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ABSTRACT

Weinvestigatetherelationsamongthestellar continuum-subtracte8ipum polycyclic aromatic
hydrocarbon(PAH 8 um) emission24 pum hot dustemissionand160pm cold dustemission
in 15 nearbyface-onspiral galaxiesin the SpitzerinfraredNearbyGalaxiesSurney sample.
The relation betweenPAH 8 and 24 pm emissionmeasuredn 2 kpc regionsis found
to exhibit a signi cant amountof scattey and strong spatialvariationsare obsered in the
(PAH 8 um)/24 um surfacebrightnessratio. In particular the (PAH 8 um)/24 um surface
brightnessratio is obsered to be high in the diffuseinterstellarmediumandlow in bright

starforming regions and other locationswith high 24 um surface brightness.PAH 8 um

emissionis foundto be well-correlatedwith 160 um emissionon spatialscalesof 2 kpc,

andthe (PAH 8 pm)/160um surfacebrightnesgatio is generallyobsenred to increasess the
160um surfacebrightnessncreasesTheseresultssuggesthatthe PAHs areassociatedvith

the diffuse,cold dustthat produceamostof the 160 pm emissionin thesegalaxies,andthe
variationsin the (PAH 8 um)/160um ratio may generallybeindicative of eithertheintensity
or the spectrumof theinterstellaradiation eld thatis heatingboththe PAHs andthediffuse
interstellardust.

Key words: galaxies:ISM —infrared:galaxies.

24 um wasnot necessarilya one-to-onecorrelationwithin individ-

1 INTRODUCTION ual galaxies.Helou et al. (2004),Bendoet al. (2006) and Gordon

Obsenationsof nearbyspiral galaxieswith the Infrared SpaceOb-
servatory(ISO) demonstratethatpolycyclic aromatichydrocarbon
(PAH) spectrafeatureemissionat 8 pmiscloselyassociatedvith
hotdustemissionat 15 um, andthe 8 pm emission was also shown
tobecorrelatedvith otherstarformation(SF)tracergRousseét al.
2001;ForsterSchreibeet a. 2004).However, obsenationswith the
SpitzerSpaceTelescopéWerneret a. 2004)havedemonstratethat
the correlationof PAH emissionat 8 pm to hot dustemissionat

E-mail: g:bendo@imperial.ac.uk
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et al. (2008) demonstratedhat, on scalesof hundredsof parsec,
continuum-subtracteA H emissionat8 um (henceforttreferredo
asPAH 8 pmemission)doesotaccuratelyrace24pumemission.n
particular PAH 8 um emissionseemso appeain shell-likefeatures
aroundstarforming regions, while 24 pm emissionpeakswithin
starforming regions. Using imagesof M51, Calzettiet al. (2005)
demonstratethatPAH 8 um emissioncomparedo othertracersof
SEincluding24 pm emission js disproportionatelyow within star
formingregionsanddisproportionatehhighin diffuseregions.The
resultsfrom Calzettietal. (2007)shav thatthe (PAH 8 um)/24um
emissionratio measuredn H regionsis partly dependenbn the
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Table 1. Basicpropertiesof the samplegalaxies.

Name Hubble Size of optical Inclination Position Distance Distance Nuclear 12+ log (O/H)9
type? disc(arcminf angle anglé (Mpc)d referencé typd
NGC 628 SA(s)c 10.5x 9.5 26 25 7.3+ 1.4 1 SF 8.33+ 0.02
NGC 925 SAB(s)d 10.5x 5.9 58 102 9.12+ 0.17 2 SF 8.24+ 0.01
NGC 2403 SAB(s)cd 21.9x 12.3 58 127 3.13+ 0.14 2 SF 8.31+ 0.01
NGC 3031 SA(s)ab 26.9x 14.1 60 157 3.55+ 0.15 2 AGN 8.40+ 0.01
NGC 3184 SAB(rs)cd 7.4% 6.9 22 135 11.1+ 1.9 3 SF 8.48+ 0.02
NGC 3351 SB(rb 7.4% 5.0 49 13 9.3+ 0.4 2 SF 8.61+ 0.01
NGC 3938 SA(s)c 54x 4.9 25 42 13.4+ 2.3 4 SF 8.44+ 0.18
NGC 4254 SA(s)c 5.4x%x 4.7 30 68 16.5+ 0.6 5 SF 8.46+ 0.02
NGC 4321 SAB(s)bc 7.4% 6.3 32 30 14.3+ 0.5 2 AGN 8.50+ 0.04
NGC 4579 SAB(rs)b 5.9x%x 4.7 38 95 16.5+ 0.6 5 AGN 8.55+ 0.18
NGC 4725 SAB(r)abpec 10.7x 7.6 46 35 11.9+ 0.3 2 AGN 8.40+ 0.05
NGC 5055 SA(rs)bc 12.6x 7.2 57 105 7.8+ 2.3 4 AGN 8.42+ 0.04
NGC5194 SA(s)bcpec 11.2x 6.9 20 170 8.4+ 0.6 6 AGN 8.54+ 0.01
NGC 6946 SAB(rs)cd 11.5x 9.8 32 80 6.8+ 1.7 7 SF 8.40+ 0.04
NGC 7793 SA(s)d 9.3x 6.3 49 98 3.9+ 04 8 SF 8.27+ 0.03

8Thesedataaretakenfrom de Vaucouleurtal. (1991).Theopticaldiscis the size of the D5 isophote.

bThe inclinationsare calculatedusing the dimensionsof the galaxiesand equation(6). An exceptionis madefor NGC 5194, wherethe inclination from
Garca-Gomezetal. (2002)was used.

®Thepositionanglesaremeasuredh degreesfrom norththrougheast.Thesedataaretakenfrom de Vaucouleur®tal. (1991)whengiven. Thepositionangle
for NGC 5194was takenfrom Garca-Gomezetal. (2002).Position anglesmarked with anasteriskare measuredn the 3.6 pm datausingthe IDL  t_ellipse
programby D. Fanning (accessiblérom http://www.dfanning.com/documents/programs.htnilhesepositionangleshave uncertaintieof 5 .
dThesedistancesarepart of a compilationof distancefor the completeSINGSsamplewill be presentedn J. Moustakastal. (in preparation).
eDistancereferences- (1) SharinaKarachentse& Tikhonov (1996);(2) Freedmaret al. (2001);(3) Leonardetal. (2002);(4) Masters(2005);(5) Mei et al.
(2007);(6) FeldmeierCiardullo & Jacoby(1997);(7) Karachentse Sharina& Hutchmeie2000)and(8) Karachentseetal. (2003).

fThe nucleustypesare basedon the analysisof the optical spectrophotometripropertiesby J. Moustakaset al. (in preparation) The spectraltype indicates
whetherthe centreof eachobjectis dominatedoy SFor anactive galacticnucleusAGN) [seeJ. Moustakastal. (in preparationfor moredetails].
9Theseare the characteristimehular oxygenabundancegpresentedy J. Moustakaset al. (in preparation)using the Pilyugin & Thuan(2005) strong-lne
calibration.They arerepresentatie of the mean,luminosity-weightedxygenabundanceof eachgalaxy Note thatthe uncertaintieonly includestatistical
measuremergrrors,and do notincludeary systematicuncertaintiesn the adoptedalundancescale(seeJ. Moustakasetal., in preparatiorfor moredetails).
Although J. Moustakaset al. alsopresentabundancedasedon the Kobulnicky & Kewley (2004)strong-linecalibration,we adoptthe abundancedasedon
thePilyugin & Thuan(2005)calibrationbecausehey arecomparablgo theabundancesisedby Engelbrachgt al. (2008).

apertureusedfor measuringthe ux densitieswhich also suggest Bendoet al. (2006) demonstratedhat PAH 8 um emission was
thatasigni cant fractionof PAH 8 umemissionoriginatefromout- correlatedwith 160 pm cold dust emissionin NGC 4631, but
sidetheH 1 regions.Thilkeretal. (2007)alsodemonstratethatthe the ratio of (PAH 8 pm)/160 pm emissionvaried. Although the
(PAH 8 pum)/24 um ratio of Hu regionsin NGC 7331 maydepend (PAH 8 um)/160 um ratio appearedelatedto the infrared sur-
oninfrared,H or ultraviolet surface brightnessafter corrections face brightnessin NGC 4631, Bendo et al. (2006) used bright

for dustextinctionhave beenapplied whichimpliedthatPAH 8 um infrared sourcesin the outer disc to argue that the variationsin
emission is suppressedwithin strong starforming regions. the (PAH 8 um)/160 um ratio are insteaddependenbn radius.
Engelbrachet al. (2005),Dale et a. (2005),Draineet al. (2007) Given that the ratio of PAH emissionto dustemissionat longer
and Engelbrachtet al. (2008) have demonstratedhat the global wavelengthsor theratio of PAHS to total dustmassmay vary with
8 um/24 um emissionratio may decreasen regions with lower metallicity (Daleet al. 2005;Engelbrachet a. 2005;Draineetal.
metallicity, and Calzettiet al. (2007) also demonstratedhat this 2007;Smithetal. 2007;Engelbrachgt a. 2008)andthatmetallic-
ratio for H1 regionsin othergalaxiesdependson metallicity. Al- ity is generallyexpectedto vary with radiuswithin spiral galaxies
thoughthesestudies,basedon Spitzerdata,have shown explicitly (e.g.Searlel971;Webster& Smith1983;Vila-Costast Edmunds
or implicitly that the relation between8 pm PAH emissionand 1992; Zaritsky, Kennicutt& Huchra1994;van Zee et al. 1998;
24 um emissionon 1 kpc scaless not a one-to-oneelation,no Pilyugin, V'Ichez& Contini2004;J. Moustakast al., in prepara-
study hasyet explored variation in the (PAH 8 um)/24 um ratio tion), the resultsfrom NGC 4631 suggestedhat the variationsin
betweendiffuse and star-forming regionswithin a broadrangeof (PAH 8 um)/160um ratio within that galaxy could be relatedto
spiralgalaxies. metallicity. Unfortunately NGC 4631is viewed edge-onsolocal
While mostresearchasfocusedon comparisondetweenPAH variationsin the obsened (PAH 8 um)/160 um ratio that are not
emissiorandhot dustemission,someadditionalstudieshave com- dependentnradiusmaybesuppressetly theline-of-sightintegra-
paredPAH emissionto cold dustemissionat wavelengthslonger tionsthroughthedisc. Variationsin the (PAH 8 pm)/160pum ratio
than100 um. Using ISO data,Mattila, Lehtinen& Lemke (1999) andits dependencen both infraredsurface brightnessandradius
andHaas,Klaas& Bianchi (2002) demonstratedhat PAH emis- needto be studiedfurther using spiral galaxies with orientations
sion at 8 pum is correlatedwith large grain emission,and Haas closerto face-on.
etal. (2002)even amguedthatthe correlationbetween8 um emis- In this paper we examinethe relationof PAH 8 pm emission
sion and cold dustemissionat 850 pm was much strongerthan to both 24 pm hot dustemissionand 160 pm cold dustemission
thecorrelationbetweerB and 15 pum emission.Using Spitzerdata, in a set of 15 face-onspiral galaxiesobsenred by Spitzeras part
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Table 2. Uncertaintiesn the surfacebrightnesgatios
relatedto matchingimagecoordinatesystems.

Surfacebrightnesgatio Uncertainty
I (PAH 8 um)/1 (24 um) 0.005
I (PAH 8 um)/| (160um) 0.0015
I (PAH 8 pm)/I(TIR) 0.007
I (24pm)/1 (160pm) 0.005
I (160pm) I (TIR) 0.02

of the SpitzerInfrared Nearby GalaxiesSurvey (SINGS) legacy
project(Kennicuttetal. 2003).Thebasicgoalisto understandow
PAH 8 um emissionis relatedto dustemissionat otherwavelengths.
Section2 providesbasicinformationonthewave bandsusedin the
analysisthe obserations anddatareductionsthe sampleand the
preparatiorof the datafor the analysis.The comparisorbetween
PAH 8 and 24 um emissionis presentedn Section 3, and the
comparisorbetweenPAH 8 and 160 um emissionis presentedn
Sectiord. Theanalysids thenfollowedby adiscussiorin Sections
andconclusionsn Section6.

2 DATA

2.1 Wave band information

Here, we presentbackgroundinformation on the 8, 24 and
160 um bandsusedfor the analysisin this paper This informa-
tion also includessome caveats that should be consideredwhen
interpretingthe resultsfrom thesedata.

Channel4 of the Infrared Array Camera(IRAC; Fazio et al.
2004) covers a region centred on 8.0 um that includes the
7.7 um PAH featureas well as some stellarcontinuumand some
hotdustemission(e.g.Smithetal. 2007).For theanalysishere the
stellarcontinuumis subtractedising3.6 um datafrom channell of
IRAC. Althoughthe PAH emissionfeaturesarevery prominentin
this8 um band thermalemissionfrom largergrainsmaycontrikute
signi cantly to emissionin this bandin regionswith very intense
radiation elds(Draine& Li 2007).

The 24 um detectorof the Multiband Imaging Photometerfor
SpitzenMIPS; Rieke et a. 2004)mostlydetectshot( 100K) dust
emissionwithin nearbygalaxies.In environmentswith low radia-
tion elds,thisdustemissionmayoriginatefrom mostlytransiently
heatedsmallgrains butin regionswith highradiation eldssuchas
starformingregions,theemissionconsistof mostlythermalemis-
sionfrom grainsat equilibrium temperaturesf 100K (e.g.Li &
Draine2001;Draine& Li 2007).Therelative contribution of dust
at 100K is expectedto be stronglydependenbn the strengthof
theilluminating radiation eld. Consequentlythe 24 um band is
predictedto increasemorerapidly thanotherinfraredbandsasthe
illuminatingradiation eldincreasessshasbeenshovn with mary
physical and semi-empiricalmodelsof dust emission (e.g. Dale
etal. 2001;Li & Draine2001;Draine& Li 2007).Multiple stud-
ies with Spitzerdatahave shovn that the 24 pm emissionfrom
point-like sourcescorresponds$o H it regionsvisible in opticaland
ultraviolet wave bands so the 24 um bandmaybeusedto measure
SF actwity (Calzettiet al. 2007; Prescottet al. 2007). Extended
24 um emission, however, may originate from outside of star
forming regionsin thediffuseinterstellarmedium(ISM).

The 160 um MIPS detectormainly tracescold ( 20 K) dust
emissiorthatmay be associatedvith cirrusdustin thediffusel SM
(e.g.Draineet al. 2007).Becausehe 160 um bandsamplesdust
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emissionnearthe peakof the spectraleneigy distribution in the
galaxiesin this sample(Daleet a. 2005),the 160 um bandshould
betightly correlatedwith thetotal infrared (TIR) luminosity. This
is explainedin thefollowing proof. For thermalemissionmodi ed
by anemissvity functionthatscalesas , thetotal enegy emitted
ina dngle wave band ( L ) shouldscaleas

4+ )
L < 1
eS1 @)
where
h
X= —. 2
kT )
Thetotal integratedthermalemissionL, Will scaleaccordingto
I—total T(4+ )- (3)

Theratioof L to Ly, Will beapproximatelyconstanie.g.inde-
pendenbf graintemperaturejvhenit iscloseto amaximum,which
occurswhen

xeX

—— =4+ 4
eS1 )
Sinceeg  1,then
1 h
_ 5
4+ k ©)

Assumingthat equal? (Li & Draine2001),this conditionis met
at160pmwhenthedusttemperaturés 15K. Becausehepeakof
the spectralenegy distribution is actuallyat a shorterwavelength
than160um, theratio of 160pum emissionto TIR emissionshould
decreasalightly astheilluminating radiation eldincreases.

2.2 Observations and data reduction

We usethe 3.6,8.0,24, 70 and 160 um datatakenwith Spitzeras
partof SINGS.The 3.6 and8.0 um obsenations were performed
with IRAC. The obsenationsfor eachobjectconsistedf a series
of 5 x 5 arcmin? individual framestaken in eithera mosaicor a
single eld dither pattern.The 24, 70 and 160 um obsenations
performedwith MIPS are composedof two scan mapsfor each
tamget. Eachobjectwas obsenred twicein eachwave bandto identify
and remove transientphenomenaparticularly asteroids.The full
width at half-maxima(FWHM) of thepointspreadunctions(PSFs),
asstatedin the SpitzerObsenrer’'s Manual(SpitzerScienceCentre
2006)! are1.7,2.0, 6, 18 and 38 arcsecat 3.6, 8.0, 24, 70 and
160 um, respectiely. Details of the obserations canbe foundin
thedocumentatiofior theSING Sfourthdatadelivery (SINGSTeam
2006)?

ThelRAC datawereprocessedisingthe SINGSIRAC pipeline,
which combinesmultiple framesof datausinga drizzletechnique.
A descriptionof thetechniques presentedn Regan et al. (2006).
The nalimagesmay containresidualbackgroundemissionfrom
thetelescoper sky thatis subtractedluringtheanalysisTheMIPS
datawere processedising the MIPS Data AnalysisTools version
3.06(Gordonetal. 2005).Additional softwarewasusedto remove
zodiacallight emissionandimprove the at- elding in the24 um
dataandto remove short-termvariationsin the backgroundsignal
(commonlyreferredto as drift) in the 70 and 160 um data. Any
additionalbackgroundffsetleft in the nalimagesvasmeasured
in regionsoutsidethe optical discsand subtractedAdditional de-
tails are presentedn Bendoet al. (2006).Full detailson the data

L hitp://ssc.spitzesaltech.edu/documents/som/
2 Availableat http://ssc.spitzetaltech.edu/igagy/singshistorhtml
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Figure 1. Imagesof the PAH 8 um emissionat the resolutionof the IRAC data(left-handcolumn),the (PAH 8 pm)/24 um surfacebrightnesgatio at the
resolutionof the 24 pm data(centrecolumn)andthe (PAH 8 um)/160um surfacebrightnesgatio at the resolutionof the 160 um data(right-handcolumn)
for the 15 galaxiesstudiedin this analysis.The threemapsfor eachgalaxyare scaledto the samesize. North is up andeastis left in eachmap.The stellar

continuumhasbeensubtractedrom the 8 and 24 um bandsto producethesemaps.The contourlevelsin theratio mapsarechosento shawv structurewithout
shawving excessve scatterfrom noise.The colour barsgive the valuesof the contourlevels. The red coloursin the ratio mapscorrespondo relatively weak
PAH 8 um emission,andtheblue colourscorrespondo relatively strongPAH 8 pm emission.White regionsin theratio mapscorrespondo regionswith low

signal-to-noiseatios,regionswith foregroundstarsor regions stronglyaffectedby artefactsin thedata.In the PAH 8 pm imageof NGC 3351,stripsof data
to the northeastnd southwesbf the centrehave beenstronglyaffectedby muxbleedandhave beenmasled outin theratio maps.Thecircle in thetop right

cornerof the (PAH 8 um)/160um ratio mapsshavs the 38 arcsedWHM of the 160um beam.

processingre aso available in the SINGS documentatiorfor the
fourth datadelivery (SINGSTeam2006).

2.3 Sampleselection

To performthis analysis,we needto resole substructuresn the
160 um imageswhich have PSFswith FWHM of 38 arcsecWe

thereforelimit the sampleto spiral galaxiesin SINGS wherethe
major axes of the D,s isophotespeci ed by de Vaucouleurset al.
(1991)arelamgerthan5 arcmin. Since we want to be ableto dis-
tinguishbetweerradial colour variationsandcolour variationsre-
latedto the presencef substructuresnd sincesuch substructures
are dif cult to study in edge-ongalaxies,we only use galaxies
that are inclined lessthan 60 . The inclinations are calculated
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Figurel — continued
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Figurel — continued
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Figurel — continued
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Figure2. Plotsof the(PAH 8 pm)/24pum surfacebrightnessatiosversushe24 um surfacebrightnessefor the45 arcse€ regionsmeasuredh thesegalaxies.
Note thatthe dataare extractedfrom imageswith the sameresolutionas the 160 um data. This was doneso thatresolutioneffectswill not be afactorwhen
comparinghedatain this gure to thedatain Fig. 5. Thegrey linesarethebest- tting linesfor therelationsin eachplot; sopesand intrinsic scatersfor these
ts aregiven in Table3. Notethattheuncertaintiesn the x- and y-directionsareusedto weightthedatain the t.

using

?S @2

i = cosot >
1S g2

(6)

Thevalueqistheobsenred (projected)minor-to-majoraxis ratio.
The value g, is the intrinsic optical axial ratio (the ratio of the
unprojectedptical axis perpendiculato the planeof the galaxy to
thediameterof thedisc),whichis equivalentto 0.20for mostdisc
gaaxies(Tully 1998).Becausehe opticaldiscof NGC 5194 may
bedistortedby its interactionwith NGC 5195, its inclinationis not
calculatedusingthis equation.Insteadtheinclinationaswell asthe
position angle given by Gar¢a-Gbmez, Athanassoul& Barbea
(2002)areusedfor the analysis.

Six of the SINGS galaxiesthat meetthe above criteria are un-
suitablefor theanalysis. NGC 1512and4826arenotusedbecause
only the centralregionsweredetectecatthe5 levels in all of the
convolved maps(describedn thenext section). The8.0pumimages
of NGC 1097,1566 and 4736 are heavily affectedby muxbleed
artefacts(arti cially brightcolumnsof pixels associateavith high-

surface-brightnessources}hat crossover signi cant fractionsof
theopticaldiscs,sothosedataare not usablefor this analysis.Two
very bright foregroundstarsin the 3.6 um and 8.0 um imagesof
NGC3621causegroblemsntheanalysisso NGC3621needgobe
excludedfrom the sampleas well. The other15 galaxiesthatmeet
theabove criteria,which are roughlyuniformly distributedbetween
HubbletypesSabandSd, arelistedin Table1 along with theinfor-
mationon the galaxies’ morphologiespptical axes,distancesnu-
clearspectratypesand netular oxygenabundance$l2+ log(O/H),
which is treatedasrepresentatee of the global metallicitiesof the
galaxieg.

2.4 Data preparation

Many Spitzerstudiesof infrared colour variations within individ-
ual galaxieshave reliedon ux densitiesmeasuredvithin discrete
subrgyions that are choseneither by eye or by sourceidenti ca-
tion software.However, this selectiorprocessnaybebiased Some
subrgjionswithin the galaxy might be excludedfrom the analysis,
especiallyif the regions are selectedby eye, andregion selection
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Table 3. Slopesand intrinsic scatter for the best- tting line
describing(PAH 8 um)/24 um surfacebrightnessatio versus
24 um surfacebrightnesgensity?

Name Slope Intrinsic
scatter
NGC 628 $0.030+ 0.015 0.20
NGC925 0.15+ 0.02 0.69
NGC 2403 0.090+ 0.008 1.91
NGC 3031 $0.270+ 0.011 0.93
NGC 3184 $0.030+ 0.011 0.13
NGC 3351 $0.32+ 0.02 0
NGC 3938 $0.035+ 0.015 0.14
NGC 4254 $0.085+ 0.013 0.0011
NGC 4321 $0.128+ 0.010 0.14
NGC4579 $0.18+ 0.03 0
NGC 4725 $0.121+ 0.017 0.12
NGC 5055 $0.041+ 0.007 0.43
NGC 5194 $0.038+ 0.008 0.89
NGC 6946 $0.21+ 0.02 0.069
NGC 7793 0.043+ 0.011 0.13

aTheseslopes and intrinsic scatter measurementare for the
lines t to thedatain Fig. 2. The dataare measuredvithin 45

arcsechins in imageswith the sameresolutionas the 160 um

images.Intrinsic scattermeasurementsf O are reportedwhen
thevaluecalculatedvith equation(10)is negative; thisindicates
thatmeasuremenincertaintiezanaccountor all of the scatter
in therelation.

may aso be biasedtowards regions that appearbright in a spe-
ci ¢ wave band.To avoid this bias, we divide eachgalaxy into
45 arcseé regions and extract surface brightnessesor all usable
regionswithin theopticaldiscsof the galaxies.This approachsam-
plesthewholeof thegalactic discandavoidsany subjectve biases.
We choosdo used5 arcseaegionsbecausét isan integermultiple
of the pixels usedin the original images,and it is larger thanthe
38 arcsedWHM of the 160 um imagesNote that45 arcseccor
respondgo physicalscaleof 0.7-3.6kpc for thegaaxiesin this
sample.

First, the dataare corvolved with kernelsthat matchthe PSFs
of the imagesin the 3.6, 8, 24 and 70 um bandsto the PSF of
the 160 um data,which hasa FWHM of 38 arcsec.The convolu-
tion kernelswere createdby Gordonet al. (2008) using the ratio
of the Fourier transformsof theinput andoutputPSFswith high-
frequeng noisesuppresseih theinput PSFs® By doingthis, it is
possibleto directly comparesurfacebrightnessesneasuredn the
sameaperturesn differentwave bandswithout applyingary aper
ture corrections Next, the coordinatesystemsacrossall the wave
bandsare matchedto eachother using point-like sources(stars,
backgroundyalaxiesor infrared-brightregionswithin the galaxies)
orthecentresf thegalaxiesasguides Thebackgroundn theIRAC
datawas thensubtractedrom theimages Following this, the data
arerebinnednto 45 arcse@ regionssuchthatthecoordinateof the
rebinnedpixels matchacrossall wave bands.Becausehe centres
of the galaxiesare mappedinto the cornersof four pixels in the
MIPS imagesthe centresof the galaxiesfall at the cornersof four
45 arcsechins. We then extract surface brightnessedrom all
45arcsecaegionswithin theopticaldiscsof thegalaxies Weexclude
fromtheanalysigegionsnotdetectedtthe3 level inoneor more
wave bands,regions contaminatedy emissionfrom bright fore-

3 The kernels are available at http:/dirty.as.arizona.edu/kgordon/mips/
corv_psfs/com_psfs.html.
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groundstars(identi ed asunresohed sourcesin the uncorvolved
IRAC datawith 3.6 um/8 um surface brightnessratios 5) and
regions affectedby muxbleedat 8 um. Additionally, we exclude
the centreof NGC 5195from the analysisof NGC 5194 because
the dwarf galaxy causesconfusionwheninterpretingthe dataon
the spiral galaxy To correctfor the diffusionof light throughthe
IRAC detectorsubstratethe 3.6 and8.0 um dataare multiplied by
the‘in nite’ aperturecorrectionsdescribecy Reachet al. (2005)
(which shouldnot be confusedwith the typesof aperturecorrec-
tionsusedfor measuringhe ux densitiesof unresohed sources).
The correctionfactorsare 0.944and0.737at 3.6 and8.0 um, re-
spectvely. Finally, we subtractthestellar continuumfrom the8 and
24 um surfacebrightnessegn MJy s°t) using

| (PAH 8um)= 1| (8um)S 0.232 (3.6um) ©)

| (24um)=1 (24pm)S 0.032 (3.6um), (8)

which were derived by Helou et al. (2004). For the galaxiesin
this analysis,this is a correctionof 1-4 per centto the 24um
surfacebrightnessebut acorrectionof 5-25percentto the8um
surfacebrightnessesThe stellar continuum-subtracte@ um data
are referred to as the PAH 8 um emissionthroughoutthis paper
While thesestellar continuum-subtractespectranaycontainsome
thermaldustemission,mostof the emissionshouldoriginatefrom
thePAH emissiorfeaturesashasbeendemonstratedy Smithetal.
(2007).We also calculatedTIR surfacebrightnessesising

I(TIR) = 0.95| (PAH8um)+ 1.151 (24um)
+ | (70um)+ | (160pm) 9)

basedn equation(22) from Draine& Li (2007).

In the analysisof these45 arcsecregions, we assumethat the
backgroundnoise,which is measuredn off-target regionsin the
imagesjstheonly sourceof uncertaintieshatwill affectthisanal-
ysis.Uncertaintiesn the calibrationwill only scalethedata,which
doesnot affect eitherthe opesof lines t to thedatain log space
orthescatteraroundthebest- tting lines.Uncertaintiesn themean
backgroundvalue subtractedfrom the datashouldbe ngjligible.
Theuncertaintiegor theratiosof surfacebrightnesses two wave
bandsalsoincludeatermto accountfor uncertaintiesn matching
the coordinatesystemsof the two bands.This term is estimated
from the standarddeviations of the central four pixels in galax-
ieswith symmetric,bright, point-like nuclei.In galaxieswith such
nuclei, the central four pixels shouldeach sampleapproximately
one-quarteof the peakof the centralPSFE They should have the
samesurfacebrightnesgatiosif the imagecoordinatesystemsof
differentimagesare matchedproperly but, in practice,the ratios
vary by small amounts.Theseterms,which are given in Table 2
for theratiosusedin this paper add uncertaintie®f approximately
5-10percent.

We alsousemapsof the (PAH 8 um)/24 um and (PAH 8 pum)/
160pum surfacebrightnessatiosas additionalaidsin theinterpreta-
tion of thedata.To maketheseatiomapswe again usethecorvolu-
tionkernelsof K. D. Gordonto matchthePSFof the3.6and8.0um
imagesto the PSFin the longestwave band.Hence,the 3.6, 8.0
and24 um imagesusedto producethe (PAH 8 um)/24 um maps
have PSFswith FWHM of 6 arcsec,andthe 3.6,8.0and 160 um
imagewusedo producehe(PAH 8 pm)/160pm maps heve RVHM
of 38 arcsecThecoordinatematching IRAC backgroundubtrac-
tion, IRAC aperturecorrectionand stellar continuum subtraction
stepsappliedto the surfacebrightnessemeasuredn the45 arcsec
regionsarealsoappliedto theimagesusedo maketheseatiomaps.
Only pixels wherethe24 pm dataweredetectedit the5 level and
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Figure 3. Plotsof the (PAH 8 um)/24 um surface brightnessratios versusdeprojectedgalactocentriaadii for the 45 arcse@ regions measuredn these
galaxies Notethatthe dataareextractedfrom imageswith the sameresolutionas the 160um data. Theradii arenormalizedby theradiusof the D5 isophote
given by de Vaucouleur®tal. (1991).Thegrey linesarethebest- tting linesfor therelationsin eachplot; slopesand intrinsic scatterfor theset s aegiven in
Table 6. Only theuncertaintiesn the (PAH 8 um)/24um ratio areusedto weightthedatain the t; theuncertaintiesn theradiusare assumedo be negligible

in thisanalysis.

wherethePAH 8 and160um dataweredetectechtthelO level are
shavninthemapsThesehresholdsvereselectedo Iter outback-
groundnoiseandartefacts whichis why thethresholdliffersamong
the three wave bands.Moreover, pixels above thesethresholds
roughlycorrespondo thepartsof thediscthatwerebinnedintothe
45 arcsearegionsdescribedsbove. Additionally, foreground stars
andany bright artefctsthatremainedn the dataweremasled out
in the nal ratio maps.Imagesof the PAH 8 pum emission, the
(PAH 8 um)/24 um surfacebrightnesgatio andthe (PAH 8 pum)/
160um surface brightnesgatio areshown in Fig. 1.

3 COMPARISONS OF PAH 8 AND 24 pm
EMISSION

The panelsin the middle columns of Fig. 1 show how the
(PAH 8 pm)/24 um surfacebrightnesgatio varieswithin thediscs
of thegalaxies Theresolutionof themapss 6 arcsecwhich allows
for seeing nedetailswithin theimageslIf the PAH 8 um surface
brightnessvaries linearly with the 24 pm surfacebrightnessthen

this quantityshouldbe constantacrosshe discsof thesegalaxies.
Insteadthe (PAH 8 um)/24 um ratio is seento vary signi cantly.

In particular the 24 pm emission peaksmore strongly in point-
like regions, which, accordingto the resultsfrom Calzetti et al.

(2007)andPrescottet a. (2007),are H i regions.In contrast,the
PAH 8 pm emissionisstrongerrelative to the24 um emissionin the
diffuseinterstellaregions.This is mostapparentwhencomparing
thearm andinterarmregionsof the grand-desigrspiral galaxiesin

this samplenotablyNGC 628,3031and5194.SomeH i regions
well outsidethe centresof the galaxieshave verylow (PAH 8 um)/

24 um ratioseven comparedo the restof the optical discsof the
galaxiesas canbe seenwith theH 11 regionin the northeaspart of

thediscin NGC 3184andtheH i regionin theeastpart of thedisc
in NGC 3938.

Plotscomparingcolourto surfacebrightnessareusedhereandin
the next sectionto study the correlationbetweentwo wave bands.
In a rst-orderapproximation,the PAH 8, 24 and 160 um sur-
facebrightnessesre all correlatedwith oneanotherfor thesedata.
Hence colourvariationsmaybedif cult to seeor measuren plots

¢ 2008TheAuthors.Journalcompilation ¢ 2008RAS, MNRAS 389,629-650



Relationsamong8, 24 and 160y mdustemission 639

Table 4. Slopesand intrinsic scatterfor the best- tting line de-
scribing (PAH 8 um)/24 um surface brightnessratio versusra-

dius?
Name Slope Intrinsic
scatter
NGC 628 $0.07+ 0.02 0.16
NGC925 $0.39+ 0.03 0.23
NGC 2403 $0.34+ 0.02 1.43
NGC 3031 0.178+ 0.016 1.64
NGC 3184 0.051+ 0.019 0.13
NGC 3351 0.59+ 0.05 0.18
NGC 3938 0.01+ 0.03 0.15
NGC 4254 0.17+ 0.02 0
NGC4321 0.20+ 0.02 0.17
NGC 4579 0.38+ 0.05 0
NGC 4725 0.32+ 0.03 0.040
NGC 5055 0.082+ 0.017 0.42
NGC5194 0.09+ 0.02 0.85
NGC 6946 0.14+ 0.03 0.23
NGC 7793 $0.103+ 0.018 0.091

aThese dopes and intrinsic scatter measurementsire for the
lines t to the datain Fig. 3. The data are measuredwithin
45 arcsedinsin imageswith the sameresolutionas the 160 pm
imageslntrinsicscattermeasurementsf O are reportedvhenthe
valuecalculatedwith equation(10) is negative; this indicatesthat
measuremenincertaintiecanaccountor all of the scatterin the
relation.

directly comparingsurface brightnessesn two wave bands.This
is becausehe surface brightnessewary by factorsof 100 but
the ratiosof the surfacebrightnessesary by lessthana factorof
10. However, plots comparingsurfacebrightnesgatiosto surface
brightnessesan more clearly shov deviationsin the relation be-
tweentwo wave bands,including systematicvariationsin colour
relatedto surface brightnesslf a one-to-oneorrespondencexists
betweenthe PAH and 24 pum surfacebrightnessegshenthe slopes
of the best- tting linesin theseplots would be closeto 0, andthe
scatterin theseplots would be small. Suchplots would be biased
towards producingrelationswith slopesof S1 in log—logspaceif
thetwo wave bandswererandomlydistributed.However, sincethe
ux densitiesn al wave bandswe studiedhereareapproximately
proportionalto eachother suchbiaseswill notbepresentTo mea-
surethe physical (intrinsic) scatteraroundthe best- tting line, we
will subtracthesum of thesgquareof themeasurementncertainties
from thesumof thesquareof theresidualdrom thebest- tting line.
Thisis given by
§? = (i SaShx)*S 2+ b2 yzl , (10)
wherex andy areabscissaandordinatevalueswith corresponding
uncertainties , and y anda andb arethe y-interceptandslope
of the best- tting line. A valueof 0 is reportedif the resultfrom
equation(10) is negative, as this would indicatethat al of the
scatteraround the best- tting line could be accountedor by the
measuremenincertainties.

Fig. 2 shows how the (PAH 8 pm)/24 pm ratio varies with
24 um surfacebrightnesamonghe45 arcseé regionsdescribedn
Section2.4.Notethattheresolutionof thedatausedin this gure is
matchedo the38arcsecesolutionof the160umimageso thatthe
resultsfrom thesegures canbemoreeasilycomparedo theresults
in Sectiond. Theslopesandintrinsic scatterfor thebest- tting lines
aregivenin Table 3. Thebest- tting linesaredeterminedisingun-
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certaintiesn boththex- and y-directionsto weightthe data,sothe
ts are stronglyweightedtowards high surfacebrightnessegions.

Theslopesof thebest- tting linesin Fig. 2 are generallynot sta-
tistically equivalentto 0, which demonstratethatthe (PAH 8 um)/
24 um ratio varieswith surfacebrightnessin mary galaxies(most
notably NGC 3031,3351 and 6946), the (PAH 8 um)/24 um ra-
tio decreasesotably asthe 24 um surface brightnessincreases.
Thesetendto be galaxieswith infrared-brightpoint-like nuclei.In
afew othergalaxies(e.g.NGC 2403and7793),the (PAH 8 um)/
24 um ratio increasessthe 24 um surface brightnessncreases.
Thedatafor somegalaxiesalsoshav abroadscatterparticularlyfor
galaxieswithout infrared-brightnuclei. For a given 24 um surface
brightnessthe (PAH 8 um)/24 um ratio varies by over afactor of
2 in high signal-to-noiseregionsin NGC 925and2403. Although
bothof thesegalaxiesare twith linearrelationsn Fig. 2,thebroad
scatterindicatesthat such a t is unrealistic,so the (PAH 8) and
24 um emissionmustbe only weakly associatedvith eachother
Also, somedatapointsfall well belon thebest- tting linesin Fig. 2,
particularly in the plots for NGC 2403 and 3938. Theseregions
correspondo very infrared-brightstarforming regions visible in
Fig. 1.

Fig. 1 doesnot reveal the presencef any ohvious dependence
of the(PAH 8 um)/24pum on radius,but it is still usefulto measure
suchgradient§or comparisowith abundancegradientsespecially
sinceit hasbeenshawvn thatthe (PAH 8 um)/24 um ratio varies
with metallicity (Daleet a. 2005;Engelbrachtt al. 2005;Calzetti
et al. 2007; Draine et al. 2007; Engelbrachtt al. 2008). The re-
lation betweenthe (PAH 8 um)/24 um ratio and radiusfor the
45 arcseé regions describedin Section 2.4 is shown in Fig. 3,
with slopesfor the best- tting lines andintrinsic scattergivenin
Table 4. Asin Fig. 2, theslopesvary signi cantly amongthegalax-
iesinthissample Somegalaxieswith infrared-brightnuclei,suchas
NGC3351andNGC4579 havelargepositiveradialgradientsnthe
(PAH 8 um)/24um ratio,andin NGC 3031and6946,theinfrared-
bright nuclei fall below the relation betweenthe (PAH 8 pum)/
24 ym ratio and radius. In a few other galaxies (most notably
NGC 925and2403),theradialgradientin the (PAH 8 um)/24um
ratiois negative. Asin therelationbetweerthe (PAH 8 um)/24pum
ratio versus24 um surface brightnesssigni cant scatteris seenin
somerelationshetweerthe(PAH 8 um)/24pmratioandradius,and
someinfrared-brightregionsfall well belov thebest- tting lines,as
canbeseemostclearlyin NGC 2403and3938.Furtherdiscussion
concerninchow thesegradientamight berelatedto radialgradients
in abundancess presentedn Section5.1.

Overall, thesedatademonstrat¢hattherelationbetweenPAH 8
and24 pm emissionon spatialscalessmallerthan 2 kpc mayex-
hibit asigni cant amountof scatterMoreover, therelationbetween
the(PAH 8 pm)/24um ratioandthe24 um surfacebrightnessloes
notvary in away thatis easilypredictablewithin thesegalaxies.

4 COMPARISONS OF PAH 8 AND 160 pum
EMISSION

The panelsin the right-hand columns of Fig. 1 show how the
(PAH 8 um)/160 um surface brightnessratio varies within the
samplegalaxies.The resolutionof the mapsis 38 arcsecAs with
the (PAH 8 um)/24 um ratio, the (PAH 8 pm)/160pum ratio does
vary acrosshe discsof thesegalaxies,althoughthe variationsare
notablydifferent.The (PAH 8 um)/160um ratio generallyappears
to increasees the 160 pm surfacebrightnessncreasesMoreover,
the (PAH 8 um)/160um ratio alsoappeargenhancedn large-scale
structureswithin the discs of thesegalaxies, such as the spiral
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Figure 4. Imagesof the (PAH 8 um)/24 um surfacebrightnesgatio at the resolutionof the 160 um data(left-handcolumn),andthe (PAH 8 um)/160um
surfacebrightnessatio attheresolutionof the 160 m data(right-handcolumn)for threegalaxieswith extranucleastarforming regionsthatareexceptionally
brightat 24 pm. Thesemapsdemonstraténow the lower resolutionaffectsthe (PAH 8 um)/24 um ratio mapsandhow the mapsstill differin comparisorto
the (PAH 8 um)/160um ratio maps.Thecircle in thetop right cornerof eachmapshows the 38 arcsecFWHM of the 160um beam.SeeFig. 1 for additional

information.

armsin NGC 3031and6946.In the centresof a few galaxies,the
(PAH 8 um)/160um ratio appearso decreasslightly. Thisismost
apparentin NGC 3184,4725 and 5055. The disc of NGC 4725
containsaring, sotheapparentecreas thecentral(PAH 8 um)/
160 um ratio could partly be relatedto an enhancemenbf the
(PAH 8 pm)/160um ratioin thering.

Themapsalso show thatthe (PAH 8 pm)/160pm ratio doesnot
necessarilypeakin the extranuclearstarforming regions where
local minima in the (PAH 8 um)/24 um ratio are found. This

canbe seenmostdramaticallyin the imagesof NGC 2403,3184
and3938.To show thatthe differencesbetweenthe (PAH 8 um)/
24 ym and (PAH 8 pm)/160 um ratio mapsare not the result
of resolutioneffectsfor thesethreegalaxies,we shav both ratio
mapsfor dataat a resolutionof 38 arcsecin Fig. 4. Even at this
resolution,the infrared-brightH 11 regionslocatedin the northeast
part of the disc nearthe nucleusof NGC 2403, in the northeast
part of the disc in NGC 3184 andin the eastpart of the disc in
NGC 3938 are still identi able in the (PAH 8 pm)/24 um ratio
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Figure 5. Plotsof the (PAH 8 pm)/160pum surfacebrightnessatiosversusthe 160 um surfacebrightnessesor the 45 arcse@ regionsmeasuredn these
galaxies.The grey lines arethe best- tting lines for the relationsin eachplot; slopes,intrinsic scatterandcorrelationcoef cientsfor theset s ae given in
Table 5. Notethattheuncertaintiesn thex- and y-directionsareusedto weightthe datain the t.

maps.However, thesethreeinfrared-brightH 1 regions are indis-
tinguishablefrom the nearbydust emissionin the (PAH 8 um)/
160pm ratiomaps.Nonetheless keepin mindthatenhancements
in the (PAH 8 um)/160um ratiosare still visible in thelarge-scale
structuresuchasthe spiral armsin NGC 3031and6946.

Fig.5showshow the(PAH 8 um)/160pum surfacebrightnessatio
varieswith 160 um surfacebrightnessamongthe samplegalaxies,
andtheslopesandintrinsicscatterfor thebest- tting linesaswell as
Spearmarscorrelationcoef cientsfor thedataaregivenin Table5.
Again, the best- tting lines are determinedusing uncertaintiesn
boththe x- and y-directionsto weightthe data.

For all galaxiesin the sample,the (PAH 8 pm)/160 um ratio
generallyincreasesas the 160 um surface brightnessincreases,
althoughthe dlopesof therelationsarerelatively shallow for some
galaxies,such as NGC 3031,3351and4725.1f the slopesof the
best- tting linesin Fig. 5 wereequivalentto 0, this would indicate
that a one-to-onecorrespondencexists betweenthe PAH 8 and
160 um bands.However, since the slopesare insteadall positive,
this indicatesthat the colours changefrom low to high surface
brightnesgegions.
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The scatterin the dataaroundthe best- tting linesgenerallyap-
pearsto be at the 10—20per centlevel in mary casesAccording
to theintrinsic scattermeasuremenisedhere,the scatterin mary
of the plots canbe explainedmostly by uncertaintiesn the mea-
surementsk-or mostgalaxies theintrinsic scattemeasurementis
Table 5 are either similar to or notably lower than the valuesin
Table 3. Becausehe datausedfor Tables3 and 5 weremeasured
in imagesthat weredegradedto the resolutionof the 160 um im-
ages resolutioneffectsshouldnot be a factorin this comparison.
Hence this comparisorbetweertheintrinsicscattemeasurements
demonstrategjuantitatvely that the relation betweenPAH 8 and
160pm emissionmayexhibit lessscatterthantherelationbetween
PAH 8 and 24 pm emission.

Also note that very low and very high surface brightness
45 arcseaegionsin NGC 5194and5055fall below the best- tting
line. A relatedphenomenoris visible in NGC 4725, where the
45 arcsecregions within the innerring fall below the best- tting
line in Fig. 5. The disparity in the slopesbetweenthe high and
low surfacebrightnesglatafor somegalaxiesdemonstratethatthe
(PAH 8 um)/160umratioeitherstopsisingor decreases thehigh
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Table 5. Resultsfor the best- tting line describing(PAH 8 pm)/160 um
surfacebrightnesgatio versus160um surfacebrightnes$t

Name Slope Intrinsic Spearmars rank
scatter correlation
coefcient?
NGC628 0.188+ 0.018 0 0.85
NGC925 0.37+ 0.03 0 0.79
NGC 2403 0.415+ 0.012 0 0.93
NGC 3031 0.11+ 0.02 0 0.27
NGC 3184 0.112+ 0.017 0.034 0.70
NGC 3351 0.08+ 0.02 0 0.69
NGC 3938 0.12+ 0.02 0 0.82
NGC 4254 0.093+ 0.016 0.013 0.83
NGC4321 0.113+ 0.015 0 0.78
NGC 4579 0.11+ 0.06 0 0.51
NGC 4725 0.07+ 0.03 0.17 0.12
NGC 5055 0.111+ 0.011 0.26 0.80
NGC5194 0.159+ 0.012 0.56 0.80
NGC 6946 0.179+ 0.013 0.040 0.83
NGC 7793 0.300+ 0.019 0 0.88

8Theseslopesand intrinsic scattermeasurementarefor thelines t to the
datain Fig. 5. Thedataaremeasuredvithin 45 arcsedinsin imageswith
thesameresolutionasthe 160 mimagesintrinsic scattermeasurementsf
0 arereportedvhenthevaluecalculatedvith equation(10)is negative; this
indicateghatmeasurementncertaintieganaccounfor all of thescatterin
therelation.

bSpearmars rank correlationcoef cientmay have valuesbetweenS 1 and
1. A valuecloseto 1 indicatesa direct correlationbetweentwo values.A
valuecloseto S 1 indicatesaninversecorrelation.A valueof 0 indicatesno
correlation.

surfacebrightnessentref thegalaxies,as canalsobeseenin the
mapsof the (PAH 8 um)/160um ratio in Fig. 1 and in the plots of
the (PAH 8 um)/160um ratio versusradiusin Fig. 6.

Fig. 1 illustrateshow the (PAH 8 um)/160um ratio may peak
outsidethe nucleiof nearbygalaxies.Fromtheratio mapsalone,it
is apparenthatthe (PAH 8 um)/160um ratio doesnot necessarily
monotonicallydecreasérom the nucleito the edgesof the optical
discsas wassuggestedby Bendoet al. (2006).Both Fig. 6, which
plots the (PAH 8 um)/160 um ratio versus deprojectedgalacto-
centricradiusfor 45 arcseaegionsin thesegalaxies,and Table6,
which givesthe slopesand intrinsic scattermeasurementfor the
best- tting lines in Fig. 6 as well as Spearmars correlation co-
efcient for the relations,supportthis conclusion.First, note that
the regions with the highest(PAH 8 pm)/160 pm ratios within
someof thesegalaxiesare found outsidethe nucleus.As canbe
seenin Fig. 1, the regions with enhancedPAH 8 um)/160 pm
ratiosmay correspondo spiralstructure asis mostclearly seenin
NGC 3031and6946.In NGC 4725,theinnerring hasthe highest
(PAH 8 um)/160um ratio, notthe nucleusTheintrinsic scatterin
the tsversussurfacebrightnesds generallylower thanfor those
for the ts versusradius.Moreover, Spearmars correlationcoef -
cientsfor therelationsbetweerthe (PAH 8 pm)/160um ratio and
160 um surface brightnessgenerallyhasa higher absolutevalue
thanthe correspondingcorrelationcoef cientsfor the relationbe-
tweenthe (PAH 8 um)/160 um ratio and radius. Theseresults
suggesthattheratio may be morestrongly dependenbn 160 um
surfacebrightnesshanradius.

Sincethe (PAH 8 um)/160um ratio may be dependenbn dust
heating,we also examinehow the ratio is relatedto the 24 pm/
160 um ratio. The 24 um band, which traces 100 K hot dust
emission,increasedasterthan otherinfrared band (including the

PAH 8 and 160 um bands)as the illuminating radiation eld in-
crease¢Daleet al. 2001;Li & Draine2001;Draine& Li 2007).The
160pm bandisapproximatelydirectly proportionakotheTIR  ux,
asdiscussedn Section 2.1. Therefore,the 24 um/160 um ratio
shouldbe a reasonabléndicatorof dustheating.If the massfrac-
tion of PAHs remainsconstan@andif the(PAH 8 um)/160um ratio
is dependenbn dustheating,thenthe (PAH 8 um)/160um ratio
shouldmonotonicallyincreasesthe24um/160pmratioincreases,
althoughthe slope may not necessariljpe constantThis compar
ison is similar to the direct comparisonbetweenthe PAH 8 and
24 um bandgerformedn Section3, butthenormalizatiorwith the
160 um band removes variations related to dust surface
density

Fig. 7 shows how the (PAH 8 um)/160 um ratio varies with
the 24 um/160 pm ratio within 45 arcsecregionsin the sample
galaxiesMary of the 45 arcseaegionsthatarerelatively weakin
24 um emissiontendto showv a tight correspondencbetweerthe
(PAH 8 pm)/160pum and 24 pm/160um ratios,but someregions
with enhanced24 um emission appearfar to the right of these
curves. The most spectacularexampleis NGC 3938, wherethe
ratiosfor mostof theregionscloselyfollow alinearrelationbut the
H 1 region on the eastside of the discfalls far to the right of this
relation. The relationbetweenthe two ratioson the left-handside
of the panelsin Fig. 7 suggestshatthe (PAH 8 pm)/160um ratio
is dependentn dustheating but theoutlierson theright-handside
in thesepanelsshow PAH 8 um emissionis notenhancedn areas
with strongdustheatingsuchas H i1 regions.Furtherinterpretation
of theseresultsis presentedn the next section.

For another perspectie on the natureof the variationin the
(PAH 8 um)/160 pm ratio, we examinedhow the 160 pm/TIR
and (PAH 8 um)/TIR ratios vary as a function of TIR surface
brightness.Theseare displayedin Figs 8 and 9, with slopesfor
the best- tting lines given in Tables7 and 8. As statedin Sec-
tion 2.1, the 160 um/TIR ratio shouldgradually decreases dust
temperaturesncreasesbove 15 K. This is re ected in the gen-
eral trendsvisible in Fig. 8. Some scatteris visible in this g-
ure, but this is expected,as the ratio will deviate from this gen-
eral trend where 24 pm emission is strongly enhancedwithin
starforming regions. The (PAH 8 pum)/TIR ratio is constantor
changesvery little in mary galaxies (e.g. the slope of the best-
tting line in Fig. 9 deviateslessthan 3 from 0), which in-
dicatesthat the (PAH 8um) emissionis directly proportionalto
TIR emissionin thesegalaxies.Somescatterrelatedto the scat-
ter seenin Fig. 2 is visible in thesedataand, in somecasesthe
infrared-brightestegionsnearthenucleusdeviatefrom thetrendin
(PAH 8 um)/TIR ratio versusTIR surfacebrightnesswhich makes
the best- tting lines appearpositive. In a few exceptionalgalax-
ies, however, the (PAH 8 um)/TIR ratio increasess TIR surface
brightnessncreasesiVeconcludehatthevariationsn (PAH 8 um)/
160um ratio aredriven by changesn 160 um emission relative to
totaldustemissionin all galaxiesandalsoby changes$n (PAH 8 um)
emissionrelative to total dustemissionin somesituations.This is
discussedurtherin thefollowing section.

5 DISCUSSION

5.1 Inter pretation of the relation betweenPAH 8
and 24 um emission

The resultsin Sections3 and 4 demonstratéhat the relation be-
tween PAH 8 and 24 um emission exhibits a signi cant scat-
ter on spatial scalessmaller than 2 kpc. In contrast,some ISO
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Figure 6. Plotsof the (PAH 8 um)/160 um surfacebrightnessatios versusdeprojectedgalactocentriaadii for the 45 arcse@ regions measuredn these
galaxies.The radii are normalizedby the radiusof the D5 isophotegiven by de Vaucouleurset al. (1991). The grey lines arethe best- tting lines for the
relationsin eachplot; slopesand intrinsic scatterfor thesets are givenin Table6. Only the uncertaintiesn the (PAH 8 pm)/160um ratio areusedto weight
thedatain the t; theuncertaintiesn theradiusare assumedo be negligible in this analysis.

resultsfrom comparison®f 7 and 15 pm emissionhadimpliedthat
theratio of PAH to hot dustemissionshouldbe relatively uniform
acrosghediscsof mostgalaxiege.g.Rousseét a. 2001).However,
somelSOstudiesactuallyfoundsigni cant variationsin the 7 um/
15umratio(Haaset a. 2002),andevenstudieghatdid nduniform
7 um/15um colourswithin thediscsof galaxiesnotedthattheratio
might decreasewithin starturstsin the centresof somegalaxies
(Roussekt d. 2001).Thevariationsin the(PAH 8 um)/24umratio
obsered in this subsampleof SINGS galaxiesareconsistentwith
Spitzerresultsfor individual galaxies,suchas for M51 (Calzetti
et al. 2005), M81 (Perez-Gonzaleet al. 2006) and NGC 4631
(Bendoetal. 2006).Moreover, we nd that24 pm emissionismore
pealed in the centresof Hu regionswhile the PAH 8 um emis-
sionis relatively strongeroutsideH i1 regions,which is consistent
with similar phenomenabsened in NGC 300 (Helouetal. 2004),
NGC 4631(Bendoetal. 2006)andM 101 (Gordonet al. 2008).
The variationsin the (PAH 8 um)/24 um ratio are best seen
by comparingbright starforming regions and diffuse regions. If,
becausef thelimited sensitiity of thedata theratiobetweerPAH

andhotdustemissionis only measuredn thebright regionsin some
galaxies,aswasdoneby Roussett a. (2001) thentheratiobetween
PAH and hotdustemissionmayappeauniform. Whenthesebright
regionsarecomparedo diffuseemission however, variationsmay
be seenin theratio of PAH to hot dustemission.This may be the
primaryreasorwhy someresultsfrom ISOsuggestethattheratio
of PAH to hot dustemissionwas uniform in mostspiral galaxies
whereassariationsmay be seenin Spitzerdata.

Additionally, differencedetweerthenatureof 15and24pumdust
emissiorcouldhave also contributedto thedifferencedetweerthe
7 um/15 pm relation obsened with ISO and the (PAH 8 um)/
24 umrelationobsened with Spitzer Basedon semi-empiricabnd
theoreticalmodels,the 24 pm bandis expectedto increasefaster
thanthe 15 um as theilluminating radiation eld increase¢Dale
etal.2001;Li & Draine2001;Draine& Li 2007).Moreover, unlike
the 24 um band,a signi cant fraction of the 15 pum bandincludes
PAH emission(Draine& Li 2007;Smithetal. 2007).Consequently
acomparisorof PAH to 24 um datashouldexhibit morescatterthan
acomparisorof PAH to 15 pm data.
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Table 6. Slopesand intrinsic scatter for the best- tting line describing
(PAH 8 um)/160um surfacebrightnessatio versusradius?

Name Slope Intrinsic Spearmars rank
scatter correlation
coefcient?
NGC 628 $0.21+ 0.03 0.036 $0.80
NGC 925 $0.42+ 0.04 0.038 $0.74
NGC 2403 $0.83+ 0.03 0.29 $50.88
NGC 3031 0.05+ 0.02 0 0.11
NGC 3184 $0.125+ 0.03 0.11 $50.68
NGC 3351 $0.12+ 0.04 0 $0.68
NGC 3938 $0.18+ 0.04 0 $0.84
NGC 4254 $0.11+ 0.02 0.039 $0.74
NGC 4321 $0.16+ 0.02 0.00177 $0.73
NGC 4579 $0.04+ 0.08 0 $0.32
NGC 4725 0.12+ 0.05 0.130 0.18
NGC 5055 $0.23+ 0.02 0.28 $0.79
NGC5194 $0.22+ 0.02 1.07 0.71
NGC 6946 $0.188+ 0.016 0.069 $0.73
NGC 7793 $0.42+ 0.03 0 $0.90

8Theseslopesand intrinsic scattermeasurementarefor thelines t to the
datain Fig. 6. The dataaremeasuredvithin 45 arcsedinsin imageswith
the sameresolutionas the 160 um imagesIntrinsic scattermeasurements
of 0 are reportedwhenthe valuecalculatedwith equation(10) is negative;
this indicatesthat measurementincertaintiescan accountfor all of the
scatterin therelation.

bSpearmars rank correlationcoef cientmay have valuesbetweenS 1 and
1. A valuecloseto 1 indicatesa direct correlationbetweentwo values.A
valuecloseto S 1 indicatesaninversecorrelation.A valueof 0 indicatesno
correlation.

We alsofoundthatdifferencesn thedistribution of star-forming
regions within galaxies could in uence how the (PAH 8 um)/
24 umratiovarieswith 24 um surfacebrightnessln somegalaxies,
suchasNGC 3351and6946,thenucleuss thestrongessiteof SE
Hence thelocationexpectedo have thelowest(PAH 8 um)/24um
ratiowill correspondo thelocationwith thehighest24 um surface
brightnesssothedatawill shov thatthe (PAH 8 pm)/24 um ratio
decreasess the 24 um surface brightnessncreasesthusvarying
asexpectedfrom mary modelsof dustemission(e.g.Dale et al.
2001;Li & Draine2001;Draine& Li 2007).In othergalaxies,such
asNGC 925 and 2403, the nucleusis not the site of the strongest
SFactiity, and mary H i regionscanbefoundat the peripheryof
theregionsthatweredetectedatthe3 level in thesedata.While
point-like 24 um sourcesshouldcorrespondo H it regions(Calzetti
etal. 2007;Prescotetal. 2007),dustemissionmodelssuchasthose
presentedy Li & Draine(2001),Daleet a. (2001)andDraine&
Li (2007)suggesthatdiffuse24 pum dustemissionmaystill poten-
tially originatefrom regionsoutsidestarforming regionswith high
radiation elds. Furthermore,ionising photonsmay escapefrom
starforming regions into the diffuse ISM (Oey et a. 2007),and
resultsfrom Calzettietal. (2007)suggesthat24 um emissionmay
tracethe recombinatiorine emissionfrom the diffusegasheated
by thesephotons.Hence,it is possiblethat the infrared-brightest
regionsin the centresof somegalaxiesmay containa higherfrac-
tion of 24 um emissionfrom diffuse dustthan the infrared-fint
regions,so the (PAH 8 um)/24um ratiowill increaseasthe24 um
surfacebrightnessncreasesascanbeseenfor NGC 925and2403
in Fig. 2.

Several mechanismsnay be responsibldor creatingthe differ-
encesn the spatialdistribution of the PAH 8 and24 pm emission.

First,astheilluminatingradiation eldincreaseghe24um band is
thoughtto increasemorerapidlythanbandshattracePAH emission
(Dale et a. 2001;Li & Draine2001;Draine& Li 2007).There-
fore, the 24 um emissionmay be morestrongly enhancedhanthe
PAH emissionin regions with very high radiation elds,suchas
starforming regions. Second,the PAHs may be destryed in re-
gionswith strongradiation eldsor in regionswith large numbers
of high-enegy photonge.g.Maddenet a. 2006).The PAHs would
be absentand the (PAH 8 pm)/24 um ratio would be low in the
centresof starforming regionsand AGN. Third, the ratio of the
7.7 um PAH featureto otherPAH featuresnayvary with changes
in the chage state of the PAHs (e.g. Allamandola, Hudgins &
Sandford1999;Li & Draine2001;Draine& Li 2007).This could
occur in Hu regions if the electron densitiesare high enough
that recombinationrates becomesigni cant comparedto pho-
toionizationrates,which would leadto a reductionof the PAH*
ions that producethe 7.7 um emission (Weingartner & Draine
2001).

While theenhancemenif 24 um emissionlinked to dustheating
in starforming regionsis certainlyat leastpart of the reasonwhy
the (PAH 8 um)/24 um ratio varies, we argue that the variations
mustalso be causedn partby areductionin PAH emissionin the
8 pum bandthrougheither PAH destructionor changesn therel-
ative strengthsof PAH spectralfeaturesModels of dustemission
have suggestedhat, if PAHs are presentand radiatingat 8 um,
the (PAH 8 um)/160um ratio would be enhancedn regionswith
very strongradiation elds, warmerdustand low (PAH 8 pm)/
24 um ratios (Draine & Li 2007). However, the (PAH 8 um)/
160 um ratio doesnot peakwithin individual star-forming regions
wherelocalminimain the(PAH 8 um)/24um ratioarefound,such
asthebrightextranuclearegionsin NGC2403,3184and3938.This
is bestdemonstratethy comparison®f the mapsof (PAH 8 pum)/
24 pm and (PAH 8 pum)/160pum ratiosat matchingresolutionsn
Fig. 4, althoughtheadditionaldiscussiorin Section4 andthemaps
in Fig. 1 aso supportthis conclusion.Furthermorefig. 7 demon-
stratesthatthe (PAH 8 pm)/160 um ratios are not always higher
in regionswith stronglyenhanced4 um emission.Accordingto
themodelsof Draine& Li (2007),the(PAH 8 um)/160um should
monotonicallyincreasewith the 24 um/160pum ratio in thesere-
gionsif PAHs arepresenaindif thePAH ionizationdoesnotchange.
Theseresultsindicatethatthe variationsin the (PAH 8 pm)/24um
ratiomustbein partcausedy thesuppressionf PAH 8 um emis-
sion.

ObsenationsofindividualH 11 regionswithin theMilky Wayhave
shavn thatthe PAH emissionmay be found primarily in shell-like
structuresaroundthe star-forming regions (e.g. Churchwellet al.
2006;Rhoet al. 2006;Smith& Brooks2007)andthatthe strength
of all PAH spectralfeaturesrelative to 24 pm hot dust emission
decreasewithin the centresof H 1 regions(e.g.Lebouteilleret al.
2007; Povich et al. 2007). If theseresultsare applicableto the
galaxiesin thispaperthentheinferreddecreasén the(PAH 8 um)/
24 um ratio within starforming regionsmay also be partly caused
by PAH destructionand notjust variationsin the strengthsof PAH
spectrafeaturesFurtherwork with mid-infraredspectroscopiob-
senationsof starformingregionswithin thesegalaxiesspeci cally
studiesof how thetotal emissionin all PAH spectralfeatureemis-
sionvarieswith respecto total dustemission,would be neededo
con rm thatPAH destructioris takingplace.

Althoughthe PAH 8 pm emissiondoesnot sharea one-to-one
correspondenceith 24 um emissionor with other SF tracerson
kiloparsecscales,this doesnot necessarilyprecludeits useas a
tracerof integratedSFwithin nearbyspiralgalaxies Thevariations
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Figure 7. Plotsof the (PAH 8 um)/160pum surfacebrightnessatiosversusthe 24 pm/160um surfacebrightnessatiosfor the 45 arcse@ regionsmeasured
in thesegalaxies.The 24 um/160um ratiosare usedasa proxy for dustheatinghere.

betweerPAH 8 um emissionandotherSFtracerscould potentially
be averagedout whenintegratingacrosshe optical discsof spiral
galaxies.However, because signi cant fractionof the PAH 8 um
emissionstill originatesfrom the diffuselSM, it would not be as
reliable as otherglobal SF tracers.Furthermore pecausehe ratio
of PAH to TIR ux and the ratio of PAH to 24 um ux density
varies with metallicity (Dale et a. 2005; Engelbrachtt al. 2005;
Calzettiet al. 2007; Draine et al. 2007; Engelbrachit al. 2008),
a conversion factorrelatingintegratedPAH 8 um emission to SF
may also vary with globalmetallicity.

We also note that variationsin metallicity could possibly pro-
ducevariationsin the (PAH 8 um)/24 um ratio obsened in the
galaxies studiedin this paper but thesevariations would not be
expectedo causehedifferencesn theratio betweerstarforming
regions and the diffuse ISM obsenred here. Moreover, the gas-
phaseabundancesfthegalaxiesin oursampleare well above 12 +
log(O/H) 8-8.1,wherePAH 8 um emissionshouldbe suppressed
asdeterminedy Draineetal. (2007)andEngelbrachgt a. (2008),
althoughNGC628,925,2403and3031all have characteristi@bun-

dance<loseto this value and might be affected.To examinethis
issuefurther we comparedheradialgradientdn the (PAH 8 um)/
24 um ratio to the radial gradientsin 12 + log (O/H) measured
by J. Moustakast a. (in preparationjusingthe Pilyugin & Thuan
(2005)calibrationfor 13 of thegalaxiesin our sample (Abundance
gradientsare not given by J. Moustakast a. for NGC 3938and
4579,and so thesegalaxiesare not includedin this comparison.)
The relation betweenthesetwo radial gradientscan be seenin
Fig. 10.If thevariationsin the (PAH 8 um)/24 um ratio depended
primarily on metallicity variations, then we would expectto see
a correlationbetweenthe gradientsin Fig. 10. However, the two
gradientsppearuncorrelatedwhichindicateshatthevariationsin
the (PAH 8 um)/24 um ratio thathave beenobsenred heredepend
primarily on effects unrelatedto metallicity. This conclusionfor
thesespiral galaxiesis also consistenwith theresultspresentedor
the spiral galaxy M101 by Gordonet al. (2008), who found that
PAH equivalent widthsappearednoredependenontheionization
of thel SM (characterizedsing[Nem]/[Ne n] and [Siv]/[S m]) than
12+ log(O/H).
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Figure7 — continued

5.2 Inter pretation of the relation betweenPAH 8
and 160um emission

The (PAH 8 um)/160 um ratio appeargo be closely correlated
with the 160 pum surface brightnesaneasurean 45 arcsecscales
in mostgalaxies,evenin nearbygalaxieswherethis angularscale
correspondso 1 kpc. Moreover, the (PAH 8 pm)/160um ratio

sometimedraceshigh surfacebrightnesdarge-scalestructuresin

the discsof thesegalaxies,suchasthe spiral aamsin NGC 3031
or 6946.This indicatesthat the variationsin the ratio may not be
primarily dependenbn radiusasinferred by Bendoet al. (2006)
but insteadmay be primarily dependenbn the 160 um surface

brightnessHowever, thelamge-scaletructureswithin thesegalaxies
areonly mamginally resohedin the 160 um data.Higherresolution
obsenations at wavelengthslonger than 100 um are needed to

con rm thatthis interpretatioris valid.

Nonetheless,if the above interpretationis correct,thenit also
suggestshatthe variationsin the (PAH 8 pm)/160um ratio may
be more dependenbn 160 pum surface brightnessthan metallic-
ity within the regionsstudiedin thesegalaxies.Sincevariationsin
metallicity have beenlinked to decrease®AH emissiorrelative to
longerwavelengthdustemissionin theintegratedspectreof galax-
ies (e.g. Dale et al. 2005; Engelbrachtet a. 2005; Draine et al.
2007;Engelbrachet al. 2008),it wasnot unreasonabléo expect
thattheobsened variationsin the (PAH 8 um)/160um ratio within
thesegalaxiesmight be linked to metallicity variations. However,
the 12+ log(O/H) values measuredn thesegalaxiesby J. Mous-
takaset d. (in preparation)generallydo not drop belov  8-8.1,
which is whereDraineet al. (2007)andEngelbrachtet a. (2008)
shavedthatmetallicity stronglyaffectsPAH 8 um emission.More-
over, metallicity is expectedo decreasenonotonicallywith radius,
while the(PAH 8 um)/160um ratioandthe 160um surfacebright-
nesgonot,andthemetallicity shouldnotpeakwithin substructures

suchasspiralarms,whereaghe (PAH 8 um)/160um ratio andthe

160um surfacebrightnesdoth peakwithin suchsubstructuresAs

an additionaltest,we comparedhe gradientsin the (PAH 8 um)/

160 pum ratio versus radius with the metallicity gradientsfrom

J. Moustakaset al. (in preparation)calculatedwith the Pilyugin

& Thuan (2005) calibration. For this comparison,we excluded
NGC 4725becausehe gradientdn the (PAH 8 pm)/160um ratio

changesigni cantly betweerthenucleusandtheouterdisc,andwe

excludedNGC 3938and4579becausa@abundancegradientsarenot

given by J. Moustakagt a. Thegradientdor theothergalaxiesare

plottedin Fig. 11. If the (PAH 8 um)/160um ratio was affected
by metallicity in the regions studiedin thesegalaxies,thenthese
datawould be positively correlated.Sincethe datain Fig. 11 do

not exhibit sucha correlation the two gradientamay be unrelated.
We thereforeconcludethat, in the regions of the galaxiesstud-

ied here, metallicity variations are not as importantas 160 pm

surface brightnessvariations in determiningthe (PAH 8 pum)/

160 pm ratio, athough metallicity may be a factor outsidethe
opticaldiscs.Again, thisis consistenwith theconclusiongeached
by Gordonet al. (2008), who found that PAH equivalent widths
in M101 were more dependenbn the ionizationof the ISM than
alundances.

While the(PAH 8 um)/160pm ratio tracedarge-scalestructure,
we have demonstratethattheratio is notenhancedvithin individ-
ual star-forming regions, and we explainedearlier in this section
thatPAH 8 pm emissionmustbe inhibitedin regionswith strong
radiation elds. Basedon theseconclusionsand the strongrela-
tion betweenthe (PAH 8 um)/160 um ratio and 160 um surface
brightnesswe infer thatthe PAHs in thesegalaxiesare generally
associatedvith thecold ( 20 K) dustthatdominateshe 160 um
emission at leaston scalesof 2 kpc. Becauseamostof this cold
dustmaybeexpectedo befoundin thediffuselSM, the PAHs may
alsobe found primarily in the diffuselSM as well, althoughsome
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Figure 8. Plotsof the 160 um/TIR surfacebrightnesgatiosversusTIR surfacebrightnessor the 45 arcseé regionsmeasuredn thesegalaxies. The grey
linesarethebest- tting linesfor therelationsin eachplot; sopesfor these tsaregivenin Table 7. Note thatthe uncertaintiesn the x- and y-directionsare

usedto weightthedatain the t.

of the cold dustand PAHs may also be foundwithin cloudsasso-
ciatedwith starforming regions.Moreover, sincethe (PAH 8 um)/
160um ratioincreasess the 160 um surfacebrightnessncreases,
the (PAH 8 um)/160um ratio may be an indicatorof variationsin
theintensityof theradiation eld heatingthe diffuselSM. Thisis
furthersupportedby thetight correlationbetweerthe (PAH 8 um)/
160 um and the 24 pm/160pum ratio foundfor mary regionswith
weak24 um emissionin Fig. 7, which are presumablyegionsthat
primarily sampledustemissionfromthediffusel SM. Nonetheless,
this interpretationis only valid if the PAH massfraction doesnot
vary appreciabhjbetweennfrared-tint andinfrared-brightregions
in thediffuselSM, andfarinfraredobsenationswith higherangu-
lar resolutionwill be neededo determinewhetherthis association
is still applicableon smallerspatial scales.

In most galaxies in this sample, the variation in the
(PAH 8 um)/160um ratiowith 160um surfacebrightnesss purely
driven by the decreasen 160 um emissionrelative to TIR emis-
sion,asthe(PAH 8 um)/TIR ratioremainsonstantvith TIR surface
brightnessln afew exceptionshowever, adeclineinthePAH 8 um
emissionrelative to TIR emissionis also partly responsibldor the
obsenred variations.This reductionof PAH emissionmay occur
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if the fraction of starlight from evolved red starsincreasesasthe

160 um surfacebrightnesgdecreasedn this scenariothe photons
in theilluminatingradiation eldwould havereducedenengies,and

thepeaktemperatureattainedby PAHSs following theabsorptionof

single photonswould be reduced Consequentlythe PAHs would

tendto radiateat longerwavelengthsandthe (PAH 8 um)/160um

ratiowould appearto decrease.

Wealsonotedthatthe(PAH 8 um)/160um ratiodropswithin the
high surfacebrightnesscentreof somegalaxieswithin this sample.
A coupleof mechanismsould beresponsibldor thisphenomenon.
First, AGN may beresponsibldor inhibiting the PAH 8 um emis-
sion eitherby changingtheionizationstate of the PAHs or by de-
stroying the PAHSs. This wasalsosuggestetby Smithetal. (2007),
who showedthatthe 7.7 um PAH spectralfeaturewassuppressed
within the centresof SINGS galaxies with low-luminosity AGN.
Mary of the galaxieswe obsered with suppressedPAH 8 pm)/
160um ratiosin their centresare objectsthatare classi ed as con-
taining AGN, althoughNGC 3184is a notableexception.Another
possibility is thatthe (PAH 8 um)/160um ratio dropsin regions
wherea signi cant fraction of the interstellarradiation eld origi-
natesfrom evolvedbulge stars.As explainedabove, PAHs maynot
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beheatedasstronglyby single photonsn suchradiation elds,and
therefore7.7 um emissionwill beinhibited.

6 CONCLUSION

WehaveshavnthattherelationbetweerPAH 8 and24 pm emission
in thissampleof spiral galaxiesexhibits signi cant scatteronscales
of 2kpc.Inparticular we have shawn thatthePAH 8 um emission
is relatively weak comparedto 24 pm emissionin starforming
regions, but the PAH 8 um emissionis relatively strongin the
diffuse ISM. In some casesthe (PAH 8 um)/24 um ratio may
exhibit variationsgreatetthanafactorof 2 at agiven 24 um surface
brightnessWe arguethattwo mechanismsre responsibldor these
variations: enhancement the 24 um emissionrelative to PAH
emissionin regions with very strongradiation elds with high-
enegy photonsand the correspondingeductionof PAH 8 um
emission.

We have alsoshawvn thatthe PAH 8 pm emissionis associated
with 160 um emissionon scalesof 2 kpc within thesespiral
gaaxies andthat the (PAH 8 um)/160 um ratio appeargo be a
function of 160 um surface brightnessThe scatterin the relation
is only at the 10 to 20 per cent level for a given surface bright-
nessandtheintrinsic scattermeasuredn the relationbetweerthe

(PAH 8 um)/160um ratioand160um surfacebrightnesss notably
lower thanfor the relationbetweenthe (PAH 8 pum)/24 um ratio
and24 pm surfacebrightnessWhile the (PAH 8 um)/160um ratio
appeardo decreasenonotonicallywith radiusin somegalaxies,
thepresencef peaksin the (PAH 8 um)/160um ratio correspond-
ing to large-scalestructureindicatesthat surface brightnessmay
be a moreimportantfactor and statisticaltestsof the best- tting
lines betweenthe (PAH 8 pum)/160 um ratio and either 160 um
surface brightnessor radius shaved that the dependencewith
160 pum surfacebrightnessvas moresigni cant. The strongcorre-
lation betweerthe (PAH 8 um)/160um ratioand160um emission
andtheresultsfrom the comparisorof PAH 8 and 24 um emission
suggesthatmostof the PAHs arelocatedin the diffuseISM with
the dustgrainsthat producethe majority of the 160 um emission.
We thereforesuggestthat the (PAH 8 um)/160 um ratio may be
indicative of theintensityof theinterstellaradiation eldthatheats
thediffuseinterstellardustin thesegalaxies.
TheresultshereindicatethatPAH emissionshouldbe usedvery
cautiouslyas a tracerof SF on kiloparsecscalesif it shouldbe
usedat all. Instead the PAH emissionmay be moreindicative of
the distribution of diffuse dust within nearbygalaxies, athough
PAH emissiongtill maybeaffectedoy metallicity (Daleet a. 2005;
Engelbrachét al. 2005;Calzettietal. 2007;Engelbrachét al. 2008),
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Table 7. Resultsfor the best- tting line describing
160um/TIR surfacebrightnessatio versusTIR sur-

facebrightness.

Name Slopé
NGC 628 $0.092+ 0.011
NGC 925 $0.098+ 0.017
NGC 2403 $0.130+ 0.005
NGC 3031 $0.186+ 0.012
NGC 3184 $0.057+ 0.009
NGC 3351 $0.173+ 0.013
NGC 3938 $0.070+ 0.015
NGC 4254 $0.088+ 0.014
NGC 4321 $0.113+ 0.009
NGC 4579 $0.15+ 0.02
NGC 4725 $0.083+ 0.013
NGC 5055 $0.089+ 0.006
NGC5194 $0.082+ 0.008
NGC 6946 $0.138+ 0.013
NGC 7793 $0.094+ 0.009

aTheseslopes are for the lines t to the datain
Fig. 8. The dataare measuredvithin 45 arcsedins
in imageswith the sameresolutionas the 160 um
images.

Table 8. Resultsfor the best- tting line describing
(PAH 8 um)/TIR surfacebrightnessatio versusTIR
surfacebrightness.

Name Slopé

NGC 628 0.073+ 0.012
NGC 925 0.237+ 0.018
NGC 2403 0.210+ 0.006
NGC 3031 $0.086+ 0.011
NGC 3184 0.037+ 0.009
NGC 3351 $0.087+ 0.012
NGC 3938 0.048+ 0.012
NGC 4254 0.000+ 0.010
NGC 4321 $0.018+ 0.007
NGC 4579 $0.06+ 0.03
NGC4725 $0.028+ 0.013
NGC 5055 0.013+ 0.006
NGC5194 0.062+ 0.006
NGC 6946 0.024+ 0.008
NGC 7793 0.183+ 0.010

3Theseslopes are for the lines t to the datain
Fig. 9. The dataare measuredvithin 45 arcsedcins
in imageswith the sameresolutionas the 160 pm
images.

andtheresultsheresuggesthat PAH emissionmight be inhibited
in the diffuse ISM if the radiation eld is very high. Follow-up
obserations with the HerschelSpaceObsenatory and the James
Clerk Maxwell Telescopewill allow for studyingthe correlation
betweenPAH and 20 K dustemissionon smallerspatial scales
in nearbygalaxies,thusplacingfurtherconstrainton the relation
betweerPAHs andcool dust.
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Figure 10. Plotof theradialgradientsn the(PAH 8 pm)/24pum ratiofrom
Table 4 versusradialgradientsn 12+ log (O/H) measuredby J. Moustakas
etal. (in preparation)usingthe Pilyugin & Thuan(2005)calibration.The
gradientsare in units of dex divided by the radiusof the Dys isophote.
Gradientsn 12 + log (O/H) werenot providedfor NGC 3938and4579.
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Figurell. Plotoftheradialgradientsn the(PAH 8 um)/160umratiofrom

Table 6 versusradialgradientsn 12+ log (O/H) measuredby J. Moustakas
etal. (in preparation)usingthe Pilyugin & Thuan(2005)calibration.The

gradientsare in units of dex divided by the radiusof the D,s isophote.
Gradientsin 12 + log (O/H) were not provided for NGC 3938and 4579,

andthe gradientsin the (PAH 8 pm)/160um ratio for NGC 4725change
signi cantly betweerthe centreand outerdisc, so thesethreegalaxiesare
notincludedin this plot.
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