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ABSTRACT

Context. Dust emission at sub-millimeter to centimeter wavelengtlsten simply the Rayleigh-Jeans tail of dust particlebhatmal
equilibrium and is used as a cold mass tracer in various @mvients including nearby galaxies. However, well-samgjeettral
energy distributions of the nearby, star-forming Mageta@louds have a pronounced (sub-)millimeter excess (Istad., 2010).

Aims. This study attempts to confirm the existence of such a mitémexcess above expected dust, free-free and synchratrigsien

and to explore dferent possibilities for its origin.

Methods. We model near-infrared to radio spectral energy distrimgiof the Magellanic Clouds with dust, free-free and syoitbn
emission. A millimeter excess emission is confirmed aboesdltomponents and its spectral shape and intensity agsedah light

of different scenarios: very cold dust, Cosmic Microwave Backglo{CMB) fluctuations, a change of the dust spectral index and
spinning dust emission.

Results. We show that very cold dust or CMB fluctuations are very uijikexplanations for the observed excess in these two
galaxies. The excess in the Large Magellanic Cloud can hsfaebrily explained either by a change of the spectratindue to
intrinsic properties of amorphous grains, or by spinningtdumission. In the Small Magellanic Cloud however, due ¢ditiportance

of the excess, the dust grain model including TRED efects cannot reproduce the observed emission in a simpleAyagssible
solution was achieved with spinning dust emission, but neasumptions on the physical state of the interstellar nmediad to be
made.

Conclusions. Further studies, using higher resolution data from Plamcktderschel, are needed to probe the origin of this observed
submm-cm excess more definitely. Our study shows that thereint possible origins will be best distinguished whereetkeess is
the highest, as is the case in the Small Magellanic Cloud.

Key words. Magellanic Clouds, Submillimeter:ISM, Radio continuur8M, ISM:dust, Galaxies:ISM

1. Introduction ified black-body 8, « v*B,(Tqus) Whereg is frequently taken

- _ o L as~ 2). Because of the wavelength dependence of thermal dust
(Sub-)millimeter to centimeter emission in galaxies isufiot omission, millimeter dust emission is often used as a trater
to be quite simple, originating from a combination of dusi®m e cold molecular gas reservoir in a galaxy (6.g. Guelinlet a
sion, free-free and synchrotron emission. Thermal free-fa- 1993/ Dunne & Ealés 2001; Rubio eilal. 2004; WeiRk ét al. 2008;
diation originates in the ionized gas ofitdegions and its emis- /jahakis et al. 2008). This information is particularlyénesting
slon 1S nearlxoﬂlat in this optically thin regime of the specgjnce cold H is almost impossible to observe and the use of CO
trum (S, o y™7). Synchrotron radiation is emitted by relasine emissjon is not straightforward, in particular at lowtalic-
tivistic electrons accelerated in magnetic fields and itscsp jties (sraél 198€; Lequeux etlal. 1994; Isfael 1997b). iNititer
trum is also a power [awg, o v~?>~). The spectral index of gst emission could be a good alternative to the CO molecule
synchrotron emission and the relative contribution of &0 fr tracing cold matter, also in low metallicity environnien
emission mechanisms to the intensity observed at a giveB-wayrhronsoh 1988; Isra=l 1997a; Rubio ef al. 2004; Bot &t #1720
length is constrained by radio observations. Dust emissizn 2010).
served at far-infrared and millimeter wavelengths is pazah
by large dust grains in thermal equilibrium that emit as amod This simple picture is however thrown into doubt by obser-
vations of the Milky Way and nearby galaxies. Several stdie
Send offprint requests to: C. Bot present excess emission in the sub-millimeter that at fateev
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trace large amounts of very cold dust with temperatureswelevith the amorphous nature of dust grains ($éc. 5), or with-spi
10K (Reach et al. 1995%; Chini etlal. 1995; Krugel etal. 1998ing dust emission (Sé¢ 6).
Popescu et al. 2002; Galliano et al. 2003; Dumke et al. 12004).
But, as already noted hy Reach et al. (1995), the spatial cor-
relation of this very cold dust with the warm component iy o4 rated spectra of the Magellanic Clouds
our galaxy argues against this interpretation. In nearbgxga
ies also, the scenario of very cold dust is rejected based We used the spectral energy distribution determined by
different physical arguments_(Lisenfeld etlal. 2002, e.g.)s Thisrael et al. [(2010) for the Small and the Large Magellanic
sub-millimeter excess is then alternatively attributed/émia- Clouds. These integrated spectral energy distributionskown
tions of optical properties of dust grains. For example,$p&c- in Figure[d and the infrared and radio emission is fitted with
tral emissivity index valuesg, might apply (Dupac et al. 2003b; three components: the Draine & L (2007) dust model, a free-
Aguirre et al.| 2003). Variations of the spectral emissivilty free component and synchrotron emission.
dgx with dust temperature have been noted (Dupaciet al. 2003a The choice of a model to represent dust in the
Désert et a;I. 2008). These variations could be related ysiph Magellanic Clouds is still problematic (elg. Meixner e{z010;
cal properties of amorphous solids (Meny €t al. 2007). H@&eviGordon et all_2010; Roman-Duval et al. 2010; Kim ét al. 2010;
in nearby galaxies, such variations in dust properties tigh [ony et al[ 2010). We chose to use the Draine 8/Li (2007) dust
difficult to disentangle from thefiect of mixing diferent dust odel, which is well suited to studies of galaxies specimargy
components, with dierent dust temperatures, along the line Qjjstribution and has been applied to a number of nearby galax
sight. Data at numerous wavelengths covering the farfieéfa jo5 ohserved in the infrared and the submillimeter (Drairele
(FIR) to the millimeter regime are required to better cagistr 3007). In this model, a mixture of dust grains is heated by a
the emission from dust in nearby galaxies. distribution of starlight intensities. A power law distuition of

At longer wavelengths  30GHz, ~ 1cm), another interstellar radiation field intensities, betweBh,, and Umax,
excess of emission has been observed in our galaxy aegresents photo-dissociation regions (PDR), while a teons
is called “anomalous dust” (e.g. Draine & Lazarian 1998aterstellar radiation fieldJn illuminates the difuse medium
Lagache 2003;_de Oliveira-Costa et lal. 2004; Finkbeinek. et af the galaxy.
2004; |Casassus etal. 2006; Miville-Deschéneslet al. 12008; Different dust mixtures and dust size distributions exist in
Dobler & Finkbeiner 2008). This excess is best explained hyis model, among which three have been tailored to the LMC
small rotating dust grains ("spinning dust” Draine & Lazari environment and one for the SMC (Weingartner & Draine 2001;
1998b). Anomalous dust emission remains poorly consteairigi & Draine 2002). However, the SMC dust model was tailored
by observations (in particular its variations with the €am- to SMC extinction curves built on observations of only a few
ment). Theoretical models predict that the peak frequericy stars that might not represent the interstellar mediumeStiC
spinning dust emission should shift with grain size or dgnsias a wholel(Gordon & Clayttin 1998). Indeed, fitting the "typi-
(Ali-Haimoud et al.. 2009|_Ysard & Verstraete 2010). What iga” SMC extinction curve (no 2175Abump, steep FUV rise),
the influence ofspmr)mg.dust emission on submillimeteatio (Weingartner & Drainé 2001) implied a lack of very small car-
spectral energy distribution of galaxies? bonaceous grains and a predominance of silicate dust grains

The Small and the Large Magellanic Clouds (SMC anith the SMC, which contrasts with theu81 emission, the clear
LMC) are two of the nearest galaxies to ours (located at diBAH features and the lack of silicate features (in absomptio
tances of 60 and 50kpc respectively (Deb & Sirigh 2010y in emission) as it is observed in many regions of the SMC
Szewczyk et al. 2009; Schaefer 2008; Szewczyk et al.|200§Sandstrom et al._2010; Bot et al. 2010). Furthermore, study
As such, they have been extensively observed in all wavediengng 17 nearby galaxies observed from the near-infrared ¢o th
regimes. Their low metallicities~ 1/2 and 16 for the LMC sub-millimeter, [(Draine et al. 2007) showed that in no cése t
and the SMC respectively (Pagel 2003)) provide an oppdstunSMC bar dust model was preferred to the Milky-Way (MW)
to test our understanding of astrophysical processedfierdint or LMC dust model. Given these considerations, we chose to
physical conditions from our galaxy. model the dust emission in the SMC with the Draine & Li (2007)

Israel et al.[(2010) build spectral energy distributiorspg) dust model using MW type dust. Note however that this choice
of the Magellanic Clouds by combining selected literatuve fl should not significantly fect the far-infrared part of the spec-
densities with COBE and WMAP data. The spatial resolution &M _
low (~ 1° beam), but the resulting SEDs have an unprecedented The LMC and SMC integrated fluxes from 1.27 to 240
sampling of wavelengths, particularly at the far-infratecthe Were thus fitted with LMC dust models and MW dust models
radio regime and show a pronounced (sub-)millimeter ex¢ess respectively. To do the fit, we use the model spectra as obderv
this papier, we analyse these SEDs of the full SMC and LMC With the DIRBE, IRAS and Spitzer photometric bands (i.e-tak
assess the contribution of dust, free-free and synchratmais- ing into account the spectral response of the instrumends an
sion, in order to quantify and study this excess emissionitand Color corrections with respect to the reference spectrapeh)
possible origin. Our study is a prototype of future work onreno and compare them to the observed fluxes in these same bands,

distant galaxies that will use Herschel (60-66€) and Planck ( Which avoids the use of color-corrections. The best modst du
up to~10 mm) data. spectra obtained from the fitting procedure are presented in

eFi_gure[fl and the corresponding parameters obtained are sum-
Marized in TablElL.
Free-free emission in the Magellanic Clouds is taken from

dio wavelengths, with dust, free-free and synchrotron simiis . X . )
Above these three components, a significant emission excki Pest estimates det(?rr ererl'ﬂfed from the best fit of radio data b

is observed in the millimeter-centimeter domain. We explotstaeletal.l(2010) (i.65,4;,, — = 136 and 15Jy for the LMC
whether this excess could be associated with very cold &ast ( and SMC respectively, witha®! law, and synchrotron spectral
[4)), with cosmic microwave background fluctuations (§6c. 3pdexes arey yc = —0.70 andasyc = —1.09.) The correspond-

In section 2, we present a fit of the integrated spectral
ergy distributions of the Magellanic Clouds, at infraredi aa-
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Fig.1. Spectral energy distributions from the IR to the radio far thtegrated Magellanic clouds. The Draine & Li (2007) dust
model spectra as observed in th&aient photometric bands (blue squares) is fitted to the vbdeatata points (black stars) from
1.27 to 24@m. Synchrotron and free-free spectra are adjusted on the Wt radio data. The sum of the three component fit is
displayed as a dashed line. Error bars correspone-toritertainties.

Table 1. Results from dust emission modeling of the inte-
grated spectra: minimum and maximum radiation fieldg;( 10° 10° 10°
andUx, in units of the local interstellar radiation field), PDR
fraction (y), PAH mass fractiondpay) and total dust mass (in
Mo) 10

Parameter LMC SMC SMC (withl, = 0.1)

model LMC MW MW o' =

Unrin 25 2.0 0.1 3 £

Urax 106 10 106 2oL 1

Y 0.5% 7% 74% 0% % 3

OpaH 2.4 0.47 0.47 £ .z synchrotron]

Maust 36-1°¢ 29.10° 11.10° L i

10" —
ing free-free and synchrotron emission for the LMC and SMC 100 o - 100 0 s e 07

are shown in Fid.1. Aum)

The sum of the three fitted components (dusfree-free ) ) . .
+ synchrotron) is shown as a dashed line in Figdre 1. For théd-2- Same as Fid.]1, right panel, but the minimum radiation
LMC, the observed emission is well fitted from infrared to-milfield in the dust model is fixed to a value of 0.1 times the solar
limeter, as well as in the radio domain. TopHat fluxes at (suB&ighborhood valu€Tgus ~ 12K). Error bars correspond tarl
ymillimeter wavelength (47&m to 1.22 mni Aguirre et al, 2003) uncertainties.
are well reproduced by the expected dust emission fittedeto th
infrared emission. We observe a small, but significant ex¢&s
7o) emission in the first three WMAP bands at 3.3,5and 7.5 mm
(90,60 and 40 GHz), above extrapolated models (dust, fese-f o ] ) )
and synchrotron). For the SMC integrated spectrum, a clear &1€ lowest radiation field available in the pre-computeccspe
cess is observed in all TopHat and first four WMAP bands (i.given for.Draine & Li (2007) dust model). The result of the it i
from 476um to 10 mm). This shows that in the SMC, the subshown in Figuré2. This model better reproduces observet dus
mm part of the SED can not be well accounted for with du§mission, including TopHat data between 446 and 1.2 mm
modelling from the knowledge of the far-infrared peak eiiss @nd will be chosen as our best model of dust emission in the
(up to 24Qum) only. SMC in order to be conservative. Still, a significant excesise
Part of the excess observed in the SMC could be due to d§&n remains above the dust, free-free and synchrotrorsenis
colder than can be extrapolated from far-infrared datatpoln Petween wavelengths of 3.3 and 10 mm.
particular, a~ 60um excess has been reported in the Magellanic The spectrum of this excess in both galaxies is shown in
Clouds (Bot et al. 2004; Bernard et al. 2008). Thig@lexcess Figure3 and Table 2. Itis obtained by subtracting the bestaho
could be a significant part of the total emission in the SMC araamissions (dust, free-free and synchrotron) to the obdepec-
bias dust models toward high temperatures. To check this, wa. The spectral shape and surface brightness of the eabess
performed a new fit of the SMC spectrum, similar to the moderved in the LMC and in the SMC are similar (c.f. Figlte 3).
elling described above, but with a fixed minimum radiatiofdfie This suggests that they probably arise from the same pHysica
intensity:Unin = 0.1 (which corresponds tdg¢ ~ 12K and is process.
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Table 2. Surface brightness of the observed excess emission in tigelMaic Clouds. Error bars represent dncertainties.

I 1.2mm | 3.2mm | 5mm I 7.3mm | 9.1mm | 13mm Q
MJy/sr MJy'sr MJy'sr MJy/sr MJy'sr MJy'sr sr
SMC 0019+0.014 Q018+0.002 Q0075+0.0011 00035+ 0.0006 00024+0.0004 00014+ 0.0002 0.00544
LMC < 0.032 0012+ 0.001 Q0040+ 0.0005 00014+ 0.0002 00007+ 0.0002 < 0.0003 00160
Furthermore, the fact that both Magellanic Clouds show a
150.0 7m0 O g0 575  similar mm—cm excess emission despite theffedent size on
~ T T T T the sky argues against the hypothesis that this excess i®due
0.100 EJLQ Sme coig qe(ZT230/ST ~ -~ & CMB fluctuations.
i cold dust fit for the SMC We therefore consider it very unlikely that the excess in
L the Magellanic Clouds originates from CMB fluctuations ie th
= r 3 background of these galaxies. We note that our test is based o
X 0.010F el - average surface brightnesses and as such does not makesany us
2 P N 1 ofthe spatial distribution of the excess in the Magellarim.@s.
i L e 1 Astudy of the excess with respect to the expected CMB fluctua-
- i e S 1 tions at diferent spatial scales would help to better discriminate
0.001 — I ; TR - the significance of CMB fluctuations in that respect.
T T R e 4. Very cold dust?

2.0x10% 4.0x10% 6.0x10° 8.0x10% 1.0x10* 1.2x10* 1.4x10*

Aum) It is tantalizing to try to explain the excess observed wighyv

cold dust, especially since colder dust in the SMC can ex-

Fig. 3. Spectral energy distribution of the mm-cm excess in tHain the sub-millimeter part of the excess (c.f. SecfibnTz)
LMC (in green) and in the SMC (in black). The spectral shagd'eck this hypothesis, the excess observed is fitted by a mod-
of the CMB fluctuations dB,(2.725K)/dT x DeltaT [Fixsenh ified blackbody representing a possible cold dust component
2009) is scaled to the SMC excess brightnesses for comparigd€st fits are shown in F'q-(]j?’ and give dust temperaturesi
Modified black body fits to the LMC and the SMC excess ref@nd spectral indices @jjc = 1.2 andfgyc = 0.33. Such a

resenting a possible cold dust component are shown as dogelfl thermal equilibrium temperature for big grains is atre
lines. istic. Furthermore, the spectral dust emissivity index ubed

for the SMC is also unrealistically low. Indeed, current @bs
vations suggegt to be in the range 1-2/5(Boulanger et al. 1996;
3. CMB fluctuations? Lagache et al. }9_99; Dupac et al. 2003a; Paradis et all 20@9) a
the Kramers-Kdnig equations suggest that a value of 1 agexlo
The intensity of the cosmic microwave background fluctuzio limit to g (Emerson 1988). The existence of very cold dust that
are expected to be non-negligible at low surface brighesessvould explain the observed millimeter excess thereforensee
like the one observed for the Magellanic Clouds in the mm—cwery unlikely.
range. Moreover, in the SMC, the spectral energy distriputi
of the excess is of similar shape to the CMB fluctuations (c
Figure[3). We therefore estimate the probability that CMBflu
tuations in the background of the Magellanic Clouds are @t tinother hypothesis for explaining the millimeter excessais
origin of this submm-cm excess. change of the spectral emissivity index from the FIR to the.mm
To do so, we created a CMB simulation map that repr&uch a change has been observed in our Galaxy (Parad!s et al.
duces the observed CMB power spectrum_(Larsonlet al.l 2012009) and is related to intrinsic dust properties. To te th
We draw 5000 random positions in this CMB map and extragssumption, we used a model proposed by Menylet al. (2007),
intensities of CMB fluctuations at 5mm (60GHz) inside an ardsased on the properties of amorphous dust grains. Theydemsi
equal to the one of the SMC and with an annular backgroutwlo complementary physical models. The first one describes
subtraction. In Figurgl4, we plot an histogram of CMB fluctuexcitation of acoustic lattice vibrations, due to the iat#ion
ations intensities obtained for these 5000 random regidfes. between electromagnetic fields and a disordered charge- dist
then estimate the probability of observing CMB fluctuatians bution (DCD). This DCD model is characterized by a correla-
a surface brightness that is compatible with the observedssx tion length, used to describe the disorder degree of amaogpho
surface brightness (c.f. Tdh. 2) at 5mm withim 3We find that state.The second model focuses on the processes associatec
this probability amounts to 5% for SMC. with a distribution of low-energy two-level systems (TLS)ch
We did the same estimate for the LMC. The histogram afs resonant absorption and relaxation processes, tempeerat
CMB fluctuations intensities obtained with the same metisod dependent emission. This DZD_S model was succesfully used
shown in FiguréR (left panel). Theftiérence observed betweerto reproduce the FIRAS/MAP spectrum of galactic diuse
the histograms for the LMC and the SMC corresponds to a siemission|(Paradis 2007; Paradis et al. 2010, in prep.).
difference between the regions considered in each east ( Fits to the LMC and SMC integrated spectra were done for
and~ 2° radii respectively). For the LMC, we find a 14% proball points from 10@m to 91mm. To do so, three parameters
ability that the intensity of the excess at 5mm is due to CM®ere set to be free: the dust temperature, the correlatiagthe
fluctuations. However, the spectral shape of the excessisn tfiLc) and the ratio of TLS over DCDfkects @ ratio). We did
case difers from the one of CMB fluctuations. not attempt to fit the §dm data point as the emission from very

g'. A change of the dust emissivity spectral index?
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Fig. 4. Histogram of the simulated intensity fluctuations of the CMBasured similarly to the fluxes of the LMC and SMC (left and
right panels, respectively) at 5mm (60 GHz), for 5000 rangasitions on the sky. The histograms have been normalizédio
peak value and the bin size is&10*MJy/sr). The solid vertical line in each pannel correspondséatieasured excess intensity
at this wavelength, while the dashed lines give threeBror estimates to either side of this measured excess.

small grains that are transiently heated is known to be kignTable 3. Gas parameters obtained with CLOUDY. Densities are
icant at that wavelength. Best fits are shown in Fiddre 5 aespressed icm—.
correspond to dust equilibrium temperatures of 21K and 24K,

correlation lengths of 6.4 and 12.85 nm aAdatios of 4.4 and medium | Go Ny Taas Nc+ N+
19.4, for the LMC and the SMC respectively. LMC diffuse | 25 30 189.7 Dx10° 68x103
In the LMC, the DCIITLS model is able to reproduce ob-— [ MC PDR 25 10 1090 024 075
servations, assuming a decrease of the correlation length b 1000 10 288.8 066 18
factor of 2 and an increase of the TLS processes intensity bBY&Mc difuse | 0.0 30 1241  Bx<10? 36x 103
factor of 1.8, with respect to the parameters used to repe®du SMC 01 16 1152 37x10° 38x102
the spectrum of galactic fluse emission. This result indicates a moderate PDR| 1 16  127.7 19x102 80x102
good agreement between dust properties in tfteist medium 1000 16 11682 2x10? 0.88
of our Galaxy and in the overall LMC, even if the amorphizatio SMC 01 16 632 36x10° 0.3
degreB of dust grains is dferent. dense PDR 1 10 1240 21x10%? 14
However, for the SMC, the flattening of the spectrum is too 1000 16 2787 22 93

pronounced to be explained only by intrinsic dust propsrtie
Figure[® shows a fit of the SMC SED with the DAL.S model.
In this case, TLSfect intensity had to be enhanced by a factor ) )
of 8. Despite this enhancement, an additional componetigin §i0n produced by very small dust grains (i.e. PAHs). To do so,
millimeter domain is needed to reproduce the data. we fit the excess observed in the Magellamc Clouds with a
grains satisfactorily explains the excess in the LMC but tHBe number of free parameters, we make some ad-hoc assump-
model fails at reproducing the one observed in the SMC. tions. First, the electric dipole moment distributioniis: mvN
(Draine & Lazarian 1998b), wheng is the number of atoms in
o o the grain andnis a constant equal to 0.4 D (Ysard & Verstraete
6. Spinning dust emission? 2010). The size distribution of dust grains is taken to be the
me as in the Draine &ILi (2007) model (in order to be consis-
ent with the fit of the mid-infrared part of the SEDs). We make
e assumption that the interstellar medium of the Magillan
ouds can be modelled as the sum of fiudie medium and a
DR phase. The fluse medium is assumed to have the same gas

The main mechanism invoked to explain Galactic anomalous
cess at millimeter wavelengths is spinning dust emissisfirst

proposed by Draine & Lazarian (1998b). Unlike the excess
the Magellanic clouds, Galactic excess peaks between 28@&n

GHz. However, models predict that the peak frequency of-spi ensity as in the cold neutral medium in our Galary ¢ 30

ning dust emission shifts with radiation field intensityteirstel- 3 ; .
lar gas physical paramet8rgrain size distribution and electric M ), while the PDR component has the same density as the

3 : D ) -
dipole moment [(Ali-Haimoud et Al. 2009; Ysard & Verstraete 'O Bar iy ~ .104 cm ). Using the radiation field distri-
2010). ution described in Tal)] 1, other relevant gas parameters ar

Here, we explore the possibility that the excess Observga,lculated at thermal equilibrium with CLOUDY (Ferland ét a
in the Magellanic Clouds originates from spinning dust emisw%)' We assummsyc = Zo/6 andZuwc = Zo/2. Parameters
were taken from the optically thin zone of isochoric simialas
! The amorphization degree indicates if the internal strecaf a With CLOUDY. The main gas species abundances vary with ra-
grain is fully or partially amorphous. diation field and density. We present some of the gas parasnete
2 Collision with interstellar gas species may excite or daheprbta- Obtained in Tabl&l3 for the flierent phases in each galaxy and
tion (Draine & Lazarian 1998b). for a sample of radiation field intensities.
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Fig. 5. SEDs of the Magellanic Clouds in the FIR to mm regime, oncédrénefree and synchrotron emission removed. This spectral
energy distribution is fitted from 1@n to 9.1mm with a dust model with DGQIDLS effects. The spectral shape of the DCibeet
is shown in light blue while the TLSfEects are displayed in dark blue and the total emission idadied in red

For the LMC, a good fit is achieved and is shown in [Elg. Bons, many assumptions had to be made (e.g. mixing of two
(left panel) overlaid on the observed excess emission. &he or three components along the line of sight, density of the
sulting PAH mass fraction igean =2.15%, with a carbon abun- interstellar medium). Also, recent studies (Hoang et all(R0
dance in PAH of 0.9 ppm in thefliuse medium and 3.06 ppm inSilsbee et all 2010) have shown that refinements on spinning
the PDR. dust models can lead to significant changes in the shape and in

For the SMC however, no good fit was achieved with a difatensity of the spinning dust emission peak. The inclugibn
fuse+PDR model. Separating the PDR component into a derséch dfects are beyond the scope of this paper, but could help the
PDR component (witmy = 10°cm~3) and a moderately denseunderstanding of the excess in the SMC in terms of spinniisy du
PDR component (wittny = 10°%cm™3), a good fit of the excess emission. We do not claim that the best fits obtained are aieniq
emission observed in the SMC is achieved and is shown in Fplution. Higher resolution studies with Planck and Heesch
(right panel). In this case, we dedugey = 0.39%, with a will be necessary to confirm this origin of the excess by asses
carbon abundance in PAH of 2.20 ppm in théue medium ing the distribution of the millimeter excess in the Mageita
and 0.49 ppm in the dense PDR and 0.47 ppm in the moderat€lpuds as a function of local conditions in better definedi-env
dense PDR. ronments (e.g. diuse medium only, HIl regions). For example,

The spinning dust emission model can therefore reprodutavould be interesting to try to correlate the rfam excess in
the excess observed in both Magellanic clouds with parametthe Magellanic Clouds with PAHs emission to test the scenari
that are consistent with our current understanding of therin of spinning dust emission.
stellar medium in these environments. In particular, thédPA
mass fractions obtained from the best fits of the millimeter e
cess are consistent with those obtained from the far-iedrdust 7. Conclusion
emission modelling of the spectral energy distributiontsisTs _ o ]
consistent with the idea that spinning dust emission ispced Comprehensive spectral energy distributions of the Maged|
by the smallest grains which are responsible for the midaiise  Clouds from the near-infrared to the radio are modelled with
sion. dust, free-free and synchrotron emission. An excess abeset

If the millimeter-centimeter excess is due to spinning dughree components is observed at millimeter wavelengths Th
the peak frequency of spinning dust emission in the MagiellarXcess has a similar spectral shape in both Magellanic €loud
Clouds (139 and 160 GHz — 2.2mm and 1.9mm- for the LMebut is more prominentin the SMC total SED than in the LMC.
and SMC respectively) is shifted with respect to what is ob- We explore diterent scenarios for the origin of this excess
served in our Galaxy. This shift depends on three main paranggnission in the millimeter regime: very cold dust, CMB fluctu
ters: the size (the smaller the grain, the higher its emisBie-  ations, a change of the dust emissivity spectral index aid sp
quency), the density (if the medium is denser, more grai-gaing dust emission. Itis shown that very cold dust grainslymp
collisions occur and the anomalous emission peak is shifted @ thouroughly unrealistic nature for this excess and CMBiiuc
ward higher frequencies) and the intensity of the Intelesteh- ations are unlikely to solely create such an excess.
diation Field (ISRF) (above a threshold@§ = 10, if the ISRF For the LMC, the mm-cm excess can be explained equally
intensity increases, the emission peak is shifted to hiffeer well with TLS/DCD effects in amorphous grains or with spin-
guencies). In order to reproduce the millimeter excessrebde ning dust emission.
in the Magellanic Clouds, all three parameters were equaly This is drastically dferent in the SMC, where the mm-cm
portant. excess is more pronounced. In this case, CMB fluctuations be-

This study shows that spinning dust emission is a posseme very unlikely and the inclusion of TU3CD effects alone
ble solution for the nature of the observed excess, in the twloes not reproduce the excess. However, spinning dustiemiss
Magellanic Clouds. However, without complementary infarm models are capable to explain the observed excess with param
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ters that are consistent with our understanding of the ISMén Guelin, M., Zylka, R., Mezger, P. G., et al. 1993, A&A, 279,1.3
SMC, but many assumptions had to be made to obtain this restiftang, T., Draine, B. T., & Lazarian, A. 2010, ArXiv e-prints

We hence confirm the existence of an unexpected mm-
excess in the Magellanic Clouds, but the nature of this exc
remains unclear. Spinning dust is a promising solution thist
should be further tested in better defined physical enviemm
The mm-cm excess observed in the Magellanic Clouds co
easily be of a more complex nature, having multiple caus?ﬁ

y, S., Galliano, F., Madden, S. C., et al. 2010, A&A
srael, F. P. 1988, in Astrophysics and Space Science bibhol. 147,

€S Millimetre and Submillimetre Astronomy, ed. R. D. Wolsteoit &

W. B. Burton, 281-305
Israel, F. P. 1997a, A&A, 317, 65

Ugepel, F. P. 19970, A&A, 328, 471

el, F. P., Wall, W. F., Raban, D., et al. 2010, ArXiv enfsi
, S., Kwon, E., Madden, S. C., et al. 2010, A&A

rather than a single one, so that théfetient éfects explored kiigel, E., Siebenmorgen, R., Zota, V., & Chini, R. 1998, A&31, L9
here might add up. In this context, Planck and Herschel @bserLagache, G. 2003, A&A, 405, 813
tions of the Magellanic Clouds are needed to map this exdes$agache, G., Abergel, A., Boulanger, F., Désert, F. X., &éw J.-L. 1999,

a better spatial resolution, trace its spatial variatiams probe

its origin more definitely.
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