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ABSTRACT
Weinvestigatetherelationsamongthestellarcontinuum-subtracted8 µm polycyclic aromatic
hydrocarbon(PAH 8 µm) emission,24µm hotdustemissionand160µm colddustemission
in 15 nearbyface-onspiralgalaxiesin theSpitzerInfraredNearbyGalaxiesSurvey sample.
The relation betweenPAH 8 and 24 µm emissionmeasuredin � 2 kpc regions is found
to exhibit a signi�cant amountof scatter, and strongspatialvariationsare observed in the
(PAH 8 µm)/24 µm surfacebrightnessratio. In particular, the (PAH 8 µm)/24 µm surface
brightnessratio is observed to be high in the diffuseinterstellarmediumandlow in bright
star-forming regions and other locationswith high 24 µm surfacebrightness.PAH 8 µm
emissionis found to be well-correlatedwith 160 µm emissionon spatialscalesof � 2 kpc,
andthe(PAH 8 µm)/160µm surfacebrightnessratio is generallyobserved to increaseas the
160µm surfacebrightnessincreases.TheseresultssuggestthatthePAHs areassociatedwith
the diffuse,cold dustthat producesmostof the 160 µm emissionin thesegalaxies,andthe
variationsin the(PAH 8 µm)/160µm ratiomaygenerallybeindicativeof either theintensity
or thespectrumof theinterstellarradiation�eld thatis heatingboththePAHs andthediffuse
interstellardust.

Key words: galaxies:ISM – infrared:galaxies.

1 I NTR ODUCTION

Observationsof nearbyspiralgalaxieswith theInfraredSpaceOb-
servatory(ISO) demonstratedthatpolycyclic aromatichydrocarbon
(PAH) spectralfeatureemissionat� 8µmiscloselyassociatedwith
hotdustemissionat15µm, andthe8 µm emission wasalso shown
tobecorrelatedwith otherstarformation(SF)tracers(Rousselet al.
2001;FörsterSchreiberet al. 2004).However, observationswith the
SpitzerSpaceTelescope(Werneret al. 2004)havedemonstratedthat
the correlationof PAH emissionat 8 µm to hot dustemissionat

� E-mail: g:bendo@imperial.ac.uk

24µm wasnotnecessarilyaone-to-onecorrelationwithin individ-
ual galaxies.Helou et al. (2004),Bendoet al. (2006)andGordon
et al. (2008) demonstratedthat, on scalesof hundredsof parsec,
continuum-subtractedPAH emissionat8µm(henceforthreferredto
asPAH 8µmemission)doesnotaccuratelytrace24µmemission.In
particular, PAH 8µmemissionseemstoappearin shell-likefeatures
aroundstar-forming regions, while 24 µm emissionpeakswithin
star-forming regions.Using imagesof M51, Calzettiet al. (2005)
demonstratedthatPAH 8 µm emissioncomparedto othertracersof
SF, including24µmemission,isdisproportionatelylow within star-
formingregionsanddisproportionatelyhighin diffuseregions.The
resultsfrom Calzettietal. (2007)show thatthe(PAH 8 µm)/24µm
emissionratio measuredin H II regionsis partly dependenton the
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630 G. J. Bendoetal.

Table1. Basicpropertiesof thesamplegalaxies.

Name Hubble Size of optical Inclination Position Distance Distance Nuclear 12+ log (O/H)g

typea disc(arcmin)a angleb anglec (Mpc)d referencee typef

NGC628 SA(s)c 10.5× 9.5 26� 25� 7.3± 1.4 1 SF 8.33± 0.02
NGC925 SAB(s)d 10.5× 5.9 58� 102� 9.12± 0.17 2 SF 8.24± 0.01
NGC2403 SAB(s)cd 21.9× 12.3 58� 127� 3.13± 0.14 2 SF 8.31± 0.01
NGC3031 SA(s)ab 26.9× 14.1 60� 157� 3.55± 0.15 2 AGN 8.40± 0.01
NGC3184 SAB(rs)cd 7.4 × 6.9 22� 135� 11.1± 1.9 3 SF 8.48± 0.02
NGC3351 SB(r)b 7.4× 5.0 49� 13� 9.3± 0.4 2 SF 8.61± 0.01
NGC3938 SA(s)c 5.4 × 4.9 25� 42� � 13.4± 2.3 4 SF 8.44± 0.18
NGC4254 SA(s)c 5.4 × 4.7 30� 68� � 16.5± 0.6 5 SF 8.46± 0.02
NGC4321 SAB(s)bc 7.4 × 6.3 32� 30� 14.3± 0.5 2 AGN 8.50± 0.04
NGC4579 SAB(rs)b 5.9× 4.7 38� 95� 16.5± 0.6 5 AGN 8.55± 0.18
NGC4725 SAB(r)abpec 10.7× 7.6 46� 35� 11.9± 0.3 2 AGN 8.40± 0.05
NGC5055 SA(rs)bc 12.6× 7.2 57� 105� 7.8± 2.3 4 AGN 8.42± 0.04
NGC5194 SA(s)bcpec 11.2× 6.9 20� 170� 8.4± 0.6 6 AGN 8.54± 0.01
NGC6946 SAB(rs)cd 11.5× 9.8 32� 80� � 6.8± 1.7 7 SF 8.40± 0.04
NGC7793 SA(s)d 9.3 × 6.3 49� 98� 3.9± 0.4 8 SF 8.27± 0.03

aThesedataaretakenfrom deVaucouleursetal. (1991).Theopticaldiscis thesize of theD25 isophote.
bThe inclinationsarecalculatedusing the dimensionsof the galaxiesandequation(6). An exceptionis madefor NGC 5194,wherethe inclination from
Garć�a-Gómezetal. (2002)was used.
cThepositionanglesaremeasuredin degreesfrom norththrougheast.Thesedataaretakenfrom deVaucouleurset al. (1991)whengiven. Thepositionangle
for NGC 5194was takenfrom Garć�a-Gómezet al. (2002).Positionanglesmarkedwith anasteriskare measuredin the3.6 µm datausingtheIDL � t ellipse
programby D. Fanning(accessiblefrom http://www.dfanning.com/documents/programs.html).Thesepositionangleshaveuncertaintiesof � 5� .
dThesedistancesarepart of acompilationof distancefor thecompleteSINGSsamplewill bepresentedin J.Moustakasetal. (in preparation).
eDistancereferences– (1) Sharina,Karachentsev & Tikhonov (1996);(2) Freedmanet al. (2001);(3) Leonardet al. (2002);(4) Masters(2005);(5) Mei et al.
(2007);(6) Feldmeier, Ciardullo& Jacoby(1997);(7) Karachentsev, Sharina& Hutchmeier(2000)and(8) Karachentsev etal. (2003).
f Thenucleustypesare basedon theanalysisof theopticalspectrophotometricpropertiesby J. Moustakaset al. (in preparation).Thespectraltype indicates
whetherthecentreof eachobjectis dominatedby SFor anactivegalacticnucleus(AGN) [seeJ.Moustakasetal. (in preparation)for moredetails].
gTheseare the characteristicnebular oxygenabundancespresentedby J. Moustakaset al. (in preparation)using the Pilyugin & Thuan(2005)strong-line
calibration.They arerepresentative of the mean,luminosity-weightedoxygenabundanceof eachgalaxy. Note that the uncertaintiesonly includestatistical
measurementerrors,and do not includeany systematicuncertaintiesin theadoptedabundancescale(seeJ.Moustakaset al., in preparationfor moredetails).
AlthoughJ. Moustakaset al. alsopresentabundancesbasedon theKobulnicky & Kewley (2004)strong-linecalibration,we adopttheabundancesbasedon
thePilyugin & Thuan(2005)calibrationbecausethey arecomparableto theabundancesusedby Engelbrachtet al. (2008).

apertureusedfor measuringthe � ux densities,which also suggest
thatasigni�cant fractionof PAH 8µmemissionoriginatesfromout-
sidetheH II regions.Thilkeretal. (2007)alsodemonstratedthatthe
(PAH 8 µm)/24µm ratio of H II regionsin NGC 7331maydepend
on infrared,H� or ultraviolet surface brightnessafter corrections
for dustextinctionhavebeenapplied,whichimpliedthatPAH 8µm
emission is suppressedwithin strong star-forming regions.
Engelbrachtet al. (2005),Dale et al. (2005),Draineet al. (2007)
and Engelbrachtet al. (2008) have demonstratedthat the global
8 µm/24 µm emissionratio may decreasein regions with lower
metallicity, and Calzetti et al. (2007) also demonstratedthat this
ratio for H II regionsin othergalaxiesdependson metallicity. Al-
thoughthesestudies,basedon Spitzerdata,have shown explicitly
or implicitly that the relation between8 µm PAH emissionand
24 µm emissionon � 1 kpc scalesis not a one-to-onerelation,no
studyhasyet exploredvariation in the (PAH 8 µm)/24 µm ratio
betweendiffuseandstar-forming regionswithin a broadrangeof
spiralgalaxies.

While mostresearchhasfocusedon comparisonsbetweenPAH
emissionandhotdustemission,someadditionalstudieshavecom-
paredPAH emissionto cold dustemissionat wavelengthslonger
than100µm. Using ISOdata,Mattila, Lehtinen& Lemke (1999)
andHaas,Klaas& Bianchi (2002)demonstratedthat PAH emis-
sion at 8 µm is correlatedwith large grain emission,and Haas
et al. (2002)evenarguedthat thecorrelationbetween8 µm emis-
sion and cold dust emissionat 850 µm was much strongerthan
thecorrelationbetween8 and 15 µm emission.UsingSpitzerdata,

Bendoet al. (2006) demonstratedthat PAH 8 µm emission was
correlatedwith 160 µm cold dust emission in NGC 4631, but
the ratio of (PAH 8 µm)/160 µm emissionvaried.Although the
(PAH 8 µm)/160 µm ratio appearedrelatedto the infrared sur-
face brightnessin NGC 4631, Bendo et al. (2006) usedbright
infrared sourcesin the outer disc to argue that the variationsin
the (PAH 8 µm)/160 µm ratio are insteaddependenton radius.
Given that the ratio of PAH emissionto dust emissionat longer
wavelengthsor theratio of PAHs to total dustmassmayvary with
metallicity (Daleet al. 2005;Engelbrachtet al. 2005;Draineet al.
2007;Smithetal. 2007;Engelbrachtet al. 2008)andthatmetallic-
ity is generallyexpectedto vary with radiuswithin spiralgalaxies
(e.g.Searle1971;Webster& Smith1983;Vila-Costas& Edmunds
1992; Zaritsky, Kennicutt& Huchra1994; van Zee et al. 1998;
Pilyugin, V�́lchez& Contini 2004;J. Moustakaset al., in prepara-
tion), the resultsfrom NGC 4631suggestedthat the variationsin
(PAH 8 µm)/160µm ratio within that galaxy could be relatedto
metallicity. Unfortunately, NGC 4631is viewed edge-on,so local
variations in the observed (PAH 8 µm)/160µm ratio that arenot
dependentonradiusmaybesuppressedby theline-of-sightintegra-
tionsthroughthedisc.Variationsin the(PAH 8 µm)/160µm ratio
andits dependenceon both infraredsurfacebrightnessandradius
needto be studiedfurther using spiral galaxies with orientations
closerto face-on.

In this paper, we examinethe relationof PAH 8 µm emission
to both 24 µm hot dustemissionand 160 µm cold dustemission
in a set of 15 face-onspiral galaxiesobserved by Spitzeraspart
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Table 2. Uncertaintiesin thesurfacebrightnessratios
relatedto matchingimagecoordinatesystems.

Surfacebrightnessratio Uncertainty

I � (PAH 8 µm)/ I � (24µm) 0.005
I � (PAH 8 µm)/ I � (160µm) 0.0015

� I � (PAH 8 µm)/I(TIR) 0.007
I � (24µm)/ I � (160µm) 0.005
� I � (160µm)/ I (TIR) 0.02

of the SpitzerInfrared NearbyGalaxiesSurvey (SINGS) legacy
project(Kennicuttetal. 2003).Thebasicgoalis to understandhow
PAH 8µmemissionis relatedtodustemissionat otherwavelengths.
Section2 providesbasicinformationonthewavebandsusedin the
analysis,theobservationsanddatareductions,thesampleand the
preparationof the datafor the analysis.The comparisonbetween
PAH 8 and 24 µm emission is presentedin Section 3, and the
comparisonbetweenPAH 8 and160 µm emissionis presentedin
Section4.Theanalysisis thenfollowedbyadiscussionin Section5
andconclusionsin Section6.

2 DATA

2.1 Waveband information

Here, we present backgroundinformation on the 8, 24 and
160 µm bandsusedfor the analysisin this paper. This informa-
tion also includessome caveats that should be consideredwhen
interpretingtheresultsfrom thesedata.

Channel4 of the Infrared Array Camera(IRAC; Fazio et al.
2004) covers a region centred on 8.0 µm that includes the
7.7 µm PAH featureas well as somestellarcontinuumandsome
hotdustemission(e.g.Smithetal. 2007).For theanalysishere,the
stellarcontinuumis subtractedusing3.6µm datafrom channel1 of
IRAC. AlthoughthePAH emissionfeaturesarevery prominentin
this8 µm band,thermalemissionfrom largergrainsmaycontribute
signi�cantly to emissionin this bandin regionswith very intense
radiation� elds(Draine& Li 2007).

The 24 µm detectorof the Multiband ImagingPhotometerfor
Spitzer(MIPS;Riekeet al. 2004)mostlydetectshot (� 100K) dust
emissionwithin nearbygalaxies.In environmentswith low radia-
tion � elds,thisdustemissionmayoriginatefrom mostlytransiently
heatedsmallgrains,but in regionswith highradiation� eldssuchas
star-formingregions,theemissionconsistsof mostlythermalemis-
sionfrom grainsat equilibrium temperaturesof � 100K (e.g.Li &
Draine2001;Draine& Li 2007).Therelative contribution of dust
at � 100K is expectedto bestronglydependenton thestrengthof
the illuminating radiation� eld. Consequently, the 24 µm band is
predictedto increasemorerapidly thanotherinfraredbandsasthe
illuminatingradiation� eldincreases,ashasbeenshown with many
physical and semi-empiricalmodelsof dust emission (e.g. Dale
et al. 2001;Li & Draine2001;Draine& Li 2007).Multiple stud-
ies with Spitzerdatahave shown that the 24 µm emissionfrom
point-like sourcescorrespondsto H II regionsvisible in opticaland
ultraviolet wavebands,so the24µm bandmaybeusedto measure
SF activity (Calzetti et al. 2007; Prescottet al. 2007).Extended
24 µm emission, however, may originate from outsideof star-
forming regionsin thediffuseinterstellarmedium(ISM).

The 160 µm MIPS detectormainly tracescold (� 20 K) dust
emissionthatmaybeassociatedwith cirrusdustin thediffuseISM
(e.g.Draineet al. 2007).Becausethe 160 µm bandsamplesdust

emissionnearthe peakof the spectralenergy distribution in the
galaxiesin this sample(Daleet al. 2005),the160µm bandshould
be tightly correlatedwith the total infrared(TIR) luminosity. This
is explainedin thefollowing proof.For thermalemissionmodi�ed
by anemissivity functionthatscalesas� � , thetotalenergy emitted
in a single wave band (� L� ) shouldscaleas

�L � �
� (4+ � )

ex Š 1
(1)

where

x =
h�
kT

. (2)

Thetotal integratedthermalemissionLtotal will scaleaccordingto

L total � T (4+ � ). (3)

Theratio of � L� to Ltotal will beapproximatelyconstant(e.g.inde-
pendentof graintemperature)whenit isclosetoamaximum,which
occurswhen

xex

ex Š 1
= 4 + �. (4)

Sinceex � 1, then

T �
1

4 + �
h�
k

. (5)

Assumingthat� equals2 (Li & Draine2001),thisconditionismet
at160µm whenthedusttemperatureis � 15K. Becausethepeakof
thespectralenergy distribution is actuallyat a shorterwavelength
than160µm, theratioof 160µm emissionto TIR emissionshould
decreaseslightly astheilluminating radiation� eld increases.

2.2 Observationsand data reduction

We usethe3.6,8.0,24, 70 and160µm datatakenwith Spitzeras
part of SINGS.The 3.6 and8.0 µm observations wereperformed
with IRAC. Theobservations for eachobjectconsistedof a series
of 5 × 5 arcmin2 individual framestaken in eithera mosaicor a
single � eld dither pattern.The 24, 70 and 160 µm observations
performedwith MIPS are composedof two scan mapsfor each
target.Eachobjectwasobservedtwicein eachwavebandto identify
and remove transientphenomena,particularly asteroids.The full
widthat half-maxima(FWHM) of thepointspreadfunctions(PSFs),
asstatedin theSpitzerObserver’s Manual(SpitzerScienceCentre
2006),1 are 1.7, 2.0, 6, 18 and 38 arcsecat 3.6, 8.0, 24, 70 and
160 µm, respectively. Detailsof the observations canbe foundin
thedocumentationfor theSINGSfourthdatadelivery (SINGSTeam
2006).2

TheIRAC datawereprocessedusingtheSINGSIRAC pipeline,
which combinesmultiple framesof datausinga drizzletechnique.
A descriptionof thetechniqueis presentedin Reganet al. (2006).
The � nal imagesmaycontainresidualbackgroundemissionfrom
thetelescopeorsky thatissubtractedduringtheanalysis.TheMIPS
datawereprocessedusing the MIPS DataAnalysisTools version
3.06(Gordonetal. 2005).Additionalsoftwarewasusedto remove
zodiacallight emissionandimprove the � at-�elding in the24 µm
dataandto remove short-termvariationsin thebackgroundsignal
(commonlyreferredto as drift) in the 70 and160 µm data.Any
additionalbackgroundoffset left in the� nal imageswasmeasured
in regionsoutsidetheoptical discsand subtracted.Additional de-
tails arepresentedin Bendoet al. (2006).Full detailson the data

1 http://ssc.spitzer.caltech.edu/documents/som/
2 Availableathttp://ssc.spitzer.caltech.edu/legacy/singshistory.html
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Figure 1. Imagesof thePAH 8 µm emissionat the resolutionof the IRAC data(left-handcolumn),the (PAH 8 µm)/24µm surfacebrightnessratio at the
resolutionof the24 µm data(centrecolumn)andthe(PAH 8 µm)/160µm surfacebrightnessratio at theresolutionof the160µm data(right-handcolumn)
for the15 galaxiesstudiedin this analysis.The threemapsfor eachgalaxyarescaledto thesamesize. North is up andeastis left in eachmap.Thestellar
continuumhasbeensubtractedfrom the8 and 24 µm bandsto producethesemaps.Thecontourlevelsin theratio mapsarechosento show structurewithout
showing excessive scatterfrom noise.Thecolourbarsgive thevaluesof thecontourlevels.Theredcoloursin theratio mapscorrespondto relatively weak
PAH 8 µm emission,andthebluecolourscorrespondto relatively strongPAH 8 µm emission.White regionsin theratiomapscorrespondto regionswith low
signal-to-noiseratios,regionswith foregroundstarsor regionsstronglyaffectedby artefactsin thedata.In thePAH 8 µm imageof NGC 3351,stripsof data
to thenortheastand southwestof thecentrehave beenstronglyaffectedby muxbleedandhave beenmaskedout in theratio maps.Thecircle in thetop right
cornerof the(PAH 8 µm)/160µm ratiomapsshows the38arcsecFWHM of the160µm beam.

processingarealso available in the SINGSdocumentationfor the
fourthdatadelivery (SINGSTeam2006).

2.3 Sampleselection

To performthis analysis,we needto resolve substructuresin the
160 µm images,which have PSFswith FWHM of 38 arcsec.We

thereforelimit the sampleto spiral galaxiesin SINGS wherethe
major axes of the D25 isophotespeci�ed by de Vaucouleurset al.
(1991)arelarger than5 arcmin.Since we want to be ableto dis-
tinguishbetweenradialcolourvariationsandcolour variationsre-
latedto thepresenceof substructuresand sincesuchsubstructures
are dif�cult to study in edge-ongalaxies,we only use galaxies
that are inclined less than � 60� . The inclinationsare calculated
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Figure1 – continued
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Figure1 – continued
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Figure1 – continued
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Figure2. Plotsof the(PAH 8 µm)/24µm surfacebrightnessratiosversusthe24µm surfacebrightnessesfor the45 arcsec2 regionsmeasuredin thesegalaxies.
Notethat thedataareextractedfrom imageswith thesameresolutionas the160µm data.This was donesothatresolutioneffectswill not bea factorwhen
comparingthedatain this �gure to thedatain Fig. 5. Thegrey linesarethebest-�tting linesfor therelationsin eachplot; slopesand intrinsicscattersfor these
�ts aregiven in Table3. Notethattheuncertaintiesin thex- and y-directionsareusedto weightthedatain the� t.

using

i = cosŠ1

� �
q2 Š q2

o

1 Š q2
o

�

. (6)

Thevalueq is theobserved (projected)minor-to-majoraxis ratio.
The value qo is the intrinsic optical axial ratio (the ratio of the
unprojectedopticalaxisperpendicularto theplaneof thegalaxy to
thediameterof thedisc),which is equivalent to 0.20for mostdisc
galaxies(Tully 1998).Becausetheopticaldiscof NGC 5194may
bedistortedby its interactionwith NGC5195,its inclinationisnot
calculatedusingthisequation.Instead,theinclinationaswell asthe
position angle given by Garć�a-Gómez,Athanassoula& Barber̀a
(2002)areusedfor theanalysis.

Six of the SINGSgalaxies that meetthe above criteria are un-
suitablefor theanalysis.NGC1512and4826arenotusedbecause
only thecentralregionsweredetectedat the5� levels in all of the
convolved maps(describedin thenext section).The8.0µm images
of NGC 1097,1566 and 4736 are heavily affectedby muxbleed
artefacts(arti�cially brightcolumnsof pixels associatedwith high-

surface-brightnesssources)that crossover signi�cant fractionsof
theopticaldiscs,sothosedataarenotusablefor thisanalysis.Two
very bright foregroundstarsin the 3.6 µm and 8.0 µm imagesof
NGC3621causeproblemsin theanalysis,soNGC3621needstobe
excludedfrom thesampleas well. Theother15 galaxiesthatmeet
theabovecriteria,whichareroughlyuniformly distributedbetween
HubbletypesSabandSd, arelistedin Table1 alongwith theinfor-
mationon thegalaxies’ morphologies,opticalaxes,distances,nu-
clearspectraltypesandnebular oxygenabundances[12+ log(O/H),
which is treatedasrepresentative of theglobalmetallicitiesof the
galaxies].

2.4 Data preparation

Many Spitzerstudiesof infraredcolour variationswithin individ-
ual galaxieshave reliedon � ux densitiesmeasuredwithin discrete
subregions that are choseneither by eye or by sourceidenti�ca-
tion software.However, thisselectionprocessmaybebiased.Some
subregionswithin thegalaxymight beexcludedfrom theanalysis,
especiallyif the regions areselectedby eye, andregion selection
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Table 3. Slopesand intrinsic scatter for the best-�tting line
describing(PAH 8 µm)/24 µm surfacebrightnessratio versus
24µm surfacebrightnessdensity.a

Name Slope Intrinsic
scatter

NGC 628 Š0.030± 0.015 0.20
NGC 925 0.15± 0.02 0.69
NGC 2403 0.090± 0.008 1.91
NGC 3031 Š0.270± 0.011 0.93
NGC 3184 Š0.030± 0.011 0.13
NGC 3351 Š0.32± 0.02 0
NGC 3938 Š0.035± 0.015 0.14
NGC 4254 Š0.085± 0.013 0.0011
NGC 4321 Š0.128± 0.010 0.14
NGC 4579 Š0.18± 0.03 0
NGC 4725 Š0.121± 0.017 0.12
NGC 5055 Š0.041± 0.007 0.43
NGC 5194 Š0.038± 0.008 0.89
NGC 6946 Š0.21± 0.02 0.069
NGC 7793 0.043± 0.011 0.13

aTheseslopes and intrinsic scatter measurementsare for the
lines �t to the datain Fig. 2. The dataaremeasuredwithin 45
arcsecbins in imageswith the sameresolutionas the 160 µm
images.Intrinsic scattermeasurementsof 0 are reportedwhen
thevaluecalculatedwith equation(10) is negative; this indicates
thatmeasurementuncertaintiescanaccountfor all of thescatter
in therelation.

may also be biasedtowardsregions that appearbright in a spe-
ci�c wave band.To avoid this bias, we divide eachgalaxy into
45 arcsec2 regionsandextract surfacebrightnessesfor all usable
regionswithin theopticaldiscsof thegalaxies.Thisapproachsam-
plesthewholeof thegalacticdiscandavoidsany subjectivebiases.
Wechooseto use45arcsecregionsbecauseit isan integermultiple
of the pixels usedin the original images,and it is larger thanthe
38 arcsecFWHM of the160µm images.Note that45 arcseccor-
respondsto physicalscalesof � 0.7–3.6kpc for thegalaxiesin this
sample.

First, the dataare convolved with kernels that match the PSFs
of the imagesin the 3.6, 8, 24 and 70 µm bandsto the PSFof
the160µm data,which hasa FWHM of 38 arcsec.Theconvolu-
tion kernelswerecreatedby Gordonet al. (2008)using the ratio
of theFourier transformsof the input andoutputPSFs,with high-
frequency noisesuppressedin the input PSFs.3 By doingthis, it is
possibleto directly comparesurfacebrightnessesmeasuredin the
sameaperturesin differentwave bandswithout applyingany aper-
ture corrections.Next, the coordinatesystemsacrossall the wave
bandsare matchedto eachother using point-like sources(stars,
backgroundgalaxiesor infrared-brightregionswithin thegalaxies)
or thecentresof thegalaxiesasguides.Thebackgroundin theIRAC
datawas thensubtractedfrom theimages.Following this, thedata
arerebinnedinto45arcsec2 regionssuchthatthecoordinatesof the
rebinnedpixels matchacrossall wave bands.Becausethe centres
of the galaxiesare mappedinto the cornersof four pixels in the
MIPS images,thecentresof thegalaxiesfall at thecornersof four
45 arcsecbins. We then extract surface brightnessesfrom all
45arcsecregionswithin theopticaldiscsof thegalaxies.Weexclude
from theanalysisregionsnotdetectedatthe3� level in oneor more
wave bands,regionscontaminatedby emissionfrom bright fore-

3 The kernels are available at http://dirty.as.arizona.edu/� kgordon/mips/
conv_psfs/conv_psfs.html.

groundstars(identi�ed asunresolved sourcesin the unconvolved
IRAC datawith 3.6 µm/8 µm surface brightnessratios � 5) and
regionsaffectedby muxbleedat 8 µm. Additionally, we exclude
the centreof NGC 5195from the analysisof NGC 5194because
the dwarf galaxy causesconfusionwhen interpretingthe dataon
the spiral galaxy. To correctfor the diffusionof light throughthe
IRAC detectorsubstrate,the3.6and8.0µm dataaremultipliedby
the ‘ in�nite’ aperturecorrectionsdescribedby Reachet al. (2005)
(which shouldnot be confusedwith the typesof aperturecorrec-
tionsusedfor measuringthe� ux densitiesof unresolved sources).
The correctionfactorsare 0.944and0.737at 3.6 and8.0 µm, re-
spectively. Finally, wesubtractthestellarcontinuumfrom the8 and
24µm surfacebrightnesses(in MJysrŠ1) using

I � (PAH 8µm) = I � (8µm) Š 0.232I � (3.6µm) (7)

I � (24µm) = I � (24µm) Š 0.032I � (3.6µm), (8)

which were derived by Helou et al. (2004). For the galaxiesin
this analysis,this is a correctionof � 1–4 per cent to the 24µm
surfacebrightnessesbut acorrectionof � 5–25percentto the8µm
surfacebrightnesses.The stellar continuum-subtracted8µm data
are referred to as the PAH 8µm emissionthroughoutthis paper.
While thesestellarcontinuum-subtractedspectramaycontainsome
thermaldustemission,mostof theemissionshouldoriginatefrom
thePAH emissionfeatures,ashasbeendemonstratedbySmithetal.
(2007).We alsocalculatedTIR surfacebrightnessesusing

I (TIR) = 0.95�I � (PAH8 µm) + 1.15�I � (24µm)

+ �I � (70µm) + �I � (160µm) (9)

basedon equation(22) from Draine& Li (2007).
In the analysisof these45 arcsecregions,we assumethat the

backgroundnoise,which is measuredin off-target regions in the
images,is theonly sourceof uncertaintiesthatwill affect thisanal-
ysis.Uncertaintiesin thecalibrationwill only scalethedata,which
doesnot affect eithertheslopesof lines�t to thedatain log space
or thescatteraroundthebest-�tting lines.Uncertaintiesin themean
backgroundvalue subtractedfrom the datashouldbe negligible.
Theuncertaintiesfor theratiosof surfacebrightnessesin two wave
bandsalsoincludea termto accountfor uncertaintiesin 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 shouldeachsampleapproximately
one-quarterof the peakof the centralPSF. They should have the
samesurfacebrightnessratiosif the imagecoordinatesystemsof
differentimagesare matchedproperly, but, in practice,the ratios
vary by small amounts.Theseterms,which aregiven in Table 2
for theratiosusedin thispaper, adduncertaintiesof approximately
5–10percent.

We alsousemapsof the (PAH 8 µm)/24µm and (PAH 8 µm)/
160µmsurfacebrightnessratiosasadditionalaidsin theinterpreta-
tionof thedata.Tomaketheseratiomaps,weagain usetheconvolu-
tionkernelsof K. D.GordontomatchthePSFsof the3.6and8.0µm
imagesto the PSFin the longestwave band.Hence,the 3.6, 8.0
and24 µm imagesusedto producethe (PAH 8 µm)/24µm maps
have PSFswith FWHM of 6 arcsec,andthe 3.6, 8.0 and160 µm
imagesusedtoproducethe(PAH 8µm)/160µm maps have FWHM
of 38 arcsec.Thecoordinatematching,IRAC backgroundsubtrac-
tion, IRAC aperturecorrectionand stellar continuumsubtraction
stepsappliedto thesurfacebrightnessesmeasuredin the45 arcsec
regionsarealsoappliedto theimagesusedtomaketheseratiomaps.
Only pixels wherethe24µm dataweredetectedat the5� level and
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Figure 3. Plotsof the (PAH 8 µm)/24 µm surfacebrightnessratiosversusdeprojectedgalactocentricradii for the 45 arcsec2 regionsmeasuredin these
galaxies.Notethatthedataareextractedfrom imageswith thesameresolutionas the160µm data.Theradii arenormalizedby theradiusof theD25 isophote
given by deVaucouleursetal. (1991).Thegrey linesarethebest-�tting linesfor therelationsin eachplot; slopesand intrinsicscatterfor these�t s aregiven in
Table6. Only theuncertaintiesin the(PAH 8 µm)/24µm ratioareusedto weightthedatain the� t; theuncertaintiesin theradiusareassumedto benegligible
in this analysis.

wherethePAH 8and160µmdataweredetectedatthe10� level are
shownin themaps.Thesethresholdswereselectedto �lter outback-
groundnoiseandartefacts,whichiswhy thethresholddiffersamong
the three wave bands.Moreover, pixels above thesethresholds
roughlycorrespondto thepartsof thediscthatwerebinnedintothe
45 arcsecregionsdescribedabove. Additionally, foregroundstars
andany bright artefactsthatremainedin thedataweremaskedout
in the � nal ratio maps.Imagesof the PAH 8 µm emission, the
(PAH 8 µm)/24µm surfacebrightnessratio andthe(PAH 8 µm)/
160µm surfacebrightnessratioareshown in Fig. 1.

3 COMPARISONS OF PAH 8 AND 24 µm
EMISSION

The panels in the middle columns of Fig. 1 show how the
(PAH 8 µm)/24µm surfacebrightnessratio varieswithin thediscs
of thegalaxies.Theresolutionof themapsis 6 arcsec,whichallows
for seeing� nedetailswithin the images.If thePAH 8 µm surface
brightnessvaries linearly with the24 µm surfacebrightness,then

this quantityshouldbe constantacrossthediscsof thesegalaxies.
Instead,the(PAH 8 µm)/24µm ratio is seento vary signi�cantly.
In particular, the 24 µm emissionpeaksmore strongly in point-
like regions, which, according to the resultsfrom Calzetti et al.
(2007)andPrescottet al. (2007),are H II regions.In contrast,the
PAH 8µmemissionisstrongerrelativeto the24µmemissionin the
diffuseinterstellarregions.This is mostapparentwhencomparing
thearm andinterarmregionsof thegrand-designspiralgalaxiesin
this sample,notablyNGC 628,3031and5194.SomeH II regions
well outsidethecentresof thegalaxieshavevery low (PAH 8 µm)/
24 µm ratioseven comparedto the restof theoptical discsof the
galaxies,as canbeseenwith theH II region in thenortheastpart of
thediscin NGC3184andtheH II region in theeastpartof thedisc
in NGC 3938.

Plotscomparingcolourto surfacebrightnessareusedhereandin
thenext sectionto study thecorrelationbetweentwo wave bands.
In a � rst-orderapproximation,the PAH 8, 24 and 160 µm sur-
facebrightnessesareall correlatedwith oneanotherfor thesedata.
Hence,colourvariationsmaybedif�cult to seeor measurein plots
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Table 4. Slopesand intrinsic scatterfor the best-�tting line de-
scribing (PAH 8 µm)/24 µm surfacebrightnessratio versusra-
dius.a

Name Slope Intrinsic
scatter

NGC 628 Š0.07± 0.02 0.16
NGC 925 Š0.39± 0.03 0.23
NGC 2403 Š0.34± 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
NGC 4321 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
NGC 5194 0.09± 0.02 0.85
NGC 6946 0.14± 0.03 0.23
NGC 7793 Š0.103± 0.018 0.091

aThese slopes and intrinsic scatter measurementsare for the
lines �t to the data in Fig. 3. The data are measuredwithin
45 arcsecbins in imageswith thesameresolutionas the160µm
images.Intrinsicscattermeasurementsof 0 are reportedwhenthe
valuecalculatedwith equation(10) is negative; this indicatesthat
measurementuncertaintiescanaccountfor all of thescatterin the
relation.

directly comparingsurfacebrightnessesin two wave bands.This
is becausethe surfacebrightnessesvary by factors of � 100 but
the ratiosof the surfacebrightnessesvary by lessthana factorof
10. However, plots comparingsurfacebrightnessratiosto surface
brightnessescan moreclearly show deviations in the relationbe-
tweentwo wave bands,includingsystematicvariations in colour
relatedto surfacebrightness.If aone-to-onecorrespondenceexists
betweenthePAH and 24 µm surfacebrightnesses,thentheslopes
of thebest-�tting lines in theseplots would be closeto 0, andthe
scatterin theseplots would be small. Suchplots would be biased
towardsproducingrelationswith slopesof Š1 in log–logspaceif
thetwo wavebandswererandomlydistributed.However, sincethe
�ux densitiesin all wave bandswe studiedhereareapproximately
proportionalto eachother, suchbiaseswill notbepresent.To mea-
surethephysical (intrinsic) scatteraroundthebest-�tting line, we
will subtractthesumof thesquareof themeasurementuncertainties
fromthesumof thesquareof theresidualsfromthebest-�tting line.
This is given by

s2 =
�

(yi Š a Š bxi )2 Š
� �

� 2
xi + b2� 2

yi

�
, (10)

wherex andy areabscissaandordinatevalueswith corresponding
uncertainties� x and� y anda andb arethe y-interceptandslope
of the best-�tting line. A valueof 0 is reportedif the result from
equation(10) is negative, as this would indicatethat all of the
scatteraround the best-�tting line could be accountedfor by the
measurementuncertainties.

Fig. 2 shows how the (PAH 8 µm)/24 µm ratio varies with
24µmsurfacebrightnessamongthe45arcsec2 regionsdescribedin
Section2.4.Notethattheresolutionof thedatausedin this�gure is
matchedto the38arcsecresolutionof the160µmimagesso thatthe
resultsfromthese�gures canbemoreeasilycomparedto theresults
in Section4.Theslopesandintrinsicscatterfor thebest-�tting lines
aregivenin Table3. Thebest-�tting linesaredeterminedusingun-

certaintiesin boththex- and y-directionsto weightthedata,sothe
�ts arestronglyweightedtowardshigh surfacebrightnessregions.

Theslopesof thebest-�tting linesin Fig. 2 aregenerallynotsta-
tistically equivalent to 0, whichdemonstratesthatthe(PAH 8 µm)/
24µm ratiovarieswith surfacebrightness.In many galaxies(most
notablyNGC 3031,3351and6946), the (PAH 8 µm)/24 µm ra-
tio decreasesnotably as the 24 µm surfacebrightnessincreases.
Thesetendto be galaxieswith infrared-brightpoint-like nuclei.In
a few othergalaxies(e.g.NGC 2403and7793),the (PAH 8 µm)/
24 µm ratio increasesasthe 24 µm surface brightnessincreases.
Thedataforsomegalaxiesalsoshow abroadscatter, particularlyfor
galaxieswithout infrared-brightnuclei.For a given 24 µm surface
brightness,the(PAH 8 µm)/24µm ratio variesby over a factor of
2 in high signal-to-noiseregionsin NGC 925and2403.Although
bothof thesegalaxiesare� t with linearrelationsin Fig.2, thebroad
scatterindicatesthat such a �t is unrealistic,so the (PAH 8) and
24 µm emissionmustbe only weakly associatedwith eachother.
Also,somedatapointsfall well below thebest-�tting linesin Fig.2,
particularly in the plots for NGC 2403 and 3938.Theseregions
correspondto very infrared-brightstar-forming regions visible in
Fig. 1.

Fig. 1 doesnot reveal the presenceof any obvious dependence
of the(PAH 8 µm)/24µm on radius,but it is still usefulto measure
suchgradientsfor comparisonwith abundancegradients,especially
sinceit hasbeenshown that the (PAH 8 µm)/24 µm ratio varies
with metallicity (Daleet al. 2005;Engelbrachtet al. 2005;Calzetti
et al. 2007;Draineet al. 2007;Engelbrachtet al. 2008).The re-
lation betweenthe (PAH 8 µm)/24 µm ratio and radius for the
45 arcsec2 regions describedin Section 2.4 is shown in Fig. 3,
with slopesfor the best-�tting lines and intrinsic scattergiven in
Table4.Asin Fig. 2, theslopesvarysigni�cantly amongthegalax-
iesin thissample.Somegalaxieswith infrared-brightnuclei,suchas
NGC3351andNGC4579,havelargepositiveradialgradientsin the
(PAH 8 µm)/24µm ratio,andin NGC3031and6946,theinfrared-
bright nuclei fall below the relation betweenthe (PAH 8 µm)/
24 µm ratio and radius. In a few other galaxies(most notably
NGC 925and2403),theradialgradientin the(PAH 8 µm)/24µm
ratio is negative. As in therelationbetweenthe(PAH 8 µm)/24µm
ratio versus24 µm surfacebrightness,signi�cant scatteris seenin
somerelationsbetweenthe(PAH 8µm)/24µmratioandradius,and
someinfrared-brightregionsfall well below thebest-�tting lines,as
canbeseenmostclearlyin NGC2403and3938.Furtherdiscussion
concerninghow thesegradientsmightberelatedto radialgradients
in abundancesis presentedin Section5.1.

Overall, thesedatademonstratethattherelationbetweenPAH 8
and24 µm emissiononspatialscalessmallerthan� 2 kpcmayex-
hibit asigni�cant amountof scatter. Moreover, therelationbetween
the(PAH 8 µm)/24µm ratioandthe24µm surfacebrightnessdoes
not vary in away thatis easilypredictablewithin thesegalaxies.

4 COMPARISONS OF PAH 8 AND 160 µm
EMISSION

The panelsin the right-handcolumns of Fig. 1 show how the
(PAH 8 µm)/160 µm surface brightnessratio varies within the
samplegalaxies.Theresolutionof themapsis 38 arcsec.As with
the (PAH 8 µm)/24µm ratio, the (PAH 8 µm)/160µm ratio does
vary acrossthediscsof thesegalaxies,althoughthevariationsare
notablydifferent.The(PAH 8 µm)/160µm ratiogenerallyappears
to increaseas the160µm surfacebrightnessincreases.Moreover,
the (PAH 8 µm)/160µm ratioalsoappearsenhancedin large-scale
structureswithin the discs of thesegalaxies,such as the spiral
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Figure 4. Imagesof the(PAH 8 µm)/24µm surfacebrightnessratio at theresolutionof the160µm data(left-handcolumn),andthe(PAH 8 µm)/160µm
surfacebrightnessratioattheresolutionof the160µm data(right-handcolumn)for threegalaxieswith extranuclearstar-formingregionsthatareexceptionally
bright at 24 µm. Thesemapsdemonstratehow thelower resolutionaffectsthe(PAH 8 µm)/24µm ratio mapsandhow themapsstill differ in comparisonto
the(PAH 8 µm)/160µm ratiomaps.Thecircle in thetop right cornerof eachmapshows the38 arcsecFWHM of the160µm beam.SeeFig. 1 for additional
information.

armsin NGC 3031and6946.In thecentresof a few galaxies,the
(PAH 8 µm)/160µm ratioappearsto decreaseslightly. Thisismost
apparentin NGC 3184,4725 and 5055. The disc of NGC 4725
containsaring,sotheapparentdecreasein thecentral(PAH 8 µm)/
160 µm ratio could partly be relatedto an enhancementof the
(PAH 8 µm)/160µm ratio in thering.

Themapsalsoshow thatthe(PAH 8 µm)/160µm ratiodoesnot
necessarilypeak in the extranuclearstar-forming regions where
local minima in the (PAH 8 µm)/24 µm ratio are found. This

canbe seenmostdramaticallyin the imagesof NGC 2403,3184
and3938.To show that the differencesbetweenthe (PAH 8 µm)/
24 µm and (PAH 8 µm)/160 µm ratio mapsare not the result
of resolutioneffectsfor thesethreegalaxies,we show both ratio
mapsfor dataat a resolutionof 38 arcsecin Fig. 4. Even at this
resolution,the infrared-brightH II regionslocatedin the northeast
part of the disc nearthe nucleusof NGC 2403, in the northeast
part of the disc in NGC 3184 and in the eastpart of the disc in
NGC 3938 are still identi�able in the (PAH 8 µm)/24 µm ratio
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Figure 5. Plotsof the (PAH 8 µm)/160µm surfacebrightnessratiosversusthe 160 µm surfacebrightnessesfor the 45 arcsec2 regionsmeasuredin these
galaxies.The grey lines arethe best-�tting lines for the relationsin eachplot; slopes,intrinsic scatterandcorrelationcoef� cientsfor these�t s are given in
Table5. Notethattheuncertaintiesin thex- and y-directionsareusedto weightthedatain the� t.

maps.However, thesethreeinfrared-brightH II regionsare indis-
tinguishablefrom the nearbydust emission in the (PAH 8 µm)/
160µm ratiomaps.Nonetheless,keepin mind thatenhancements
in the(PAH 8 µm)/160µm ratiosare still visible in thelarge-scale
structuressuchasthespiral armsin NGC 3031and6946.

Fig.5showshow the(PAH 8µm)/160µmsurfacebrightnessratio
varieswith 160µm surfacebrightnessamongthesamplegalaxies,
andtheslopesandintrinsicscatterfor thebest-�tting linesaswell as
Spearman’scorrelationcoef� cientsfor thedataaregivenin Table5.
Again, the best-�tting lines aredeterminedusinguncertaintiesin
boththex- and y-directionsto weightthedata.

For all galaxies in the sample,the (PAH 8 µm)/160 µm ratio
generallyincreasesas the 160 µm surface brightnessincreases,
althoughtheslopesof therelationsarerelatively shallow for some
galaxies,such as NGC 3031,3351and4725.If the slopesof the
best-�tting linesin Fig. 5 wereequivalent to 0, this would indicate
that a one-to-onecorrespondenceexists betweenthe PAH 8 and
160 µm bands.However, since the slopesare insteadall positive,
this indicatesthat the colours changefrom low to high surface
brightnessregions.

Thescatterin thedataaroundthebest-�tting linesgenerallyap-
pearsto be at the 10–20per cent level in many cases.According
to the intrinsicscattermeasurementusedhere,thescatterin many
of the plots canbe explainedmostly by uncertaintiesin the mea-
surements.For mostgalaxies,theintrinsicscattermeasurementsin
Table 5 are either similar to or notably lower than the values in
Table 3. Becausethe datausedfor Tables3 and 5 weremeasured
in imagesthatweredegradedto the resolutionof the160µm im-
ages,resolutioneffectsshouldnot be a factor in this comparison.
Hence,thiscomparisonbetweentheintrinsicscattermeasurements
demonstratesquantitatively that the relation betweenPAH 8 and
160µm emissionmayexhibit lessscatterthantherelationbetween
PAH 8 and 24 µm emission.

Also note that very low and very high surface brightness
45arcsecregionsin NGC5194and5055fall below thebest-�tting
line. A relatedphenomenonis visible in NGC 4725, where the
45 arcsecregionswithin the inner ring fall below the best-�tting
line in Fig. 5. The disparity in the slopesbetweenthe high and
low surfacebrightnessdatafor somegalaxiesdemonstratesthatthe
(PAH 8µm)/160µmratioeitherstopsrisingordecreasesin thehigh
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Table 5. Resultsfor the best-�tting line describing(PAH 8 µm)/160µm
surfacebrightnessratioversus160µm surfacebrightness.a

Name Slope Intrinsic Spearman’s rank
scatter correlation

coef�cient b

NGC628 0.188± 0.018 0 0.85
NGC925 0.37± 0.03 0 0.79
NGC2403 0.415± 0.012 0 0.93
NGC3031 0.11± 0.02 0 0.27
NGC3184 0.112± 0.017 0.034 0.70
NGC3351 0.08± 0.02 0 0.69
NGC3938 0.12± 0.02 0 0.82
NGC4254 0.093± 0.016 0.013 0.83
NGC4321 0.113± 0.015 0 0.78
NGC4579 0.11± 0.06 0 0.51
NGC4725 0.07± 0.03 0.17 0.12
NGC5055 0.111± 0.011 0.26 0.80
NGC5194 0.159± 0.012 0.56 0.80
NGC6946 0.179± 0.013 0.040 0.83
NGC7793 0.300± 0.019 0 0.88

aTheseslopesand intrinsic scattermeasurementsarefor thelines�t to the
datain Fig. 5. Thedataaremeasuredwithin 45 arcsecbins in imageswith
thesameresolutionasthe160µm images.Intrinsicscattermeasurementsof
0 arereportedwhenthevaluecalculatedwith equation(10) is negative; this
indicatesthatmeasurementuncertaintiescanaccountfor all of thescatterin
therelation.
bSpearman’s rankcorrelationcoef� cientmay have valuesbetweenŠ1 and
1. A valuecloseto 1 indicatesa direct correlationbetweentwo values.A
valuecloseto Š1 indicatesaninversecorrelation.A valueof 0 indicatesno
correlation.

surfacebrightnesscentresof thegalaxies,ascanalsobeseenin the
mapsof the(PAH 8 µm)/160µm ratio in Fig. 1 and in theplotsof
the(PAH 8 µm)/160µm ratioversusradiusin Fig. 6.

Fig. 1 illustrateshow the (PAH 8 µm)/160µm ratio may peak
outsidethenucleiof nearbygalaxies.Fromtheratiomapsalone,it
is apparentthatthe(PAH 8 µm)/160µm ratiodoesnot necessarily
monotonicallydecreasefrom thenuclei to theedgesof theoptical
discsas wassuggestedby Bendoet al. (2006).Both Fig. 6, which
plots the (PAH 8 µm)/160 µm ratio versusdeprojectedgalacto-
centricradiusfor 45 arcsecregionsin thesegalaxies,andTable6,
which givesthe slopesand intrinsic scattermeasurementsfor the
best-�tting lines in Fig. 6 as well as Spearman’s correlationco-
ef�cient for the relations,support this conclusion.First, notethat
the regions with the highest (PAH 8 µm)/160 µm ratios within
someof thesegalaxiesare found outsidethe nucleus.As canbe
seenin Fig. 1, the regions with enhanced(PAH 8 µm)/160 µm
ratiosmaycorrespondto spiralstructure,asis mostclearly seenin
NGC 3031and6946.In NGC 4725,the innerring hasthehighest
(PAH 8 µm)/160µm ratio,not thenucleus.Theintrinsic scatterin
the � ts versussurfacebrightnessis generallylower thanfor those
for the�ts versusradius.Moreover, Spearman’s correlationcoef� -
cientsfor therelationsbetweenthe(PAH 8 µm)/160µm ratio and
160 µm surface brightnessgenerallyhasa higherabsolutevalue
thanthecorrespondingcorrelationcoef� cientsfor the relationbe-
tween the (PAH 8 µm)/160 µm ratio and radius.Theseresults
suggestthat theratio maybemorestrongly dependenton 160µm
surfacebrightnessthanradius.

Sincethe (PAH 8 µm)/160µm ratio maybedependenton dust
heating,we also examinehow the ratio is relatedto the 24 µm/
160 µm ratio. The 24 µm band, which traces� 100 K hot dust
emission,increasesfasterthanother infraredband(including the

PAH 8 and160 µm bands)as the illuminating radiation� eld in-
creases(Daleet al. 2001;Li & Draine2001;Draine& Li 2007).The
160µm bandisapproximatelydirectlyproportionalto theTIR � ux,
as discussedin Section 2.1. Therefore,the 24 µm/160 µm ratio
shouldbea reasonableindicatorof dustheating.If themassfrac-
tion of PAHs remainsconstantandif the(PAH 8 µm)/160µm ratio
is dependenton dustheating,thenthe (PAH 8 µm)/160µm ratio
shouldmonotonicallyincreaseasthe24µm/160µmratioincreases,
althoughthe slope may not necessarilybe constant.This compar-
ison is similar to the direct comparisonbetweenthe PAH 8 and
24µm bandsperformedin Section3,but thenormalizationwith the
160 µm band removes variations related to dust surface
density.

Fig. 7 shows how the (PAH 8 µm)/160 µm ratio varies with
the 24 µm/160 µm ratio within 45 arcsecregions in the sample
galaxies.Many of the45 arcsecregionsthatarerelatively weakin
24 µm emissiontendto show a tight correspondencebetweenthe
(PAH 8 µm)/160µm and 24 µm/160µm ratios,but someregions
with enhanced24 µm emission appearfar to the right of these
curves. The most spectacularexample is NGC 3938, where the
ratiosfor mostof theregionscloselyfollow alinearrelationbut the
H II region on the eastside of the disc falls far to the right of this
relation.The relationbetweenthe two ratioson the left-handside
of thepanelsin Fig. 7 suggeststhat the(PAH 8 µm)/160µm ratio
is dependentondustheating,but theoutlierson theright-handside
in thesepanelsshow PAH 8 µm emissionis not enhancedin areas
with strongdustheatingsuchas H II regions.Furtherinterpretation
of theseresultsis presentedin thenext section.

For another perspective on the natureof the variation in the
(PAH 8 µm)/160 µm ratio, we examinedhow the 160 µm/TIR
and (PAH 8 µm)/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 stated in Sec-
tion 2.1, the 160 µm/TIR ratio shouldgraduallydecreaseasdust
temperaturesincreaseabove � 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 µm emission is strongly enhancedwithin
star-forming regions. The (PAH 8 µm)/TIR ratio is constantor
changesvery little in many galaxies (e.g. the slope of the best-
�tting line in Fig. 9 deviates less than 3� from 0), which in-
dicatesthat the (PAH 8µm) emissionis directly proportionalto
TIR emissionin thesegalaxies.Somescatterrelatedto the scat-
ter seenin Fig. 2 is visible in thesedataand, in somecases,the
infrared-brightestregionsnearthenucleusdeviatefrom thetrendin
(PAH 8 µm)/TIR ratioversusTIR surfacebrightness,whichmakes
the best-�tting lines appearpositive. In a few exceptionalgalax-
ies,however, the (PAH 8 µm)/TIR ratio increasesas TIR surface
brightnessincreases.Weconcludethatthevariationsin (PAH 8µm)/
160µm ratioaredriven by changesin 160µm emission relative to
totaldustemissioninall galaxiesandalsobychangesin(PAH 8µm)
emissionrelative to total dustemissionin somesituations.This is
discussedfurtherin thefollowing section.

5 DISCUSSION

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

The resultsin Sections3 and 4 demonstratethat the relationbe-
tween PAH 8 and 24 µm 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 µm)/160µm surfacebrightnessratiosversusdeprojectedgalactocentricradii for the 45 arcsec2 regionsmeasuredin these
galaxies.The radii are normalizedby the radiusof the D25 isophotegiven by de Vaucouleurset al. (1991).The grey lines arethe best-�tting lines for the
relationsin eachplot; slopesand intrinsic scatterfor these�ts aregiven in Table6. Only theuncertaintiesin the(PAH 8 µm)/160µm ratioareusedto weight
thedatain the� t; theuncertaintiesin theradiusareassumedto benegligible in this analysis.

resultsfrom comparisonsof 7 and15µm emissionhadimpliedthat
theratio of PAH to hot dustemissionshouldbe relatively uniform
acrossthediscsof mostgalaxies(e.g.Rousselet al. 2001).However,
someISOstudiesactuallyfoundsigni�cant variationsin the7 µm/
15µmratio(Haaset al. 2002),andevenstudiesthatdid � nduniform
7 µm/15µm colourswithin thediscsof galaxiesnotedthattheratio
might decreasewithin starbursts in the centresof somegalaxies
(Rousselet al. 2001).Thevariationsin the(PAH 8 µm)/24µm ratio
observed in this subsampleof SINGS galaxiesareconsistentwith
Spitzerresultsfor individual galaxies,suchas for M51 (Calzetti
et al. 2005), M81 (Perez-Gonzalezet al. 2006) and NGC 4631
(Bendoetal.2006).Moreover, we�nd that24µm emissionismore
peaked in the centresof H II regions while the PAH 8 µm emis-
sion is relatively strongeroutsideH II regions,which is consistent
with similarphenomenaobserved in NGC300(Helouetal. 2004),
NGC 4631(Bendoetal. 2006)andM101(Gordonetal. 2008).

The variationsin the (PAH 8 µm)/24 µm ratio are best seen
by comparingbright star-forming regions anddiffuseregions.If,
becauseof thelimited sensitivity of thedata,theratiobetweenPAH

andhotdustemissionisonlymeasuredin thebright regionsin some
galaxies,aswasdonebyRousselet al. (2001),thentheratiobetween
PAH andhotdustemissionmayappearuniform.Whenthesebright
regionsarecomparedto diffuseemission,however, variationsmay
beseenin the ratio of PAH to hot dustemission.This maybe the
primaryreasonwhy someresultsfrom ISOsuggestedthattheratio
of PAH to hot dustemissionwasuniform in mostspiral galaxies
whereasvariationsmaybeseenin Spitzerdata.

Additionally,differencesbetweenthenatureof 15and24µmdust
emissioncouldhavealsocontributedto thedifferencesbetweenthe
7 µm/15 µm relation observed with ISO and the (PAH 8 µm)/
24µm relationobserved with Spitzer. Basedonsemi-empiricaland
theoreticalmodels,the 24 µm bandis expectedto increasefaster
thanthe 15 µm as the illuminating radiation� eld increases(Dale
etal.2001;Li & Draine2001;Draine& Li 2007).Moreover, unlike
the24 µm band,a signi�cant fractionof the15 µm bandincludes
PAH emission(Draine& Li 2007;Smithetal.2007).Consequently,
acomparisonof PAH to24µmdatashouldexhibit morescatterthan
acomparisonof PAH to 15 µm data.
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Table 6. Slopesand intrinsic scatter for the best-�tting line describing
(PAH 8 µm)/160µm surfacebrightnessratioversusradius.a

Name Slope Intrinsic Spearman’s rank
scatter correlation

coef�cient b

NGC628 Š0.21± 0.03 0.036 Š0.80
NGC925 Š0.42± 0.04 0.038 Š0.74
NGC2403 Š0.83± 0.03 0.29 Š0.88
NGC3031 0.05± 0.02 0 0.11
NGC3184 Š0.125± 0.03 0.11 Š0.68
NGC3351 Š0.12± 0.04 0 Š0.68
NGC3938 Š0.18± 0.04 0 Š0.84
NGC4254 Š0.11± 0.02 0.039 Š0.74
NGC4321 Š0.16± 0.02 0.00177 Š0.73
NGC4579 Š0.04± 0.08 0 Š0.32
NGC4725 0.12± 0.05 0.130 0.18
NGC5055 Š0.23± 0.02 0.28 Š0.79
NGC5194 Š0.22± 0.02 1.07 0.71
NGC6946 Š0.188± 0.016 0.069 Š0.73
NGC7793 Š0.42± 0.03 0 Š0.90

aTheseslopesand intrinsic scattermeasurementsarefor thelines�t to the
datain Fig. 6. Thedataaremeasuredwithin 45 arcsecbins in imageswith
thesameresolutionas the160µm images.Intrinsic scattermeasurements
of 0 are reportedwhenthevaluecalculatedwith equation(10) is negative;
this indicatesthat measurementuncertaintiescan accountfor all of the
scatterin therelation.
bSpearman’s rankcorrelationcoef� cientmay have valuesbetweenŠ1 and
1. A valuecloseto 1 indicatesa direct correlationbetweentwo values.A
valuecloseto Š1 indicatesaninversecorrelation.A valueof 0 indicatesno
correlation.

Wealsofoundthatdifferencesin thedistributionof star-forming
regions within galaxies could in�uence how the (PAH 8 µm)/
24µm ratiovarieswith 24µm surfacebrightness.In somegalaxies,
suchasNGC3351and6946,thenucleusis thestrongestsiteof SF.
Hence,thelocationexpectedto havethelowest(PAH 8 µm)/24µm
ratiowill correspondto thelocationwith thehighest24µm surface
brightness,sothedatawill show thatthe(PAH 8 µm)/24µm ratio
decreasesas the24 µm surfacebrightnessincreases,thusvarying
asexpectedfrom many modelsof dustemission(e.g.Dale et al.
2001;Li & Draine2001;Draine& Li 2007).In othergalaxies,such
asNGC 925 and2403,the nucleusis not the site of the strongest
SFactivity, and many H II regionscanbefoundat theperipheryof
the regions thatweredetectedat the3� level in thesedata.While
point-like24 µm sourcesshouldcorrespondto H II regions(Calzetti
etal.2007;Prescottetal.2007),dustemissionmodelssuchasthose
presentedby Li & Draine(2001),Daleet al. (2001)andDraine&
Li (2007)suggestthatdiffuse24 µm dustemissionmaystill poten-
tially originatefrom regionsoutsidestar-formingregionswith high
radiation� elds.Furthermore,ionising photonsmay escapefrom
star-forming regions into the diffuse ISM (Oey et al. 2007),and
resultsfrom Calzettietal. (2007)suggestthat24µm emissionmay
tracethe recombinationline emissionfrom the diffusegasheated
by thesephotons.Hence,it is possiblethat the infrared-brightest
regionsin thecentresof somegalaxiesmaycontaina higherfrac-
tion of 24 µm emissionfrom diffuse dust than the infrared-faint
regions,so the(PAH 8 µm)/24µm ratiowill increaseasthe24µm
surfacebrightnessincreases,ascanbeseenfor NGC925and2403
in Fig. 2.

Several mechanismsmaybe responsiblefor creatingthediffer-
encesin thespatialdistribution of thePAH 8 and24 µm emission.

First,astheilluminatingradiation� eldincreases,the24µm band is
thoughtto increasemorerapidlythanbandsthattracePAH emission
(Dale et al. 2001;Li & Draine2001;Draine& Li 2007).There-
fore, the24 µm emissionmaybemorestrongly enhancedthanthe
PAH emissionin regions with very high radiation� elds,such as
star-forming regions.Second,the PAHs may be destroyed in re-
gionswith strongradiation� eldsor in regionswith largenumbers
of high-energy photons(e.g.Maddenet al. 2006).ThePAHs would
be absent,and the (PAH 8 µm)/24 µm ratio would be low in the
centresof star-forming regions and AGN. Third, the ratio of the
7.7µm PAH featureto otherPAH featuresmayvary with changes
in the charge state of the PAHs (e.g. Allamandola,Hudgins &
Sandford1999;Li & Draine2001;Draine& Li 2007).This could
occur in H II 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 µm emission (Weingartner & Draine
2001).

While theenhancementof 24 µm emissionlinked to dustheating
in star-forming regions is certainlyat leastpart of the reasonwhy
the (PAH 8 µm)/24 µm ratio varies, we arguethat the variations
mustalso becausedin partby a reductionin PAH emissionin the
8 µm bandthrougheitherPAH destructionor changesin the rel-
ative strengthsof PAH spectralfeatures.Modelsof dustemission
have suggestedthat, if PAHs are presentand radiatingat 8 µm,
the (PAH 8 µm)/160µm ratio would beenhancedin regionswith
very strongradiation � elds, warmerdust and low (PAH 8 µm)/
24 µm ratios (Draine & Li 2007). However, the (PAH 8 µm)/
160µm ratio doesnot peakwithin individual star-forming regions
wherelocalminimain the(PAH 8 µm)/24µm ratioarefound,such
asthebrightextranuclearregionsin NGC2403,3184and3938.This
is bestdemonstratedby comparisonsof themapsof (PAH 8 µm)/
24 µm and (PAH 8 µm)/160µm ratiosat matchingresolutionsin
Fig.4,althoughtheadditionaldiscussionin Section4 andthemaps
in Fig. 1 also supportthis conclusion.Furthermore,Fig. 7 demon-
stratesthat the (PAH 8 µm)/160µm ratiosare not always higher
in regionswith stronglyenhanced24 µm emission.Accordingto
themodelsof Draine& Li (2007),the(PAH 8 µm)/160µm should
monotonicallyincreasewith the 24 µm/160µm ratio in thesere-
gionsif PAHsarepresentandif thePAH ionizationdoesnotchange.
Theseresultsindicatethatthevariationsin the(PAH 8 µm)/24µm
ratiomustbe in partcausedby thesuppressionof PAH 8 µm emis-
sion.

Observationsof individualH II regionswithin theMilky Wayhave
shown thatthePAH emissionmay befoundprimarily in shell-like
structuresaroundthe star-forming regions(e.g.Churchwellet al.
2006;Rhoet al. 2006;Smith& Brooks2007)andthatthestrength
of all PAH spectralfeaturesrelative to 24 µm hot dust emission
decreaseswithin thecentresof H II regions(e.g.Lebouteilleret al.
2007; Povich et al. 2007). If theseresultsare applicable to the
galaxiesin thispaper, thentheinferreddecreasein the(PAH 8 µm)/
24 µm ratio within star-forming regionsmayalso bepartly caused
by PAH destructionand not just variationsin thestrengthsof PAH
spectralfeatures.Furtherwork with mid-infraredspectroscopicob-
servationsof star-formingregionswithin thesegalaxies,speci�cally
studiesof how thetotal emissionin all PAH spectralfeatureemis-
sionvarieswith respectto total dustemission,would beneededto
con�rm thatPAH destructionis takingplace.

Although the PAH 8 µm emissiondoesnot sharea one-to-one
correspondencewith 24 µm emissionor with otherSF tracerson
kiloparsecscales,this doesnot necessarilyprecludeits useas a
tracerof integratedSFwithin nearbyspiralgalaxies.Thevariations
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Figure 7. Plotsof the(PAH 8 µm)/160µm surfacebrightnessratiosversusthe24 µm/160µm surfacebrightnessratiosfor the45 arcsec2 regionsmeasured
in thesegalaxies.The24µm/160µm ratiosareusedasaproxy for dustheatinghere.

betweenPAH 8 µm emissionandotherSFtracerscouldpotentially
beaveragedout whenintegratingacrosstheopticaldiscsof spiral
galaxies.However, becausea signi�cant fractionof thePAH 8 µm
emissionstill originatesfrom the diffuseISM, it would not be as
reliableas otherglobal SF tracers.Furthermore,becausethe ratio
of PAH to TIR �ux and the ratio of PAH to 24 µm � ux density
varies with metallicity (Dale et al. 2005;Engelbrachtet al. 2005;
Calzettiet al. 2007;Draineet al. 2007;Engelbrachtet al. 2008),
a conversion factorrelatingintegratedPAH 8 µm emission to SF
mayalsovarywith globalmetallicity.

We also note that variationsin metallicity could possiblypro-
ducevariationsin the (PAH 8 µm)/24 µm ratio observed in the
galaxies studiedin this paper, but thesevariations would not be
expectedto causethedifferencesin theratio betweenstar-forming
regions and the diffuse ISM observed here. Moreover, the gas-
phaseabundancesof thegalaxiesin oursamplearewell above12+
log(O/H)	 8–8.1,wherePAH 8µmemissionshouldbesuppressed
asdeterminedby Draineetal. (2007)andEngelbrachtet al. (2008),
althoughNGC628,925,2403and3031all havecharacteristicabun-

dancescloseto this valueandmight be affected.To examinethis
issuefurther, wecomparedtheradialgradientsin the(PAH 8 µm)/
24 µm ratio to the radial gradientsin 12 + log (O/H) measured
by J.Moustakaset al. (in preparation)usingthePilyugin & Thuan
(2005)calibrationfor 13of thegalaxiesin oursample.(Abundance
gradientsare not given by J. Moustakaset al. for NGC 3938and
4579,andso thesegalaxiesarenot includedin this comparison.)
The relation betweenthesetwo radial gradientscan be seenin
Fig. 10. If thevariationsin the(PAH 8 µm)/24µm ratio depended
primarily on metallicity variations, then we would expect to see
a correlationbetweenthe gradientsin Fig. 10. However, the two
gradientsappearuncorrelated,whichindicatesthatthevariationsin
the (PAH 8 µm)/24µm ratio thathave beenobserved heredepend
primarily on effects unrelatedto metallicity. This conclusionfor
thesespiral galaxiesisalsoconsistentwith theresultspresentedfor
the spiral galaxy M101 by Gordonet al. (2008),who found that
PAH equivalentwidthsappearedmoredependenton theionization
of theISM (characterizedusing[NeIII ]/[Ne II] and [SIV]/[S III ]) than
12+ log(O/H).
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Figure7 – continued

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

The (PAH 8 µm)/160 µm ratio appearsto be closely correlated
with the160µm surfacebrightnessmeasuredon 45 arcsecscales
in mostgalaxies,even in nearbygalaxieswherethis angularscale
correspondsto � 1 kpc. Moreover, the (PAH 8 µm)/160µm ratio
sometimestraceshigh surfacebrightnesslarge-scalestructuresin
the discsof thesegalaxies,suchasthe spiral arms in NGC 3031
or 6946.This indicatesthat the variationsin the ratio may not be
primarily dependenton radiusas inferredby Bendoet al. (2006)
but insteadmay be primarily dependenton the 160 µm surface
brightness.However, thelarge-scalestructureswithin thesegalaxies
areonly marginally resolvedin the160µm data.Higherresolution
observations at wavelengthslonger than 100 µm are needed to
con�rm thatthis interpretationis valid.

Nonethe less,if theabove interpretationis correct,thenit also
suggeststhat the variationsin the (PAH 8 µm)/160µm ratio may
be more dependenton 160 µm surface brightnessthan metallic-
ity within theregionsstudiedin thesegalaxies.Sincevariationsin
metallicityhavebeenlinked to decreasedPAH emissionrelative to
longer-wavelengthdustemissionin theintegratedspectraof galax-
ies (e.g. Dale et al. 2005; Engelbrachtet al. 2005; Draine et al.
2007;Engelbrachtet al. 2008),it wasnot unreasonableto expect
thattheobserved variationsin the(PAH 8 µm)/160µm ratiowithin
thesegalaxiesmight be linked to metallicity variations.However,
the 12+ log(O/H) values measuredin thesegalaxiesby J. Mous-
takaset al. (in preparation)generallydo not drop below � 8–8.1,
which is whereDraineet al. (2007)andEngelbrachtet al. (2008)
showedthatmetallicitystronglyaffectsPAH 8 µm emission.More-
over, metallicity is expectedto decreasemonotonicallywith radius,
while the(PAH 8 µm)/160µm ratioandthe160µm surfacebright-
nessdonot,andthemetallicityshouldnotpeakwithin substructures

suchasspiralarms,whereasthe(PAH 8 µm)/160µm ratioandthe
160µm surfacebrightnessbothpeakwithin suchsubstructures.As
anadditionaltest,we comparedthegradientsin the (PAH 8 µm)/
160 µm ratio versus radius with the metallicity gradientsfrom
J. Moustakaset al. (in preparation)calculatedwith the Pilyugin
& Thuan (2005) calibration. For this comparison,we excluded
NGC 4725becausethegradientsin the(PAH 8 µm)/160µm ratio
changesigni�cantly betweenthenucleusandtheouterdisc,andwe
excludedNGC3938and4579becauseabundancegradientsarenot
given by J. Moustakaset al. Thegradientsfor theothergalaxiesare
plotted in Fig. 11. If the (PAH 8 µm)/160µm ratio was affected
by metallicity in the regionsstudiedin thesegalaxies,thenthese
datawould be positively correlated.Sincethe datain Fig. 11 do
not exhibit sucha correlation,thetwo gradientsmaybeunrelated.
We thereforeconcludethat, in the regions of the galaxiesstud-
ied here,metallicity variations are not as important as 160 µm
surface brightnessvariations in determining the (PAH 8 µm)/
160 µm ratio, although metallicity may be a factor outsidethe
opticaldiscs.Again,this is consistentwith theconclusionsreached
by Gordonet al. (2008),who found that PAH equivalent widths
in M101 weremoredependenton the ionizationof the ISM than
abundances.

While the(PAH 8 µm)/160µm ratio traceslarge-scalestructure,
wehavedemonstratedthattheratio is notenhancedwithin individ-
ual star-forming regions,and we explainedearlier in this section
thatPAH 8 µm emissionmustbe inhibited in regionswith strong
radiation� elds.Basedon theseconclusionsand the strongrela-
tion betweenthe (PAH 8 µm)/160µm ratio and160 µm surface
brightness,we infer that the PAHs in thesegalaxiesare generally
associatedwith thecold (� 20 K) dustthatdominatesthe160µm
emission,at leaston scalesof � 2 kpc. Becausemostof this cold
dustmaybeexpectedto befoundin thediffuseISM, thePAHs may
alsobefoundprimarily in thediffuseISM as well, althoughsome
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Figure 8. Plotsof the160µm/TIR surfacebrightnessratiosversusTIR surfacebrightnessfor the45 arcsec2 regionsmeasuredin thesegalaxies.Thegrey
linesarethebest-�tting linesfor therelationsin eachplot; slopesfor these� ts aregiven in Table 7. Notethat theuncertaintiesin thex- and y-directionsare
usedto weightthedatain the� t.

of thecold dustand PAHs mayalso be foundwithin cloudsasso-
ciatedwith star-forming regions.Moreover, sincethe(PAH 8 µm)/
160µm ratio increasesas the160µm surfacebrightnessincreases,
the (PAH 8 µm)/160µm ratio maybean indicatorof variationsin
the intensityof theradiation� eld heatingthediffuseISM. This is
furthersupportedby thetight correlationbetweenthe(PAH 8 µm)/
160µm and the24 µm/160µm ratio foundfor many regionswith
weak24µm emissionin Fig. 7, whicharepresumablyregionsthat
primarilysampledustemissionfromthediffuseISM.Nonetheless,
this interpretationis only valid if the PAH massfraction doesnot
vary appreciablybetweeninfrared-faint andinfrared-brightregions
in thediffuseISM, andfar-infraredobservationswith higherangu-
lar resolutionwill beneededto determinewhetherthis association
is still applicableonsmallerspatialscales.

In most galaxies in this sample, the variation in the
(PAH 8 µm)/160µm ratiowith 160µm surfacebrightnessis purely
driven by the decreasein 160 µm emissionrelative to TIR emis-
sion,asthe(PAH 8µm)/TIRratioremainsconstantwith TIR surface
brightness.In afew exceptions,however, adeclinein thePAH 8µm
emissionrelative to TIR emissionis also partly responsiblefor the
observed variations.This reductionof PAH emissionmay occur

if the fraction of starlight from evolved red stars increasesasthe
160µm surfacebrightnessdecreases.In this scenario,thephotons
in theilluminatingradiation� eldwouldhavereducedenergies,and
thepeaktemperaturesattainedby PAHs following theabsorptionof
singlephotonswould be reduced.Consequently, the PAHs would
tendto radiateat longerwavelengths,and the(PAH 8 µm)/160µm
ratiowouldappearto decrease.

Wealsonotedthatthe(PAH 8µm)/160µmratiodropswithin the
highsurfacebrightnesscentreof somegalaxieswithin thissample.
A coupleof mechanismscouldberesponsiblefor thisphenomenon.
First,AGN may beresponsiblefor inhibiting thePAH 8 µm emis-
sioneitherby changingthe ionizationstateof thePAHs or by de-
stroying thePAHs. Thiswasalsosuggestedby Smithet al. (2007),
who showedthat the7.7 µm PAH spectralfeaturewassuppressed
within the centresof SINGSgalaxieswith low-luminosity AGN.
Many of the galaxieswe observed with suppressed(PAH 8 µm)/
160µm ratiosin their centresareobjectsthatareclassi�edascon-
tainingAGN, althoughNGC 3184is a notableexception.Another
possibility is that the (PAH 8 µm)/160µm ratio dropsin regions
wherea signi�cant fractionof the interstellarradiation� eld origi-
natesfrom evolvedbulgestars.Asexplainedabove, PAHs maynot
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Figure9. Plotsof the(PAH 8 µm)/TIR surfacebrightnessratiosversusTIR surfacebrightnessfor the45arcsec2 regionsmeasuredin thesegalaxies.Thegrey
linesarethebest-�tting linesfor therelationsin eachplot; slopesfor these� ts aregiven in Table 8. Notethat theuncertaintiesin thex- and y-directionsare
usedto weightthedatain the� t.

beheatedasstronglyby singlephotonsin suchradiation� elds,and
therefore7.7µm emissionwill beinhibited.

6 CONCLUSION

WehaveshownthattherelationbetweenPAH 8and24µmemission
in thissampleof spiral galaxiesexhibitssigni�cant scatteronscales
of � 2kpc.Inparticular, wehaveshownthatthePAH 8µmemission
is relatively weak comparedto 24 µm emission in star-forming
regions, but the PAH 8 µm emission is relatively strong in the
diffuse ISM. In some cases,the (PAH 8 µm)/24 µm ratio may
exhibit variationsgreaterthanafactorof 2 at agiven 24µm surface
brightness.Wearguethattwo mechanismsareresponsiblefor these
variations:enhancementsin the 24 µm emissionrelative to PAH
emissionin regions with very strong radiation � elds with high-
energy photonsand the correspondingreductionof PAH 8 µm
emission.

We have alsoshown that the PAH 8 µm emissionis associated
with 160 µm emission on scalesof � 2 kpc within thesespiral
galaxies and that the (PAH 8 µm)/160 µm ratio appearsto be a
function of 160 µm surface brightness.The scatterin the relation
is only at the 10 to 20 per cent level for a given surface bright-
ness,andtheintrinsic scattermeasuredin therelationbetweenthe

(PAH 8µm)/160µm ratioand160µm surfacebrightnessis notably
lower thanfor the relationbetweenthe (PAH 8 µm)/24 µm ratio
and24 µm surfacebrightness.While the(PAH 8 µm)/160µm ratio
appearsto decreasemonotonicallywith radiusin somegalaxies,
thepresenceof peaksin the(PAH 8 µm)/160µm ratiocorrespond-
ing to large-scalestructureindicatesthat surface brightnessmay
be a more importantfactor, and statisticaltestsof the best-�tting
lines betweenthe (PAH 8 µm)/160 µm ratio and either 160 µm
surface brightnessor radius showed that the dependencewith
160µm surfacebrightnesswas moresigni�cant. Thestrongcorre-
lationbetweenthe(PAH 8 µm)/160µm ratioand160µm emission
andtheresultsfrom thecomparisonof PAH 8 and24µm emission
suggestthatmostof thePAHs arelocatedin thediffuseISM with
thedustgrainsthatproducethemajority of the160µm emission.
We thereforesuggestthat the (PAH 8 µm)/160µm ratio may be
indicativeof theintensityof theinterstellarradiation� eldthatheats
thediffuseinterstellardustin thesegalaxies.

TheresultshereindicatethatPAH emissionshouldbeusedvery
cautiouslyas a tracerof SF on kiloparsecscalesif it shouldbe
usedat all. Instead,the PAH emissionmay be moreindicative of
the distribution of diffuse dust within nearbygalaxies, although
PAH emissionstill maybeaffectedby metallicity(Daleet al. 2005;
Engelbrachtet al. 2005;Calzettietal.2007;Engelbrachtet al. 2008),
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Table 7. Resultsfor the best-�tting line describing
160µm/TIR surfacebrightnessratioversusTIR sur-
facebrightness.

Name Slopea

NGC628 Š0.092± 0.011
NGC925 Š0.098± 0.017
NGC2403 Š0.130± 0.005
NGC3031 Š0.186± 0.012
NGC3184 Š0.057± 0.009
NGC3351 Š0.173± 0.013
NGC3938 Š0.070± 0.015
NGC4254 Š0.088± 0.014
NGC4321 Š0.113± 0.009
NGC4579 Š0.15± 0.02
NGC4725 Š0.083± 0.013
NGC5055 Š0.089± 0.006
NGC5194 Š0.082± 0.008
NGC6946 Š0.138± 0.013
NGC7793 Š0.094± 0.009

aTheseslopes are for the lines �t to the data in
Fig. 8. Thedataaremeasuredwithin 45 arcsecbins
in imageswith the sameresolutionas the 160 µm
images.

Table 8. Resultsfor the best-�tting line describing
(PAH 8 µm)/TIR surfacebrightnessratioversusTIR
surfacebrightness.

Name Slopea

NGC628 0.073± 0.012
NGC925 0.237± 0.018
NGC2403 0.210± 0.006
NGC3031 Š0.086± 0.011
NGC3184 0.037± 0.009
NGC3351 Š0.087± 0.012
NGC3938 0.048± 0.012
NGC4254 0.000± 0.010
NGC4321 Š0.018± 0.007
NGC4579 Š0.06± 0.03
NGC4725 Š0.028± 0.013
NGC5055 0.013± 0.006
NGC5194 0.062± 0.006
NGC6946 0.024± 0.008
NGC7793 0.183± 0.010

aTheseslopes are for the lines �t to the data in
Fig. 9. Thedataaremeasuredwithin 45 arcsecbins
in imageswith the sameresolutionas the 160 µm
images.

andtheresultsheresuggestthatPAH emissionmight be inhibited
in the diffuse ISM if the radiation � eld is very high. Follow-up
observations with the HerschelSpaceObservatory and the James
Clerk Maxwell Telescopewill allow for studyingthe correlation
betweenPAH and� 20 K dustemissionon smallerspatial scales
in nearbygalaxies,thusplacingfurtherconstraintson the relation
betweenPAHs andcool dust.
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Figure10. Plotof theradialgradientsin the(PAH 8 µm)/24µm ratiofrom
Table4 versusradialgradientsin 12+ log (O/H) measuredby J.Moustakas
et al. (in preparation)usingthe Pilyugin & Thuan(2005)calibration.The
gradientsare in units of dex divided by the radiusof the D25 isophote.
Gradientsin 12+ log (O/H) werenotprovidedfor NGC 3938and4579.
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Figure11. Plotof theradialgradientsin the(PAH 8µm)/160µmratiofrom
Table6 versusradialgradientsin 12+ log (O/H) measuredby J.Moustakas
et al. (in preparation)usingthe Pilyugin & Thuan(2005)calibration.The
gradientsare in units of dex divided by the radiusof the D25 isophote.
Gradientsin 12 + log (O/H) werenot provided for NGC 3938and4579,
andthegradientsin the (PAH 8 µm)/160µm ratio for NGC 4725change
signi�cantly betweenthecentreand outerdisc,so thesethreegalaxiesare
not includedin this plot.
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