. et ample, Farrah etal. (2007) argued for an increased derfggso
1998; Madden et al. 2006; Farrah et al. 2007). The diagnostidocal ULIRGs based on their lower [Né/[Nen] ratios (for
value of this ratio is based on 1) the largéelience in the ion- a given [Sv]/[Sm]) compared with those of systems with lower
isation potential of the N& (41 eV) and N&(21.6 eV), 2) the infrared luminosities. However, a sole increase in gasitens
fact that this ratio is independent of the neon abundances, @annot explain the observeg/Mgus—[Neni]/[Ne] correlation
3) does not sffier from diferential extinction due to the proxim-in our sample. Finally, metallicityféects could also play a role.

5. Discussion
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Fig. 11 Correlation betweehgr and rest-frame luminosities at observed 10, 18, 21-, ansli@5. The choice of the rest-frame
luminosity wavelengths corresponds to the central waghenof the JWST-MIRI filters. Each IRS spectrum was shiftethe
rest-frame and convolved with MIRI filters. The best-fit reggion line and the associated plot are shown in each padelran
summarised in Table 3.

Galaxies with lower IR8 or PAH emission could simply be morim the [Nem]/[Neu] (0.1<[Nem]/[Nen]<0.8) andLE/?; values,
metal-rich and therefore have more PAHS, resulting in highand does not extend to values similar to those of local metal
Lg for a givenLr. While [Nem]/[Neu] is not expected to be poor dwarfs suggests that metallicity is not the main drivier
directly dfected by metallicity variations, various studies havhe observed dispersion.

shown that the [Nei]/[Ne] ratios in low-metallicity galaxies i i , i

are very high%£3), often one to two orders of magnitude greatey While @ firm conclusion cannot be reached, it appears that
than in'more metal-rich starburst galaxies (e.g., Rigby &kei the PAH deficit with respect td,r in star-forming galaxies
2004, Madden et al. 2006, Wu et al. 2006). Metal poor gala®ith higher IR8 values is caused by PAH destruction due to
ies also tend to exhibit lower (by a factor of m;g#/LlS ratios harder radiation fields ;hat also result_ |n_h|g_her dust tewpe
than metal-rich starbursts (Madden et al. 2006). While ot ¢ tures. These characteristics could be indicative of a mone-c

clusive, the fact that our sample exhibits only a narrow ean§@ct star-formation geometry, which is in line with the rettye
roposed correlation between IR8, compactness of thegienje
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star-formation density, and excess in the specific stardtion (France); IFSI, Univ. Padua (Italy); IAC (Spain); Stockimol
rate (e.g., Diaz Santos et al. 2011; Elbaz et al. 2011). HewevObservatory (Sweden); Imperial College Lon- don, RAL, UCL-
a proper study of the spatial extent of the PAH emission aMiSSL, UKATC, Univ. Sussex (UK); and Caltech, JPL, NHSC,
of the star-forming regions in distant galaxies as tracedhiey Univ. Colorado (USA).
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Table 1. Herschel SPIRE Photometry of the SMUSES sample

Name Zspec S24 S50 Sss0 Ss00
[mJy] [mJy] [mJy] [mJy]

J021503.52-042421.6 0.137 &@23 19.424 - -
J021557.11-033729.0 0.032 &®4 123.324 58226 21.&x3.4
J021649.71-042554.8 0.143 10045 33.5%2.5 - -
J021743.82-051751.7 0.031 19 190.224 89.%2.6 44.%3.0
J021754.88-035826.4 0.226 1685 138.22.3 83.225 41.k3.1
J021849.76-052158.2 0.292 @3 61.424 20.%#25 -
J021859.74-040237.2 0.199 15@8 34.%2.4 19.:2.4 -
J021916.05-055726.9 0.103 1i@M6 45. 428 25.33.0 20.23.4
J021928.33-042239.8 0.042 1ZB9 43.%25 21.%24 -
J021939.08-051133.8 0.151 32B6 60.62.1 25.&2.2 -
J021953.04-051824.1 0.072 38B5 157.62.2 72.%2.2 27.&2.8
J021956.96-052440.4 0.081 &@G3 70.&2.5 38.:2.3 -
J022005.93-031545.7 1.560 &@3 37.%2.4 38.%4.7 -
J022145.09-053207.4 0.008 &@3 36.%2.1 22.:2.2 -
J022147.82-025730.7 0.068 2iD1 218.224 96.22.9 27.x44
J022147.87-044613.5 0.025 &A3 20.%2.5 -
J022151.54-032911.8 0.164 &@3 51.x25 27.62.8 -
J022205.03-050537.0 0.258 &@3 96.%2.4 47127 22.%4.7
J022223.26-044319.8 0.073 &03 40.%32.4 - -
J022224.06-050550.3 0.149 &O.3  33.%25 - 30.82.8
J022241.34-045652.0 0.139 &A3 30.62.4 -
J022257.96-041840.8 0.239 &(R3 48.%23 23.62.5 -
J022301.97-052335.8 0.708 &®3 141.824 73.%24 39.k3.1
J022315.58-040606.0 0.199 Q@5 76.32.1 38.425 24426
J022329.13-043209.5 0.144 #®4 50.x2.5 - -
J022334.65-035229.4 0.176 #®4  25.&2.3 -
J022345.04-054234.4 0.143 9045 58.42.3 22.&22 -
J022413.64-042227.8 0.116 2@5 55.%23 25.&2.6 -
J022422.48-040230.5 0.171 #®B4 31.42.4 - -
J022431.58-052818.8 2.068 @@LS5 45424 42.:2.3 28.k3.5
J022434.28-041531.2 0.259 &@R3 73.k24 21.&35 -
J022438.97-042706.3 0.252 &®3 31.42.4 27.&24 24.&3.0
J022446.99-040851.3 0.096 &@3 131.824 41539 -
J022457.64-041417.9 0.063 1i@6 166.62.3 91.%25 33.%6.1
J022507.43-041835.7 0.105 &®3 66.%x2.2 31.423 20.42.6
J022522.59-045452.2 0.144 145 115.%2.4 53.%3.7 -
J022536.44-050011.5 0.053 12(0r7 474.625 205.%k2.6 75.1k3.6
J022548.21-050051.5 0.150 &M4 59.12.3 - -
J022549.78-040024.6 0.044 58%K9 186.%x25 73.%2.7 30.:3.2
J022559.99-050145.3 0.205 &(0'3 68.42.6 30.32.3 -
J022602.92-045306.8 0.056 &@BL3  59.32.4 31.425 248&27
J022603.61-045903.8 0.055 3xM6 167.625 75 %24 30.Z23.1
J022617.43-050443.4 0.057 48274 79.%25 35%25 -
J022637.79-035841.6 0.070 1a%k7 28.42.5 18.44.0 -
J022655.87-040302.2 0.135 603 16.k2.4 - -
J022720.68-044537.1 0.055 7237 329.325 140.42.4 52.&3.5
J022738.53-044702.7 0.173 #04 25.62.4 - -
J022741.64-045650.5 0.055 1106 126.%x25 56.&¢2.6 31.&3.0
J103237.44580845.9 0.251 640.3 169.48.0 62.33.5 -
J103450.50584418.2 0.091 2041.0 99.&x6.4 44.295 -
J103513.72573444.6 1.537 54803 69.5%4.3 45336 33.254
J103527.26583711.9 0.885 64£0.3 52.&4.1 425341 21.%6.6
J103531.46581234.2 0.176 540.3 108.65.1 43.54.8 -
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Table 1 (cont'd)

Name Zspec So4 Sosp Sas Ss00
[mJy] [mJy] [mJy] [mJy]
J103542.76583313.1 0.087 6:#60.3 27.%4.4 - -
J103601.84581836.2 0.100 6:£0.3 53.3%3.9 21.34.5 -
J103646.42584330.6 0.140 6480.3 60.23.9 18.G:4.2 -
J103803.35572701.5 1.285 154.8 70.%4.3 37.84.3 -
J103813.96580047.3 0.205 6£0.3 30.8&4.4 17.6:4.4 -
J103856.16570333.9 0.178 5:i0.3 16.6:4.3 - -
J104016.32570846.0 0.118 5:£0.3 63.6:5.6 - -
J104058.79581703.3 0.072 10#4.5 16.84.1 - -
J104131.79592258.4 0.925 7460.4 41.:4.3 - -
J104132.49565953.0 0.346 8:0.4 21.6:4.0 - -
J104159.83585856.4 0.360 21#1.1 31.5%4.9 17.45.3 -
J104255.66575549.7 1.468 6#40.3 23.34.1 - -
J104432.94564041.6 0.067 28+1.4 286.55.1 114.444 31.86.9
J104438.24562210.7 0.025 80#4.0 590.67.4 231.&5.3 84.65.6
J104454.08574425.7 0.118 6H0.3 165.34.9 77.34.7 -
J104516.02592304.7 0.322 540.3 19.44.1 - -
J104643.26584715.1 0.140 5#40.3 102.445 42.15.6 -
J104705.0#590728.4 0.391 7460.4 16.14.3 - -
J104729.89572842.9 0.230 6:4£0.3 136.4.8 72.845 26.67.5
J104837.84582642.1 0.232 7#60.4 114.64.3 46.%4.8 -
J104843.96580341.2 0.162 740.4 36.86.5 - -
J104907.15565715.3 0.072 94#0.5 106.94.1 31.&4.4 -
J105005.9%¥561500.0 0.119 1448.7 106.923.7 44.3:3.8 27.%7.4
J105047.83590348.3 0.131 5:£0.3 75. 5.4 32.44.1 -
J105106.12591625.3 0.768 5#40.3 29.86.5 - -
J105128.05573502.4 0.073 10£0.5 54.6:4.4 24.4:4 .4 -
J105158.53590652.0 1.814 5#40.3 48.45.2 40.%48.4 -
J105200.29591933.7 0.115 11#4.6 31.35.1 - -
J105206.56580947.1 0.117 164#0.8 247.56.0 97.%5.8 -
J105336.8%#580350.7 0.460 5:0.3 33.34.7 - -
J105404.14574019.7 1.101 8H0.4 15.54.2 - -
J105421.65582344.6 0.205 1640.8 114.44.1 39.23.8 -
J105604.84574229.9 1.211 11£0.6 36.66.9 28.5:8.7 -
J105636.95573449.3 0.047 6#40.3 109.945 35.&5.6 -
J105641.84580046.0 0.130 7H0.4 104.94.2 34.%4.0 -
J105705.43580437.4 0.140 164.8 129.%4.6 47.44.7 -
J105733.53565737.4 0.086 5:#60.3 26.15.3 - -
J105740.55570616.4 0.073 640.3 34.%3.9 - -
J105903.4%572155.1 0.119 138.7 60.9%4.5 - -
J105951.74581802.9 2.335 5:40.3 29.%4.6 41.84.8 27.:8.8
J105959.95574848.1 0.453 940.5 37.8&5.2 - -
J110002.06573142.1 0.387 8:40.4 64.0:4.3 - -
J110124.9%574315.8 0.243 640.3 47.14.1 25.2:4.7 -
J110133.86575206.6 0.277 6#40.3 136.35.2 58.245 30.66.5
J110223.58574436.2 0.226 10£0.5 27.&:5.1 17.45.5 -
J110235.02574655.7 0.226 6:£0.3 44.2:4.3 - -
J160408.18542531.2 0.260 5:0.3 62.41.5 33.k1.6 -
J160655.35534016.9 0.214 14#8).7 30.k1.6 23.k1.5 -
J160803.74545301.9 0.053 540.3 180.215 76.21.6 25.82.6
J160832.59552926.9 0.065 5£0.3 102.91.8 50.61.6 -
J160858.38553010.2 0.066 8#80.4 101.41.3 37.21.2 -
J160907.56552428.4 0.065 74#0.4 128.k15 57.%15 19.%2.0
J160908.28552241.4 0.084 6:#60.3 110.215 42.5%1.7 -
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Table 1 (cont'd)

Name Zspec Sa4 S50 S3s0 Ss00
[mJy] [mJy] [mJy] [mJy]

J160926.69551642.3 0.068 6480.3 81. 215 358&1.9 -
J160931.55541827.3 0.082 5#0.3 105.%15 35.@&1.5 -
J160937.48541259.2 0.086 540.3 129415 58.21.5 22.%2.0
J161103.73544322.0 0.063 6£0.3 71.415 29.433 -
J161123.44545158.2 0.078 54£0.3 56.21.6 21.415 -
J161223.39540339.2 0.138 134£0.6 70.5%1.6 28.%k1.9 -
J161233.43545630.4 0.083 84804 185315 87.x1.8 38.%3.5
J161241.05543956.8 0.035 54#0.3 22.&x1.5 - -
J161250.85532304.9 0.048 1740.9 114.61.6 46.%1.2 18.&1.9
J161254.17¥545525.4 0.065 8404 257.@¢1.6 123.61.5 49.41.8
J161357.04534105.3 0.180 6£0.3 45.%1.6 32.%1.8 22.%2.1
J161411.52540554.3 0.305 5£80.3 47216 28.%18 19.Z219
J161521.78543148.3 0.474 540.3 21.21.5 -
J161551.45541535.9 0.215 64£0.3 98.&#15 42.&x1.5 -
J161645.92542554.4 0.223 124.6 31.41.6 -
J161759.22541501.3 0.135 224#1.1 35.8&2.4 16.53.1 -
J161819.33541859.0 0.083 28481.4 378.%1.7 153.51.9 51.43.1
J171033.24584456.8 0.281 640.3 43.42.8 - -
J171232.34592125.9 0.210 84M0.4 138.93.0 85.33.2 36.%4.2
J171233.38583610.5 1.663 5403 20.%#2.5 - -
J171233.7#594026.4 0.217 540.3 36.43.4 - -
J171316.50583234.9 0.079 640.3 139.53.1 60.£3.0 21.%3.6
J171414.84585221.5 0.167 9405 38.%2.5 - -
J171419.98602724.6 2990 54603 17.%2.5 -
J171446.4¥593400.1 0.129 74804 96.%2.8 34.33.1 -
J171447.33583805.9 0.257 5#40.3 61.%32.7 27.%2.3 -
J171513.88594638.1 0.248 540.3 60.62.6 25128 -
J171550.50593548.8 0.066 940.5 123.42.8 63.22.7 25.%3.6
J171614.48595423.8 0.153 8#£0.4 107.32.9 45628 -
J171630.23601422.7 0.107 8£0.4 41.42.5 - -
J171650.58595751.4 0.182 648.3 17.&3.2 -
J171711.13602710.0 0.110 94805 58.&#24 20.:2.6 -
J171747.53593258.1 0.248 5480.3 22.324 -
J171852.74591432.0 0.322 1440.7 51.42.6 24.42.8 -
J171933.3#592742.8 0.139 74£.4 128.32.8 45427 -
J171944.92595707.7 0.069 144.7 135.33.2 50.43.1 -
J172043.28584026.6 0.125 94#0.5 144.82.8 50.&2.6 -
J172044.86582924.0 1.697 5480.3 24.1k2.7 -
J172159.43595034.3 0.028 94#0.5 146.82.7 62.22.9 -
J172219.58594506.9 0.272 748.4 25232 19.&3.3 -
J172228.04601526.0 0.742 7£0.4 40.x3.0 18.33.8 -
J172238.73585107.0 1.624 640.3 54.%25 42.&29 29.:34
J172313.06590533.1 0.108 64£0.3 61.%2.4 24.428 -
J172355.58601301.7 0.175 5#40.3 89.42.6 36.&2.7 19.%3.4
J172355.9#594047.6 0.030 5£0.3 27.224 - -
J172402.12600601.4 0.156 8£0.4 70.&5.0 - -
J172546.80593655.3 0.035 26£1.3 461.4.5 201.42.9 83.&3.9
J172551.35601138.9 0.029 2741.4 266.43.4 115.83.0 44.6:29
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Table 2. Physical Properties of the 5SMUSES sample as debiaeed on the DLO7 and MBB models

Name Zspec logLir logMgust® ¥ Umin  Tg? AGNC

[Lo] [Mo] - - [K] frac.
J021503.52-042421.6 0.137 10:8604 8.0%x0.07 1.0 5 - 0.06
J021557.11-033729.0 0.032 948802 7.1&0.09 15 3 261 0.00
J021638.21-042250.8 0.143 109001 - - - - 0.58
J021640.72-044405.1 0.031 1010101 7.220.07 0.7 5 281 0.08
J021649.71-042554.8 0.226 114#4%01 8.760.03 3.0 5 312 0.36

J021657.77-032459.7 0.292 1146403 8.3%0.02 0.7 12 381 0.16

J021729.06-041937.8 0.199 1141801 - - - 0.12
J021743.01-043625.1 0.103 106601 - - - 31 0.74
J021743.82-051751.7 0.042 949801 6.56:0.06 100 10 3&7 0.29
J021754.88-035826.4 0.151 11+3601 - - - 361  0.58
J021808.22-045845.3 0.072 10:8604 7.75%0.03 3.0 8 321 0.12
J021830.57-045622.9 0.081 10#4601 7.650.04 0.7 5 231 0.08
J021849.76-052158.2 1.560 13#Wr01 - - - - 0.52
J021859.74-040237.2 0.008 84AB01 5.430.02 35 3 2#1 0.38
J021909.60-052512.9 0.068 10:9604 8.020.03 1.5 5 231 0.10
J021912.71-050541.8 0.025 9ABO02 6.520.07 2.5 3 - 0.30
J021916.05-055726.9 0.164 11+002 7.9%0.08 5.0 8 331 0.00
J021928.33-042239.8 0.258 11+#4x03 8.5@0.09 0.1 10 322 0.18
J021938.70-032508.2 0.073 10602 7.330.07 3.5 5 3@¢1 0.00
J021939.08-051133.8 0.149 1049801 7.55%0.04 3.0 12 381 0.16
J021953.04-051824.1 0.139 104101 7.830.10 8.0 2 - 0.55
J021956.96-052440.4 0.239 11602 8.320.04 4.0 5 331 0.40
J022000.22-043947.6 0.708 126701 - - - 431 0.40
J022005.93-031545.7 0.199 11sM02 8.330.07 4.5 5 321 0.01
J022012.21-034111.8 0.144 114001 7.840.03 4.5 7 331 0.04
J022145.09-053207.4 0.176 11401 7.430.07 5.5 15 - 0.02
J022147.82-025730.7 0.143 114803 7.8&0.07 1.0 10 - 0.19
J022147.87-044613.5 0.116 10:9002 7.740.06 3.5 8 3 1 0.14
J022151.54-032911.8 0.171 114001 7.580.04 6.5 12 - 0.23
J022205.03-050537.0 2.068 133601 - - - 32 054
J022223.26-044319.8 0.259 114%02 8.2%0.07 3.0 10 347 0.18
J022224.06-050550.3 0.252 110102 - - - 321 0.19
J022241.34-045652.0 0.096 10+8002 8.1&¢0.05 0.0 5 231 0.00
J022257.96-041840.8 0.063 10+804 7.8@¢0.03 2.0 5 231 0.06
J022301.97-052335.8 0.105 104002 7.940.06 6.0 2 281 0.09
J022309.31-052316.1 0.144 11£0001 8.220.07 2.5 7 31 0.00
J022315.58-040606.0 0.053 114205 8.0&¢0.05 0.4 8 31 0.08
J022329.13-043209.5 0.150 11#H01 7.720.07 0.5 15 361 0.12
J022334.65-035229.4 0.044 10«201 7.320.02 6.5 8 321 0.23
J022345.04-054234.4 0.205 11803 8.240.06 2.0 7 326 0.17
J022356.49-025431.1 0.056 10+B02 7.25%0.10 2.0 5 231  0.09
J022413.64-042227.8 0.055 104803 7.68&0.05 2.5 5 236 0.10
J022422.48-040230.5 0.057 10£201 - - - 3&1 0.68
J022431.58-052818.8 0.070 10#4P03 7.260.07 4.0 8 - 0.11
J022434.28-041531.2 0.135 1045601 - - - - 0.26
J022438.97-042706.3 0.055 114201 7.860.03 4.0 8 321 0.16
J022446.99-040851.3 0.173 11401 7.5%0.03 2.0 20 - 0.21
J022457.64-041417.9 0.055 104102 7.720.07 0.7 4 2#1 0.10
J022507.43-041835.7 0.251 11+0D01 8.820.09 0.7 7 31 0.00
J022508.33-053917.7 0.091 10:8b01 7.860.07 5.5 5 331 0.14
J022522.59-045452.2 1.537 134801 - - - 462  0.74
J022536.44-050011.5 0.885 12:8¥01 - - 35%1 042

J022548.21-050051.5 0.176 11#0/01 8.240.05 1.5 7 331 0.01
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Table 2 (cont'd)

Name Zspec logLr logMgust® Y Unin Tq® AGNC
[Lo] [Mo] - - K] frac.
J022549.78-040024.6 0.087 10#4B01 7.120.08 2.5 12 - 0.00
J022559.99-050145.3 0.100 10:M02 7.860.07 2.5 3 282 0.13
J022602.92-045306.8 0.140 10:4401 7.880.05 3.0 7 321 0.00
J022603.61-045903.8 1.285 13£001 - - - 541 0.78
J022617.43-050443.4 0.205 11#4A201 7.830.03 8.0 8 - 0.36
J022637.79-035841.6 0.178 10£02 6.563.71 90.0 10 - 0.24
J022655.87-040302.2 0.118 108001 7.730.04 2.0 8 - 0.08
J022720.68-044537.1 0.072 94101 - - - - 0.56
J022738.53-044702.7 0.925 12+3201 - - - - 0.66
J022741.64-045650.5 0.346 11H£H01 7.940.03 10.0 20 - 0.13
J103237.44580845.9 0.360 11.910.01 - - - - 0.52
J103450.56584418.2 1.468 12.810.01 - - - - 0.64
J103513.72573444.6 0.067 10.949.02 8.040.06 2.0 5 3a7 0.00
J103527.26583711.9 0.025 10.40.04 7.460.04 1.0 7 386 0.11
J103531.46581234.2 0.118 11.6.07 8.3%0.10 0.9 3 261 0.14
J103542.76583313.1 0.322 11.49.01 - - - - 0.42
J103601.84581836.2 0.140 10.9@0.02 8.340.07 3.0 2 2#1 0.15
J103606.45%581829.7 0.391 11.580.01 - - - - 0.95
J103646.42584330.6 0.230 11.54€.02 8.750.06 0.4 5 291 0.11
J103701.99574414.8 0.232 11.66.02 8.660.08 1.5 7 - 0.10
J103724.74580512.9 0.162 11.60.01 7.6&80.05 5.0 10 - 0.00
J103803.35572701.5 0.072 10.e0.01 7.660.07 0.9 8 - 0.07
J103813.96580047.3 0.119 11.#0.03 7.740.06 5.0 10 341 0.09
J103818.19583556.5 0.131 10.8®.04 8.120.05 0.9 4 291 0.00
J103856.16570333.9 0.768 12.23.01 - - - - 0.39
J104016.32570846.0 0.073 10.4®m.01 7.060.06 4.5 10 341 0.00
J104058.79581703.3 1.814 13.1.01 - - - - 0.51
J104131.79592258.4 0.115 10.%0.01 7.280.08 6.5 12 361 0.13
J104132.49565953.0 0.117 11.310.01 8.490.06 0.7 5 291 0.12
J104159.83585856.4 0.460 11.90.01 8.990.21 20.0 2 - 0.08
J104255.66575549.7 1.101 12.5@.02 - - - - 0.83
J104303.56585718.1 0.205 11.480.01 - - - 321 0.37
J104432.94564041.6 1.211 12.99.02 - - - 491 0.78
J104438.23562210.7 0.047 10.20.01 7.250.09 04 7 3%1 0.00
J104454.08574425.7 0.130 11.6.02 7.980.09 2.0 7 386 0.00
J104501.73571111.3 0.140 11.19.02 - - - 3Q:1 0.58
J104516.02592304.7 0.086 10.30.01 6.830.07 2.5 15 - 0.08
J104643.26584715.1 0.073 10.260.01 7.3%x0.07 4.0 5 - 0.00
J104705.0#590728.4 0.119 10.80.02 7.540.09 10.0 8 321 0.31
J104729.89572842.9 2.335 13.4@.02 - - - 361 0.62
J104837.84582642.1 0.453 11.%4D.01 - - - - 0.38
J104839.73555356.4 0.387 12.6:0.01 8.260.02 8.0 20 0.07

J104843.96580341.2 0.243 11.26.01 8.220.06 6.5 5 331 0.68

J104907.15565715.3 0.277 11.80.01 8.7%0.04 1.5 8 332 0.00
J104918.383562512.9 0.226 11.28.01 - - - 2%1 0.36
J105005.9¥561500.0 0.226 11.46.01 7.830.02 3.5 20 - 0.08
J105047.83590348.3 0.260 11.50.02 8.2920.04 1.5 10 342 0.07
J105058.76560550.0 0.214 11.26).02 - - - 341 0.20
J105106.12591625.3 0.053 10.3®.04 7.7&0.05 0.0 3 261 0.00
J105128.0%5573502.4 0.065 10.20.02 7.5&0.03 3.0 3 283 0.01
J105158.58590652.0 0.066 10.39.01 7.520.02 25 4 231  0.00
J105200.29591933.7 0.065 10.3%.03 7.760.03 0.2 5 232  0.00
J105206.56580947.1 0.084 10.60.01 7.8@&0.03 1.0 5 281 0.00
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Table 2 (cont'd)

Name Zspec logLr logMgust® Y Unin Tq® AGNC
L] M - - K fac

J105336.8%580350.7 0.068 10.3®M.02 7.530.04 15 4 291 0.00
J105404.114574019.7 0.082 10.60.04 7.8%0.05 0.2 5 - 0.00
J105421.65%582344.6 0.086 10.68.03 7.960.04 0.6 4 281 0.00
J105604.84574229.9 0.063 10.2®0.02 7.560.03 15 3 - 0.16
J105636.95573449.3 0.078 10.4®m.02 7.3&0.05 1.0 8 3%1 0.00
J105641.84580046.0 0.138 11.6%.01 7.7&0.03 10.0 7 343 0.24
J105705.43580437.4 0.083 10.20.03 8.220.02 2.0 2 261 0.00
J105733.53565737.4 0.035 9.540.01 6.440.04 2.5 8 3%1 0.00
J105740.55570616.4 0.048 10.4®m.02 7.26:0.02 0.9 10 321 0.00
J105829.28580439.2 0.065 10.59.03 8.140.06 0.6 2 - 0.00
J105854.08574130.0 0.180 10.86.01 - - - 2k1 0.17
J105903.4%572155.1 0.305 11.2D.03 8.3@0.06 4.0 12 361 0.22
J105951.74581802.9 0.474 11.59.01 - - - 0.43

J105959.95574848.1 0.215 11.49.01 8.3&0.03 3.0 8 - 0.00

J110002.06573142.1 0.223 11.28.01 - - - - 0.51
J110124.9¥574315.8 0.135 11.19.01 - - - 3&2 0.67
J110133.86575206.6 0.083 11.4.04 8.3%0.03 0.9 5 231  0.00
J110223.58574436.2 0.281 11.420.01 8.220.02 6.5 8 - 0.21
J110235.02574655.7 0.210 11.60.01 8.5%0.03 1.5 8 322 0.00
J160408.18542531.2 1.663 12.88.01 - - - - 0.76
J160630.58542007.4 0.217 11.26.01 7.6&0.05 2.5 20 - 0.23
J160655.3%5534016.9 0.079 10.5®9.01 7.980.00 1.0 3 2#1  0.00
J160803.74545301.9 0.167 11.x0.01 7.560.00 4.0 20 - 0.25
J160832.58552926.9 2.990 13.10.02 - - - - 0.00
J160839.78552330.6 0.129 11.#0.01 8.0%0.07 2.0 8 321 0.00
J160858.38553010.2 0.257 11.50.01 8.180.01 3.0 12 - 0.34
J160907.56552428.4 0.248 11.28.01 8.4%0.07 3.5 4 339 0.04
J160908.28552241.4 0.066 10.28.02 - - - 241  0.83
J160926.69551642.3 0.153 11.29.02 8.2%0.07 1.5 7 331 0.00
J160931.55541827.3 0.107 10.60.05 7.4%0.09 5.0 8 - 0.22
J160937.48541259.2 0.182 10.8D.01 8.040.09 60.0 0 - 0.20
J161103.783544322.0 0.110 10.80.01 7.740.07 3.5 7 331 0.00
J161123.44545158.2 0.248 10.80.01 - - - - 0.56
J161223.39540339.2 0.322 11.9@.01 - - - 0.58

J161233.43545630.4 0.139 11.20.02 8.030.09 04 10 321 0.22
J161241.0%5543956.8 0.069 10.&D.01 7.520.10 1.0 10 - 0.00
J161250.8%532304.9 0.125 11.#0.02 8.130.11 1.0 7 3@1 0.00
J161254.1¥545525.4 1.697 12.90.01 - - - - 0.56
J161357.04534105.3 0.028 9.40.01 7.040.07 04 4 2#1  0.00
J161411.52540554.3 0.272 11.20.01 - - - - 0.30
J161521.78543148.3 0.742 12.30.01 - - - - 0.55
J161551.45541535.9 1.624 13.68.01 - - - - 0.43
J161645.92542554.4 0.108 10.40.02 7.520.19 15 10 321 0.20
J161759.22541501.3 0.175 11.¥D.01 8.280.05 2.0 5 3@¢1 0.11
J161819.33541859.0 0.030 9.33.01 6.240.03 4.0 7 - 0.29
J171033.23584456.8 0.156 11.#D.01 7.940.01 3.5 8
J171124.22593121.4 0.035 10.4:0.02 7.720.08 0.0 4
J171232.34592125.9 0.029 10.28.01 7.220.04 0.7 8

Notes:
a: Derived based on the DLO7 model.
b: Derived based on MBB.
c: The uncertainties of the fractions as derived by the SEt»position using DECOMPIR, arel0%.

- 0.00
2#1  0.05
3@1 0.05
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Table 3. Scaling relations betwekp and various MIRI broad-band luminosities=+8 x X, where y= logLg and x the
corresponding MIRI luminosities.

y/X log(L1o/Lo) log(L1s/Lo) log(L21/Lo) log(L2ss/Lo)

log(Lr/Ls) (SF)  a=1.33:0.32,8=0.98:0.03 1.520.22,0.950.02 1.980.27,0.920.03 1.620.28,0.9%:0.03
log(Lir/Lo) (AGN) @ =2.34:0.72,8 = 0.84:0.06 1.550.65,0.96:0.06 1.46:0.64,0.91:0.06 1.39:0.69, 0.9%0.06
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