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Abstract. We present a new study of the high latitude galactic contributions to the millimeter sky, based on an analysis of
the WMAP data combined with several templates of dust emissiIRBE/COBE and FIRASCOBE and gas tracers (HI

and H,). To study the IR to millimeter properties of theffdise sky at high galactic latitude, we concentrate on the emission
correlated with the HI gas. We compute the emission spectrum of thdrdadregsynchrotron components associated with

HI gas from low to large column densities. A significant residMlAPemission over the free-free, synchrotron and the dust
contributions is found from 3.2 to 9.1 mm. We show that this resitMBMIAP emission (normalised to #®atomgen?) (1)

exhibits a constant spectrum from 3.2 to 9.1 mm and (2) significantly decreases in amplitudBlingreases, contrary to

the HI-normalised far-infrared emission which stays rather constant. It is thus very likely that the r&8MiAd emission

is not associated with the Large Grain dust component. The decrease in amplitude with increasing opacity ressembles in fact
to the decrease of the transiently heated dust grain emission observed in dense interstellar clouds. This is supported by an
observed decrease of the HI-normalisedu#® emission with HI column densities. Although this result should be interpreted

with care due to residual zodiacal contaminations au®0 it suggests that th&/ MAPexcess emission is associated with the

small transiently heated dust particles. On the possible models of this so-called “anomalous microwave emission” linked to the
small dust particles are the spinning dust and the excess millimeter emission of the small grains, due to the cold temperatures
they can reach between two successive impacts with photons.

Key words. ISM: general — cosmology: miscellaneous — radio continuum: general

1. Introduction Haffner 1999) and th&€HASSA,, survey of the southern sky
(Gaustad et al. 2001).

At millimeter wavelengths, one of the major challenges in high  ~j<s_correlations of CMB data with far-infrared maps
sensitivity Cosmic Microwave Background (CMB) anisotropy,aye revealed the existence of a microwave emission com-
study is to determine the fraction of the observed signal dueg, et (the so-called “anomalous microwave emission”) with
diffuse galactic foregrounds. Threfdrent components havegaia| distribution traced by these maps. This component has
been firmly identified at high latitudes( > 10°): thermal 5 ghaciral index suggestive of free-free emission and so has
dust emission, synchrotron and free-free. Dust emission dogye, first interpreted as free-free emission (Kogut et al. 1996).
inates the far-infrared surveys. Its spatial distribution and frFrowever, Kogut (1999) showed in small parts of the sky that
guency dependence are quite well-determined forwaveleng\;vkbsre covered by H data that the microwave emission was
shorter than-800um. Above~800um, present data currently ., \qistently brighter than the free-free emission traced by H
do not give any strong constraints. So far, dust emission &g;,,s  the correlated component cannot be due to free-free

timates in the millimeter range are thus an extrapolation 8Fnission alone. This is confirmed more recently by Banday
what is known at shorter wavelengths. Synchrotron radiatigp (2003) also usinGOBEDMR data.

dominates radio-frequency surveys, but Banday & Wolfendale

(1991) and Bennett et al. (1992) showed that the spectral inde Recent works suggest that this anomalous far-infrared cor-
r(?rated component originates from spinning dust grain emis-

steepens with frequency and exhibits spatial variations whic
P g y P |§n (Draine & Lazarian 1998a; De Oliveira-Costa et al. 1999,

are poorly known. Free-free emission has a well-determin ) . :
spectral behavior and templates are now available thank 002)' tentatively detected at 5, 8 and 10 GHz by Finkbeiner

theWHAMH, survey of the northern sky (Reynolds et al. 199&%t al. (2002).' An glternatlve exp!anr?mon 'S.prOVIdEd by thgr-
mal fluctuations in the magnetization of interstellar grains

causing magnetic dipole radiation (Draine & Lazarian 1999).

* The Wilkinson Microwave Anisotropy ProbeMMAP is the However, very recently, Bennett etal. (2003) usilylAPdata

result of a partnership between Princeton University and NASA#0 not find any evidence for the anomalous microwave emis-
Goddard Space Flight Center. sion. Their foreground component model comprises only free-

** e-mail:Guilaine.Lagache@ias.u-psud. fr free, synchrotron and thermal dust emission, and the observed
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galactic emission matches the modektt. Note that in their Average (ZSMA) Maps” for which the zodiacal light intensi-
global analysis, they are dominated by the brightest parts of thes were subtracted week by week and the residual intensity
sky i.e. the galactic plane and the high latitude dense interstellalues were averaged to create Maps.GUBEdata are avail-
clouds. Thus, results may not apply to the mofudie regions. abe ahttp://lambda.gsfc.nasa.gov/product/cobe

We present in this paper a new study of the galactic con-
tributions to the millimeter sky, based on an analysis of the
WMAP data combined with several templates of dust emi®-2. Gas tracers
sion OIRBECOBE and FIRASCOBE and gas tracers (HI

and H,). We focus only on the high latitude regions wher?_ L
. . ; : he HI data we used are those of the Lejtiamingeloo sur-
the results are easier to interpret in term of physical prop y which covers the entire sky downdo= ~30° with a grid

erties of dust and where CMB analysis are performed. TMgacing of 30in both | and b, The 3ehalf power beam width

paper is organised as follows. We first present the data . .
use together with their preparation (Sect. 2). We then deriegthe Dwingeloo 25 m telescope provides 21 ¢m maps at an

the spectrum (from 10@m to 10 mm) of the Hi-correlated angular resolution which closely matches that of BIRBE

component (Sect. 3.1) and show that there exists a redAPS- Details of the observations and correction procedures are
ual microwave emission (over free-free, synchrotron and f ven by Hartmann (1994) and by Hartmann & Burton (1997).

infrared dust emission) whose Hi-normalised amplitude d should be noted that in this data-set special care was taken for

Fn_e removal of far sidelobes emission which makes it particu-

creases when the HI column density increases but without gh . i ) i .
significant spectral variations (Sect. 3.2). We then discuss ?ﬁéy suitable for high latitude studies. We derive the HI column

” i e . DA ;
results in Sect. 4. densities using 1 K km 4 = 1.82x 10" H cm2 (optically thin
emission).

Thanks to th&VHAMsurvey of the northern sky (Reynolds
etal. 1998; H&ner 1999) and th8HASSAurvey of the south-
2.1. COBE data ern sky (Gaustad et al. 2001), it is now possible to have a

whole sky map of the K emission (Dickinson et al. 2003;
The COBEsatellite was developed by NASA's Goddard Spag&inkbeiner 2003). Since the HI maps cover the sky down to
Fllght Center to measure thefillise infrared and microwaveé' = -30, the H, emission we use is our ana|ysis is mosﬂy
radiation from the early universe to the limits set by our astrgiven by theWHAM survey.WHAM provides a 12 kms ve-
physical environment. It was launched November 18, 1989 aity resolution with one-degree angular resolution down to
carried three instruments: sensitivity limits of 0.2R (1 R = 10°/4x ph cnt2stsrl)in a

30 second exposure. The one-degree angular resolution nicely

— a Far Infrared Absolute Spectrophotomet8iRAS 10 maiches theDIRBE resolution. We use the Hmap and the

compare the spectrum of the cosmic microwave backsnyersion factors to free-free emission (usihg= 8000 K)

ground radiation with a precise blackbody (at each sky PRy m Finkbeiner (2003) to derive templates of free-free emis-

sition, with an angular resolution of ;/we have one spec- g5y since we work only on high latitude regions, theenis-

2. Data-sets used and their preparation

1\.
trum from 1_t° 9,7 cm); ) sion has not been corrected for extinction (the dust absorption
- a Differential Microwave RadiometeDMR) to map the s likely to be very small, less than 5%). The free-free tem-
cosmic radiation (at 31, 53, 90 GHz with &abeam); plates are used to derive a well-understood contribution to the

— a Diffuse Infrared Background ExperimemIRBE) t0 ilimeter channels.
search for the cosmic infrared background radiation
(10 photometric bands from 1 to 240n with an angular

resolution of 40).
0 2.3. Synchrotron templates

COBEdata are presented in a quadrilateralized spherical pro-
jection (the so-calle€OBEQuadrilateralized Spherical Cube Synchrotron emission arises from relativistic cosmic ray elec-
CSC), an approximately equal-area projection in which the aesns spiralling in the galactic magnetic field. This emission
lestial sphere is projected onto an inscribed cube. DHRBE dominates surveys at radio frequencies. The only all-sky map
convention is to divide each cube face into 26@56 pixels; at low frequencies that probe the synchrotron emission is the
thus all sky-maps have 256256 x 6 = 393 216 pixels. Each 408 MHz survey of Haslam et al. (1982). For many years, this
pixel is approximatively 0.320n a side. FOFIRASandDMR, map has been used to predict the synchrotron emission in the
each cube face is 3232 pixels leading to a total of 6144 pixelsmillimeter channels, assuming a frequency dependence with a
(of ~2.6°). constant spectral index of about 2.75. However, Bennett et al.
We use the so-called (i) “Sky Maps and Analyze¢(003) have shown that the synchrotron spectral index exhibit
Science Data SetdDMR Data (ii) “Galactic Dust Continuum strong spatial variations and is steeper inii&lAPbands than
Spectra and Interstellar Dust Parametef$RAS data, that at radio frequencies. We thus use WWd1APsynchrotron maps
give the residual sky spectrum after modelled emissiaerived by Bennett et al. (2003) using the Maximum Entropy
from the CMB, zodiacal emission, and interstellar lineslethod as frequency dependent well-determined synchrotron
have been subtracted. (iDIRBE “Zodi-Subtracted Mission templates.
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2.4. WMAP data with the HI gas such as an isotropic component. We first se-

The WMAP (Wilki Mi Ani Prob . lect sky pixels according to their HI column density and sort
e (Wilkinson Microwave Anisotropy Probe) MIS-them into sets of pixels bracketed by selected valueN pf

sion, designed t(.) determine the geometry, Coqtent, and E¥rrelated HI emission spectra are then computed for each set
lution of the universe, has successfully provided full sk@gf pixel k using the equation:

maps at 23, 33, 41, 61 and 94 GHz at respectively 13.2,

39.6, 30.6, 21 and 13.FWHM resolution with unprecedentF (K) = <F>-<F > )
sensitivity. A detailed description of the delivered data-setS™™” = < Ny, > — < Ny >0

for the first 12 months of operation &WMAP is given in .

the WMAP: explanatory Supplemefeditor M. Limon et al., where< F >; corresponds to the mean emission computed for
Greenbelt, MD: NASAGSFC). The data we use are the firstn€ Set Of pixels, and<Ng > to the mean HI column density
year “Sméothed | maps” which are the temperature mapsfgli the same set of pixels. Note that all the data-sets used here
each frequency, smoothed to a common resolution of 1 degrd§ cosecant-law subtracted (see Sect. 2.5).

Data are delivered in the HEALPiormat with Nege = 256. To keep high signal-to-noise ratio, only 5 sets of pixels are
considered here, with increasihl,. The first set (labeled “0”

in Eq. (1)), serves as the “reference” set and corresponds to the
2.5. Data preparation lowest column density regions (representirigfo of the sky).

\AVe are thus left with 4 sets of pixelswith increasingNy

oo e e ospenment R derive accrdingy four mean specia) The st o
' y b pixels are selected on the cosecant-law removed HI emission

since it is the lowest resolution of our data-sety.(All data .
butDMR andFIRASare thus converted in tRIRBECSC for- that can .be negative. For reference, the total mean.HI column
density (i.e. non cosecant-law subtracted) for the 4 bins are 3.3,

mat and then convolved with tHdRASbeam and degraded to 0 ;

theFIRASCSC resolution (see Lagache 2003 for more details ;’mséﬁsaer:jdt? ;éivfrﬁm; o?g flf arlf:trililc?zc;r_]’ (t?)e r?a%?gtsr: nage
We have removed for each data-set the cosecant law V"&rl'térnatively theDIRBE, FIRAS DMR, WMAP free-free and

ation (1) to avoid the obvious large scale correlations betwe%/rhchrotron data.

all galactic components concentrated in the disc and (2) to be

consistent with th&VMAPdata that measure onlyftBrentially

on the sky and thus does not measure the largest angular scag%. Results
We restrict our analysis tip] > 15° and exclude the Small

: . . The four spectra are presented in Fig. 1 with N&BE data
and Large Magellanic clouds, together with h®phiucus tEoints at 100 and 140m, theFIRASspectra (displayed only

complex. We also remove cold molecular complexes (as Siw -
: . een 210 and 10Q0n), theDMR data points at 90, 53 and
Taurus cloud), and regions where the dust is locally hea Jr:_l ) P

blyggzark\)z ste:rs (like iht?] I-llltr:_egliotr:s) fo.”O‘INm? L?gachtlathet Il these data points are in black in Fig. 1). A zoom on the
( ). We stress out that this latter pixel selection, althou llimeter part of the figure is presented in Fig. 2. We fit the

necessary to keep in the analysis onlﬂ@e parts of the sky, DIRBE 100, 140um andFIRASspectra (200< A < 500 um)

does not change the results and conclusions of the paper. with a modified Planck curve with & emissivity law (the re-

sult of the fit is displayed in Fig. 1 and 2). We know that this fit

is inconsistent wittFIRASdata below~500 GHz where an ex-

cess componentis detected (Reach et al. 1995; Finkbeiner et al.

3.1. Deriving the HI-correlated component spectrum 1999). However, discussing this component is not the goal of
o ] this paper. We only concentrate on the millimeter part on the

The Hi-correlated dust emission is the dominant compon&fjectra and how it relates to the far-infrared emission. It is im-

at high galactic latitude at infrarffdr-infraredsubmillimeter portant to note that this far-infrared dust emission has a stable

wavelengths (exceptin the very low HI column density regioRectrum, not changing with increasing opacity (Lagache et al.

where the Cosmic Infrared Background becomes an importgggg). In this framework, the? modified black body is well

contribution, e.g. Lagache etal. 1999). One way to study the {gpresentative and useful for comparison between spectral far-

frared to millimeter properties of theftlise sky at high galactic jyfrared and millimeter shap&sThis far-infrared dust emission

latitude is therefore to concentrate on the emission correlaigdrapolated at millimeter wavelengths will be called the “sta-
with the HI gas. We search here for the spgipéctral vari- pe thermal dust component”.

ations of the infrared to millimeter emission with the HI gas  Ejrst we see in Fig. 2 that there is a strong millimeter ex-

column densities. cess (with bottDMR andWMAPdata) with respect to the sta-
To compute the emission spectrum of the component gge thermal dust component (i.e. themodified black body).
sociated with HI gas from low to large column densitiesshis excess decreases significantly (by a factor of about 5
we use a dferential method that removes, within Statisticaét 3.2 mm) when the HI column density increaseS, a|th0ugh
variance, any residual infrared emission that is not correlatg far-infrared emission remains nearly constant (at-%

GHz and th&VMAPdata points at 3.2, 4.9, 7.3 and 9.1 mm

3. Analysing the data

1 http://lambda.gsfc.nasa.gov/product/map/ 3 The way we are fiting the far-infrared stable component is not
2 http://www.eso.org/science/healpix critical since we focus on the variable millimeter emission.
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Table 1. WMAP, free-free, synchrotron and stable thermal dust component emissiorir(ify8& normalised to 139 aycn?) in the four HI bins
together with the residual emission (which is equalMMAP— Free-free — Synchrotron — Stable thermal dust). The mean total HI column
densities are 3.3, 4.1, 5.6 an®% 10°° aycn? for the bin 1, 2, 3 and 4 respectively.

Component 3.2mm 4.3 mm 7.9 mm 9.1 mm

WMAP 205x 102 6.15x 101 292x 10 219x1018
152x 10 465x10% 225x10%¥ 1.80x10%
759x 101 226x 101 131x10% 1.27x10%
722x10 203x10% 134x10%% 137x10%
Free-free 1 M¥6x10 102x10% 723x10%* 6.03x10%

A WDN P

2 114x10% 793x10% 565x10* 471x10
3 833x10¥ 579x10¥ 412x10* 344x10%
4 736x10 512x10% 3.64x10% 3.04x 10

Synchrotron 1 B2x10% 428x10* 656x10* 760x101
2 357x10 395x10'* 567x101* 7.24x101

3 427x10 340x10'* 501x10 6.76x 101

379x10% 464x10* 619x10* 820x104

Stable thermal 1 37x10% 395x10%* 553x10'® 1.86x10
dust 2 281x10% 350x10% 490x107'® 1.64x101
3 291x10% 362x10* 508x10' 1.71x107'®

366x 10 455x10* 639x10% 215x10%

Residue 1 B8x10%? 431x10* 148x10% 811x10%
2 109x101 312x101 102x10% 589x10

341x 108 975x 10 342x10 229x104
4 245x108 594x10% 295x10* 220x104

w

level). The far-infrared emission is dominated by the so-calledolecules. For example,d3ert et al. (1990) (see also Draine
Large Grain dust component. The millimeter excess, whiéh Anderson 1985; Puget et al. 1995; Weiland et al. 1986;
changes rapidely with opacity, is thus not likely associated wiiebenmorgen & Kugel 1992; Dwek et al. 1997 and more re-
this dust component. cently Li & Draine 2001) have proposed a consistent interpreta-
We can go further by removing to th&/ MAP emission tion of both the infrared emission infllise HI clouds and the
the corresponding free-free, synchrotron and stable therrivdérstellar extinction curve using a model with three compo-
dust component contribution. The residWdMAP emission is nents: PAHs (Policyclic Aromatic Hydrocarbons), Very Small
shown in Figs. 1 and 2 (red stars) and detailed in Table 1. FirGrains (VSGs) and Large Grains. PAHs and VSGs are small
at each frequency, the residual emission exhibits a strong daough & < 10 nm) to experience significant temperature fluc-
crease (by about a factor of 5) with HI column densities (frotuations after photon absorption. They emit over a wide range
bin 1 to 4). Second, the residual emission decreases from 8f2emperatures and dominate the emissionfar60um. The
to 9.1 mm in each Hl bin. In Fig. 3 are shown tWé8MAPresid- Large Grain component is the more traditional dust component
ual emissions for the 4 bins at 3.2, 4.9, 7.3 and 9.1 mm, naistorically inferred from optical studies. These grains are in
malised to the 90 GHDMR residual emission (the 31 andequilibrium with the incident radiation field with a tempera-
53 GHz DMR residual emissions have also been computéare of about 17 K in the diuse atomic medium (Boulanger
but are not displayed to avoid confusion. Results, althoughal. 1996). The Large Grain dust component is expected, at
more noisy, are in very good agreement WWMAP. This long wavelengths, to be proportional to the total amount of
figure shows that we do not detect any significant variatiosslid material. The large spatial variations of the infrared spec-
in the spectral shape of the residual emissidihus, the HI- trum over the wavelenghts range 12—6® have been inter-
normalised residual emission, although decreasing in amplieted as changes in the abundance of small grains (Boulanger
tude with the HI column density, has a constant spectrum. et al. 1990; Laureijs et al. 1991; Bernard et al. 1993; Abergel
et al. 1994). In particular, strong deficits of the transiently
heated grains emitted at Gn are observed in dense inter-
stellar clouds, these deficits being explained by grain-grain co-
To account for the galactic energy emitted from the michgulation processes (e.g. Stepnik et al. 2003).
infrared to the submillimeter, it is necessary to have a

. o ; It has been shown in Sect. 3.2 that the HI-normalised resid-
broad dust size distribution from large grains down to Iargdeal WMAP emission (i.e. the excess above free-free and syn-

4 This however will have to be quantified when smootheMAP chrotron contributions and the stable thermal dust component)
data with error bars will be available. is well traced at large scale by the HI gas and (1) exhibits a

4. Discussion
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1074 T

10? 10° 10* 102 10° 10*
Lambda (um) Lambda (um)
Fig. 1. Spectrum of the HI-correlated component normalised 8 afcn? (with increasingN(HI) from a) to d). The black diamonds at 100
and 140um are theDIRBE data, the black curve is tHelRASspectrum, the black crosses with error bars arehER data and the black
triangles at 3.2, 4.9, 7.3 and 9.1 mm are WbIAPdata. Also displayed are the free-free and synchrotron contributions (blue stars and green
triangles respectively). The green continous line is the result of a fit dtR6BE 100, 140um andFIRASspectra (206 A < 500 um) with

a modified Planck curve with & emissivity law (the so-called stable thermal dust component). The resMMa&P emission (which is the
WMAPRfree-free — synchrotron — stable thermal dust component) is shown as red stars.

2000 10000 2000 10000
Lambda (um) Lambda (um)

Fig. 2. Zoom on the millimeter part of Fig. 1. Symbols and colors are the same as in Fig. 1. Added is the M&tAREmMIssion after having
removed only the free-free and synchrotron contributions (light-blue diamonds).
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Table 2. Excess residual emissionR,) at 3.2, 4.9, 7.3 and 9.1 mm with 240, 140, 100 associated brightnessegni#isw normalised to

102 aycn®?) for the 4 HI bins. The 6@m brightness is given fdg| > 3° and|s| > 15° to show that the decrease may not be due to any residual
zodical light emission. Also given are the gt brightnesses corresponding to the Very Small Grains dust component only (we have remove
from the 60um emission) (60 um), the best? modified black body fit done on the Large Grain dust component).

HI bin 1 HI bin 2 HI bin 3 HI bin 4
VR,(3.2 mm) 158x 102 109x102 341x10° 245x107%
VR,(4.9 mm) 431x 10 312x 1018 975x 104 594x 10
vR,(7.3 mm) 148x 1013 102x 10 342x 10 295x 10
vR,(9.1 mm) 811x 10 589x10% 229x10% 220x 10
v1,(240m) 181x10°% 163x10° 159x10® 1.83x10°®
v1,(140m) 390x10° 354x10° 341x10° 3.90x 10°®
v1,(100m) 261x10° 254x10° 231x10° 243x10°®
v1,(60um) | > 3 116x10® 937x10° 7.18x10° 6.48x10°
Vivss(B0um) |8l > 3  9.24x10° 698x10° 4.94x10° 421x10°
v1,(60um) 8] > 15° 934x10° 7.23x10° 457x10° 492x10°

vivse(60um) |8 > 15  7.01x10° 483x10° 232x10° 265x10°

constant spectrum from 3.2 to 9.1 mm but (2) significantly de-
creases in amplitude whe¥y, increases, contrary to the far-
infrared emission (associated with the so-called stable thermal
dust component) which stays rather constant (cf. Table 2). It is -
thus very likely that the residu@/MAP emission is not asso- &
ciated with the Large Grain dust component. The decrease in ¢
amplitude ressembles in fact to the decrease of the/?A8s = 1F
emission observed in dense interstellar clouds. By extrapolat-=,
ing the PAHVSGs behaviour from dense interstellar clouds
to the dituse medium, we may expect, when increasing the o
HI column density, to decrease the PAH and VSGs propor-
tion and thus the HI-normalised mid-infrared emission. If this 1 1 1 1
is true, then the PAWSGs Hl-correlated emission should de- 1 5 5 4
crease with HI column densities. This decrease, if present, is Bin number

very hard to observe inthe_miq-infrared due to the strong res}qg& Hi-normalised residuaWMAP emission at 3.2 (red), 4.9
ual interplanetary dust emission at large scale. OrDHRBE (green), 7.3 (blue) and 9.1 (magenta) mm. All spectra are normalised
bands, only the 60m may be used. We have computed for thgn theDMR 90 GHz residual emission for the first HI bin (black points
4 HI bins the 6Qum HI-correlated emission with two fier- with error bars). The HI column density increases from bin 1 to 4
ent cuts in ecliptic latitudelf] > 3° and|g| > 15°). Although (from 3.3 to 99 x 10?° aycn¥). No significant variations in the spec-
the absolute level of the 66m HI-correlated emission variestral shape of the residual emission is detected.

for the 2 cuts, we observe nearly the same significant decrease

of thg HI-normalised 6Qum emission with the HI co_Iumn agreement with th&VMAP emission at 7.3 and 9.1 mm,
density (cf. Table 2). The 6fm band may be contaminated ;s inconsistent with the 3.2 mm emission.

2

L

by the Large Grain emission (30 to 40%, e.esBit et al. _ 1 vSGs long-wavelength emission. VSGs are transiently
1990). Therefore, we remove to the 6 emission the Large  peated when an ultraviolet photon is absorbed. The mean
Grain contamination using the bestmodified black body fit  jnterval between successive ultraviolet photons is longer

(Fig. 1). The observed decrease a0 becomes even larger 5 the cooling time and thus, between 2 impacts, the tem-
(Table 2). Although this result should be interpreted with care perature of the particles is very low (but is at least the CMB

due to the zodiacal contamination at 6, it suggests that e mperature). Such particles could therefore emit signifi-
the WMAPresidual emission is associated with the small tran- cant emission in the millimeter channels.

siently heated particles.

The previous results suggest the anomalous microwallee models have large uncertainties linked to the unknown
component is associated with the transiently heated dust gaeperties of the small particles. It is therefore verffidult
ticles, but its exact physical mechanism remains to be fourd predict the exact contribution of the two in the millimeter.

On the possible models of the anomalous emission linked to .
the transiently heated particles are: AcknowledgementsThe author thanks th&/MAP team for having

provided to the community beautiful data. Many thanks to J.-L. Puget

— The “spinning-dust” which is the rotational emission fronand F. Boulanger for having carefully read this paper and for fruit-
very small dust grains (Draine & Lazarian, 1998a, 19988}l discussions. Thanks also to J.-P. Bernard for his help in the data
However, although the spinning dut emission is in goodanipulation.
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