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ABSTRACT

The Planck and Herschel missions are currently measuriadathinfrared to millimeter emission of dust, which cordsinwith
existing IR data, will for the first time provide the full sgeal energy distribution (SED) of the galactic interstellaedium dust
emission, from the mid-IR to the mm range, with an unprecttesensitivity and down to spatial scale80”. Such a global SED
will allow a systematic study of the dust evolution proces@&eg. grain growth or fragmentation) that directffeat the SED because
they redistribute the dust mass among the observed grags.sthe dust SED is alsdfacted by variations of the radiation field
intensity. Here we present a versatile numerical tba§tEM , that predicts the emission and extinction of dust graiusrgtheir size
distribution and their optical and thermal properties. ldes to model dust evolutiobustEM has been designed to deal with a variety
of grain types, structures and size distributions and todbe ® easily include new dust physics. We DsatEM to model the dust
SED and extinction in the fluse interstellar medium at high-galactic latitude (DHGA patural reference SED that will allow us to
study dust evolution. We present a coherent set of obsensfor the DHGL SED, which has been obtained by correlatieglR
and HI-21 cm data. The dust components in our DHGL model apof§cyclic aromatic hydrocarbons, (i) amorphous carlod
(iif) amorphous silicates. We use amorphous carbon duserrghan graphite, because it better explains the obséigadbundances
of gas-phase carbon in shocked regions of the interstekaium. Using th@ustEM model, we illustrate how, in the optically thin
limit, the IRAS/Planck HFI (and likewise Spitzgterschel for smaller spatial scales) photometric banasaif the dust SED can
disentangle the influence of the exciting radiation fiel@émsity and constrain the abundance of small graans {0 nm) relative to
the larger grains. We also discuss the contributions of ifierdnt grain populations to the IRAS, Planck (and similaslyderschel)
channels. Such information is required to enable a studigeévolution of dust as well as to systematically extractihrgt thermal
emission from CMB data and to analyze the emission in thedRlpolarized channels. TtrustEM code described in this paper is
publically available.
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1. Introduction tivity and angular resolution. Complementing these obeitons
. . ) with the existing IR data from ISO, Spitzer and IRAS, we will

Dust plays a key role in the physics (e.g. heating of the gag,on have at our disposal the global dust SEDs, where the emis
coupling to the magnetic field) and chemistry (formation of H sion from grains of all sizes is observed. Such data willvallo
shielding of molecules from dissociative radiation) of theer- 5 1o undertake systematic studies of the key dust evolption
stellar medium (ISM). Heated by stellar photons, dust gréR cegses in the ISM (e.g. grain growth and fragmentation)ciwhi
diate away the absorbed energy by emission in the near-IR3Q nrimarily reflected in the variation of the dust size ritist
mm range. Dust emission can thus be used as a tracer of §3§ ang, in particular, in the ratio of the abundance snalings
rad|at|0_n field intensity and, hence, of star formationagti (5 < 10 nm) to large grains (e.g. Stepnik et al. 2003; Paradis
Assuming a constant dust abundance, the far-IR to mm ddsh| 2009a; Rapacioli et al. 2005; Berné et al. 2007). Bust
emission is also used to derive the total column density@lofiion encompasses many complex processes and its impgict ma
aline of sight and to provide mass estimates. The impactsff de stydied using the dust SED for thétdse interstellar medium
on th_g ISM and the use of its emission as a tracer of th_e |0%ﬁ|high galactic latitude (DHGL) as a reference. We presere h
conditions depends on the dust properties and abundane®s. } coherent data set for the DHGL and the corresponding dust
therefore of major importance to understand dust propeate ,,del used to match these observations.
their evolution throughout the ISM.

The instruments onboard the Herschel and Planck satel- A suitable dust model has to, ideally, explain all of the
lites are currently observing the dust spectral energyibigion available observational constraints, these are prima(ijythe
(SED) from the FIR to the millimetre with unprecedented sensextinction curve, (i) the emission brightness spectruim or
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Table 1. Dust SEDy |,, and its uncertaintyr(v 1,,), in unit of 10-3°W sr~1 H-* measured for the BEiuse High Galactic Latitude (DHGL) medium.
The DIRBE and WMAP values were obtained by correlation ofrtteasured intensities with H | emission data and correctedt¢ount for the
contributions of the dfuse ionized medium and theflilise molecular gas (s€et.1). The Herschel PACS, SPIRE and Plghitk values were
derived by integrating the FIRAS spectrum ($e&1) considering the instrument transmission and colaection.

Instrument DIRBE DIRBE DIRBE DIRBE DIRBE DIRBE DIRBE DIRBE WAP WMAP

A (um) 3.5 4.9 12 25 60 100 140 240 3200 4900
v, 8.4 95 616 30.7 476 1606 2166 992 4.0°108210°
avl) 1.0 1.1 7.3 3.6 1.1 19.0 18.8 89 1510 4.910°

Instument  PACS — SPIRE _SPIRE _SPIRE _HFI HFI AFI

A (um) 160 250 350 500 350 550 850

VT, 2170 1000 373 11.6 36.0 83 14

avl) 34.7 9.3 3.3 1.5 3.2 1.4 0.3

SED (Spectral Energy Distribution), (iii) the elementaptie 2. The DustEM model capabilities
tions, (iv) the spectral dependence afitcéency of polarization , . .
in emission and extinction and finally, (v) the plausibilaga Accounting for the emission from dust, for which the proper-
given dust component in view of its likely formation and deti€s evolve in the ISM, requires a model that easily alloves th
struction in the ISM. Early models focused on explaining thdust properties to be changed and mixed, and where new dust
extinction (some of them also describing polarization bsfer- Physics can easily be incorporated and tested. In thiscseate
ential extinction) and used silicates and carbonaceousriaht Préesenta numerical todustEM , which is designed to this end
(e.g. Mathis et al. 1977; Draine & Lee 1984; Kim et al. 1994ja,1nd tha’gprowdes the extinction and emission formtelmtelpst_
Kim & Martin 1995: Li & Greenberg 1997). In the 1980’s, thepopulatlons. Note tha]:ustE_M computes the_ Io_cal dust emissiv-
spectroscopy of dust emission in the IR lead to the introdué: and as such, does not include any radiative transfeutzi
tion of a population of aromatic hydrocarbons called pobjicy tion, so that it can bg m_cluded as asource and_extlnctlcm e r
aromatic hydrocarbons (PAHs). However, current models affiere complex applications explicitly dealing with energyris-
to consistently reproduce the observed extinction andsiaris POrt through optically thick media.
(Désert et al. 1990, hereafter DBP90) (Siebenmorgen & ¢elie
1992; Dwek et al. 1997; Li & Draine 2001a; Zubko et al. 2004;
Draine & Li 2007, hereafter DL0O7) as well as the associated 3(2).1. The DustEM model
larization (Draine & Fraisse 2009). Further details of thestd TheDustEM model stems from that of DBP90 but the code has
modelling process can be found in recent reviews on intéaste been completely re-written in fortran 95 in order to achithe
dust, such as those by Draine (2003a); Li & Greenberg (200gpals described above. We use the formalism of Désert et al.
Draine (2004). We emphasize here that all of thigedent dust (1986) to derive the grain temperature distributatfydT and
models, developed to date, have been designed using edigentpustEM then computes the dust SED and associated extinction
the same observational constraints (e.g. Li & Greenberd;19%or given dust types and size distributions. To correctlyaiibe
Zubko et al. 2004; Draine & Li 2007). the dust emission at long wavelengths the original algorittas
Carbonaceous dust is often considered to be in the formhen adapted to better cover the low temperad@yeT region.
crystalline graphite because it can explain the 217 nm bumplsing an adaptative temperature grid, we iteratively sBlge25
the observed extinction curve. The question of the origithif from Désert et al. (1986) in the approximation where thergra
feature is however still open because graphite cannot ixplaooling is fully continuous This topic will be discussed in de-
the band profile variability observed in the ISM (Fitzpatri& tail in a forthcoming paper, along with its consequencegter
Massa 2007; Draine 2003a). In fact, throughout the dustylife emission of small grains and gas-grain interactions. Nwteun-
cle, from dense molecular cores to théfulse I1SM, the grain less explicitly specified in the input file, the @A calculation is
populations are the result of complex, non-equilibriumlevo performed for all grain populations and sizes includingsthtor
tionary processes and it appears natural to consider thadrca which the thermal equilibrium approximation would appler
dust is amorphous, as observations have clearly demagdtradrincipal input parameters for the dust model (e.g. grapesy
for silicate grains (e.g. Li & Draine 2001b; Kemper et al. 200 dust-to-gas mass ratios) used to compute the requiredieant
Li et al. 2007). We follow this train of thought in this workare read from a control input file along with keywords (e.gtth
and examine the possibility that all carbonaceous graxsef®@ specify the size distributions or the output®)stEM can handle
PAH) are amorphous and partially hydrogenated in the itekrs an arbitrary number of grain types. The built-in size dimitions
lar medium. dn/da (the number of grains of radius betweganda + da) are
The paper is organized as follows: we first present our modgither power law or log-normal but any size distributions ba
DustEM and the developed dust SED-fitting tool (Sect2). Weiven in input data files. For each grain of specific mass den-
then discuss why amorphous carbon is the most likely caity p, the radiusa is defined as that of an equivalent sphere of
bonaceous dust grain component in the ISM (Sect 3). Sectiomassm = p 4ra®/3. For a given dust type, the optical proper-
presents a coherent data set for the DHGL SED and the adigs are provided as a function of the grain radiuis the data
ciated dust model that serves as a reference SED for the elis, namely:Q-files for the absorption and scatterinffigien-
uation of the nature andficiency of dust evolution processescies, Q(a, 1), andC-files for the heat capacity per unit volume,
In Sect. 5, we show how changes the dust abundances and sizes
can be traced from their global SED, thus allowing a study oft The grain cooling is taken to be as in Eq. 8 of Désert et aB§)L.9
dust evolution. The conclusions and perspectives of thiskwawhere the heating term is neglected and the ¢iiexergy is that of the
are drawn together in Sect.6. hardest photons in the radiation field.
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Table 2. DHGL dust model abundances and size distribution param-
eters (seg4.2). Y is the mass abundance per hydrogen for each dust T L B R R R L1 N R
component.fy,, is the dust component mass as a fraction of the total r Silicates (0Sil) —---—--- _ ]

dust mass. b Carbonaceous
C PAH oo

[ SamC - - - — - ]
2r LomC — — — - 7]

o =N) Y fMtot
(nm) (M/My)
PAH 0.1 0.64 8107 7.7%
SamC 035 2.0 B510% 1.6%

@ Amin A, & Y
(nm)  (nm)
LamC -2.8 4.0 150 2.0 45103 14.2%
asil -34 40 200 2.0 B810° 76.5%
TOTAL 102103

Mass log( 10 n,™" o dm/da )

C(a, T)% The Q andC values are provided over the broadest
possible size range (usuaky.3 to 1¢ nm). Any grain type can E :
be considered once the@mandC-files have been generated and E ; \
are in theDustEM data file set. The requested dust sizes have to —ob il e il el
fit within those used in the above files (i.e. extrapolationas 1 10 100
allowed). a (nm)
A size-dependent weight factor (or mixing) read from a data
I:Ir?ct(i;(?rrl] gr?dagmliggi;?]_a‘|r']|¥isgI:“gv\t/)épsswtglI(tealggn;np)tgtlggclct)ir?t)i:-g' 1. Mass distribution for the four dust types used in the DHGL
Y odel.
number of &ects, e.g., the ionization of PAHs or more gen-
erally the evolution of one grain type to another as a fumctio
of size. The format of th®ustEM tabulated size distributions vironment. In particular, it is possible through this irisee, to
(and their elemental composition as a function of size, Becaprovide a given SED, and the associated error bars, to be fitte
of composite grains) data files is shared viths tEV, the dust by DustEM . The SED fitting uses tharrir (Markwardt 2009)
evolution model described in Guillet et al. (2010, in prepar IDL minimization routin€, which is based on the Levenberg-
tion) and which follows the evolution in composition andesizMarquardt minimization method. This allows the user toater
of charged dust grains as a result of coagulation and fragamenively modify any of the model’s free parameters, in order fo
tion processes. The default outputs froustEM are the emis- the model prediction to converge on the provided SED. In this
sivity per hydrogen atomNy = Npi + 2Ny,) for each grain process the wrapper uses thestEM computed spectrum to pre-
type 4rvl,/Ny in ergs'H™* and the extinction cross-sectiondict the SED values that would be observed by astronomieal in
per gram for each grain type (in ém*). When required (and struments, iteratively taking into account the appropriadlor
via keywords in the input control file) the grain temperatti®e  correction for wide filters and the flux conventions used kg th
tribution and the dust emissivity can be provided for eadirgr instruments. The currently recognized settings include fin
size. When requiredustEM also allows the use of temperatureter used by the IRAS, COBE (DIRBE, DMR), Spitzer (IRAC,
dependent dust emissivity (see Appendix B). MIPS), Planck (HFI, LFI) and Herschel (PACS, SPIRE) satel-
The current development plan fdustEM consists of the in- lite instruments, as well as that of the Archeops and Pronaos

clusion of (i) the spinning dust emission, (ii) the poladzex- balloon-borne experiments. The target SED can also incdnde
tinctioryemission, and (iii) the physics of amorphous solids #itrary spectroscopic data points, (such as for the COBEAS
low temperatures (Meny et al. 2007). As for the mixing or ther Spitzer-IRS observations) for which no color correcioap-
B-correction, each process is activated with a keyword gimenplied. The fitting of an SED to a reasonable accuracy through
the input control file and the associated parameters oragdall this interface generally requires a few minutes of a sind#JC
values are then given in a specific filristEM can also be used The resulting best fit parameters are provided with theigira
as a subroutine in radiative transfer models, such as theldfeu error bars, as derived from therr routine. The wrapper also
PDR codé, which solves for the gas state and dust emissivityses the capability oferrr to tie various free parameters through
DustEM can also be used as a subroutine of the 3D-continuwruser specified function. It also includes the concept of-use
transfer model (CRT)of Juvela & Padoan (2003). written subroutines (e.g. a subroutine to manage the PAH ion
ization fraction). The wrapper can also be used to generate
2.2. The IDL wrapper pre-calculated SED tables for the instruments mentionedeb

- which can then be used to perform regression for a limited set
The DustEM code is coupled to a wrapper written in IDLOf free parameters. This method is well adapted to problems
(Interactive Data Language). The wrapper allows the usemo Where the directfitting of individual SEDs over many image-pi

DustEM iteratively from a code development and debugging eg!s would require too much CPU time.
Past applications of thustEM wrapper to fit SEDs have

2 Size-dependent heat capacities are required to descridg®ao- included deriving the InterStellar Radiation Field (ISR¥Epl-

H ratio) and composite grains. ing factor and the dust mass abundances (Y) for the variosts du
® Available athttp://pdr.obspm. fr/PDRcode . html grain types, as well as constraining the size distributibweoy
4 Available at

http://wiki.helsinki.fi/display/~mjuvela@helsinki.fi/CRT 5 To be found ahttp://purl.com/net/mpfit
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Fig. 2. Dust emission for the DHGL medium. Grey symbols and curvdiate the observed emission spectrum §séd) forNy = 10°°H cm2.

The mid-IR ¢ 5 — 15um) and far-IR & 100— 1000um) spectra are from ISOCAMVF (ISO satellite) and FIRAS (COBE satellite), respedtive
The triangle at 3.3im is a narrow band measurment from AROME balloon experinfégiiares are the photometric measurments from DIRBE
(COBE). Black lines are the model output and black squaresithdeled DIRBE points taking into account instrumentaignaission and color
corrections.

small grains (VSGs), based on SEDs including a combinafionsirong absorption band (dueto— #* transitions in spcarbon)
IRAS and Spitzer data (e.g. Bernard et al. 2008; Paradis. etsmilar to the 217 nm bump observed in interstellar extoncti
2009b) and Herschel data (Bernard et al. 2010). Future dev@techer & Donn 1965). However, such a feature exists in many
opments of the wrapper will include the possibility to sitaul carbonaceous materials containing aromatic rings and g
neously fit extinction and emission and to follow the plannedific to graphite. In addition, detailed modelling of the bao-
evolution of the fortran code. file by Draine & Malhotra (1993) has shown that graphite gsain

DustEM is developed within the framework of a collab-cannotexplain the observed bandwidth variability (Fitziok &
oration between IAS and CESR. The fortran code, the IDMassa 2007). Draine & Malhotra (1993) suggest that this-vari
wrapper and the associated data files can be downloaded frpiity may be due to the presence of hydrogen or defectswith
http://www.ias.u-psud. fr/DUSTEM. graphite.

In fact, observational evidence strongly suggests thétooar

dust consists of hydrogenated amorphous carbon (HAC or a-
3. The nature of interstellar carbon grains C:H) materials that form around evolved stars, metamonphos

there (e.g., Goto et al. 2003) and further evolve in the ISM.(e
We discuss here the plausible nature of carbon dust grathgin Jones et al. 1990; Pino et al. 2008; Jones 2009). HAC material
ISM. Carbonaceous dust is formed in the ejecta of evolvad staould also form directly into the ISM from the UV processing
but, seemingly, must also form directly in the ISM (Zhukoaskof ice mantles after leaving the dense medium as suggested by
et al. 2008; Draine 2009a; Jones 2009). The smallest carbo@aeenberg et al. (1995) or via direct accretion of carbonrand
ceous species contain a few tens of C-atoms and are ass@nettogen (e.g. Jones et al. 1990). In quiescent regions of thesd
PAH-like species due to their spectral similarity to theeved ISM ~ 40% of the available carbon is observed to be in the gas
mid-IR emission bands. The nature of the larger carbonacede.g., Cardelli et al. 1996). In contrast, in regions of t&MI
grains is less clear, in particular, because of the lack etifis  shocked to velocities of the order of 180150 kms* as much
spectroscopic signatures. Graphite was long-ago propsad as 80— 100% of the carbon atoms are observed to be in the gas
interstellar dust component because its optical anisgtcopld phase (Frisch et al. 1999; Welty et al. 2002; Podio et al. 2006
naturally explain the polarization of starlight dimmed bystl Slavin 2008), indicating that a large fraction of the carloloist
(e.g. Cayrel & Schatzman 1954) and especially since itfeata has been destroyed. Graplteorphous carbon dust processing
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Fig.5. Infrared extinction of dust in the DHGL medium. The grey cir-

Fig. 3. Long wavelength emission of dust in the DHGL medium. Gre}%lf)zeslhow the observed extinction (Mathis 1990). Blacksliaee the

symbols and curves indicate the observed emission spetesh4.1)
for Ny = 10°°Hcmi2. The spectrum is a FIRAS (COBE satellite) mea-

surment. Squares and diamonds are the photometric meassriram ' . .
DIRBE (COBE) and WMAP, respectively. Black lines are the mlod models (Tielens et al. 1994; Jones et al. 1994, 1996) prewitt

output and black squares the modeled DIRBE points taking act &t Most, only 15% of graphitic carbon dust should be eroded
count instrumental transmission and color corrections. n SUCh ShOCkS (fOI’ S|I|Cate dUSt the Observatlons and I‘mﬂ-}le|

sults agree rather well). This discrepancy for carbon dust i
plies that we need to re-consider the nature of carbonackmiis

25 T I 1 1 T in the ISM. Serra Diaz-Cano & Jones (2008) re-evaluated the
[ —— ;it:l ] processing of carbon grains in shocks, using the physical pa
—~ 20F ----- SamC a rameters typical of a-C:HAC, rather than of graphite. Their
< [ ———- "%TC ] newly-calculated sputtering yields for a-GHHAC indicate that
e [ o ] it is significantly more susceptible to sputtering than it
c 1.5¢ 7 and they showed that 36 100% of these type of carbona-
& [ ] ceous grains are destroyedl 60— 100% carbon in the gas) in
© 10k = 100- 200 km s supernova-generated shock waves in the warm
~ i T p inter-cloud medium. These results, along with similar Hssab-
5 [ ERRt L] tained for PAH evolution in shocks and in a hot gas (Micelotta
© 05 T p et al. 2010b,a), are in good agreement with the observatibns
i /4;/_‘;"_"7.;»'; e ] shocked regions of the ISM (e.g., 80100% of the carbon in
0.0 ftfZy yodbipqopobgopopdopomgop gy tshle gasz;olz)réigs)ch et al. 1999; Welty et al. 2002; Podio et al6200
[ - . ] avin .
Chlew'Ck'Lﬁf;eLfgfrv?;{St 83?232 1 Thus, even if all the carbonaceous dust formed around
o8r Morgan et al. (1980) O ] evolved stars were to be in graphitic form, an unlikely sce-
i ] nario, it would subsequently be modified, by ion irradiaffery.,
o 0.6 DLO7 ,% . Banhart 1999; Mennella et al. 2003; Mennella 2006) in shocks
9 [ 1 and by cosmic rays in the ISM, to an amorphous form implanted
@ : % 1 with heteroatoms, principally H atoms. However, given the r
< 04r 7] sults for the processing of a-G/HAC dust and PAHs (Serra
i 1 Diaz-Cano & Jones 2008; Micelotta et al. 2010b,a), the iwh a
o2k s = electron_irradiation of carbon grains in shpcks appea_remloy
i DBP90O 1 destructive. Therefore, the carbon dust in the ISM is prbbab
| A completely re-processed on short time-scales, rathersingsly

being modified by ion irradiationfiects in shocks.
0 2 4 _61 8 10 The physical and chemical properties of a-@HAC solids
/A (pm™) are sensitive to the external conditions (e.g., photon, aon
_ o _electron irradiation) and can undergo a process of ‘araaati
Fig.4. The extinction curve (top) and albedo (bottom) for dust ifion’ when heated or exposed to UV or ion irradiation (e.g.,
the DHGL medium. In the top panel, the grey diamonds show tiigjay et al. 1989; Jones 1990; Jones et al. 1990: Jones 2009).

Fitzpatrick (1999) extinction law foR, = 3.1. Error bars come from : .
the dispersion of the observed extinction curve. The bogianel over- Laboratory experiments on interstellar carbon dust anadsg

lays the model albedos from DBP90 and DLO7 (grey lines) amh the (()e.g., Dartois e.t al. 2004) Sh_OW tha_t hydrogen-riets0 atomic
DustEM model (black line), compared to the observational datatpoin %0 H) HAC solids can explain the interstellar absorption ksand
at 3.4, 6.85 and 7.2bm and that the thermal annealing of the
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scribe the observations used and the model that reproduesss t
10‘7: T T T T T TTTI T T T T 17T observations.

Our model

DLO7

! ,~ ~DBP9O - - - -
N

4.1. The observables

A first observational constraint on the dust model comes from
measurements of the dust extinction and scattering priepert
For the extinction curve we use the data, Ry = 3.1, from
Fitzpatrick (1999) in the UV-visible and Mathis (1990) ineth
infrared. We normalize the observations using the empidea
termination ofNy /E(B — V) = 5.8 x 10°* H cm?, obtained
by correlating the reddening of stars with the HI angdddlumn
densities derived from Copernicus and FUSE far-UV spectro-
scopic observations (Bohlin et al. 1978; Rachford et al.2200
The dust albedo is taken from the work of Lillie & Witt (1976);
10-9k/ 1) Morgan (1980); Chlewicki & Laureijs (1988).
Lol 00l RSN B The dust model is also constrained by observations of the
10 100 1000 dust emission from near-IR to mm wavelengths. We use data at
A (um) high Galactic latitudes from the COBE and WMAP space mis-
sions to determine the SED of the dust emission. Severabesith
Fig. 6. The dust emission for our DHGL model compared to those &€-9- Boulanger et al. 1996; Arendt et al. 1998) have andlyze
DLO7 (U=1, gpay = 4.6%) and DBP90 foN,; = 10?° H cm 2. For the COBE data, but, to our knowledge, no publication presant
DBP90, the measured SED used as a reference was highemimxglai coherent set of measurements obtained over the same sky area
the deviation at wavelengths larger thar20 um. To reduce the uncertainties associated with variationseofltist
emission per Hydrogen atom across the high Galactic lagitud
sky, we have made our own determinations. We used the DIRBE
d FIRAS data sets, corrected for zodiacal light, avaslatil
ambda.gsfc.nasa.gov. For WMAP, we used the seven-year
demperature maps (Jarosik et al. 2010), and subtractedtie c
mic microwave background (CMB) using the map obtained with
the internal linear combination method (Gold et al. 2010)e T

107k

v, (Wm™?2sr)

material is accompanied by an increase in the aromatic nar
content (i.e., ‘aromatization’). The HAC model for hydroca
bon grains in the ISM (e.g., Jones 2009, and referencesiiher
would therefore predict that the larger grains, with terapaes
in equilibrium with the local radiation field, should be rath SO o 2
hydrogen-rich because they do not undergo significant heli£€-frée contribution to the emission was subtractedg.tie
ing. In contrast, the smaller, stochastically-heatedraiill be M0del of Dickinson et al. (2003). S
converted to hydrogen-poorer, lower density, smaller gapd At wavelengths> 60um up to the WMAP centimetric data
aromatic-rich materials. The photo-fragmentation of tnaker, We determined the interstellar emission per Hydrogen atpm b
aromatic-rich grains could then be an important source démo correlating the dust emission with the HI line emissiop,,
ular aromatic species such as PAH s and molecular fragmel@éen from the Leiden-Argentina-Bonn survey (Kalberlalet a

(e.g., Jones 1990; Duley 2000; Petrie et al. 2003; Pety20ab; 2005). We obtained a coherent set of measurements by using
Jones 2005, 2009). the same sky area, defined by the galactic latitude and HF-emis

In addition to the PAHs, we assume that the interstell§ion constraintgb| > 15 andly < 300 K km s, for all
carbonaceous grains are in the form of hydrogenated amogvelengths. We discarded bright point sources, nearbgaenol
phous carbons, collectively known as a-C:H or HAC, rathanth ular clouds in the Gould Belt, and the Magellanic clouds. The
graphite, and adopt these materials as an analogue fostigiter error-bars on each measurement were obtained by dividig th
lar carbon dust (e.g., Jones 1990; Dartois et al. 2004; Bagto sky area into four sub-areas, and comparing results betstéen
Mufioz-Caro 2007; Dartois et al. 2007; Pino et al. 2008; donareas. These error-bars are dominated by systematicivasaff
2009). For the optical properties of these amorphous catbothe SED from one sub-area to the others.
we here use the BE sample complex refractive index data, de- It is not possible measure the interstellar emission at-near
rived from laboratory measurement by Zubko et al. (1998)go and mid-IR wavelengths over the same sky area that we used
representative of $pand sp containing (hydrogenated) amor-for the longer wavelengths. At mid-IR wavelengths, and idets
phous carbons (see AppendixA.2). However, we point out thelean areas near the ecliptic poles, uncertainties in tdazal
these materials can have a wide range of properties andaheselight removal are larger than the high galactic latitudeistellar
evolve as a function of the local conditions. emission. At near-IR wavelengths the stellar emission mmido

nant and its subtraction is an additionaffidiulty in measuring
the interstellar emission. At wavelength5um, we have thus
4. A dust model for the diffuse high galactic latitude used the colord,(1)/1,(100um), measured over distinct sky ar-
medium eas by Arendt et al. (1998) (see their Table 4). We point out
that their 14@100um and 240100um colors, measured over a
We follow earlier studies (e.g. DPB90) in using observatiorsmaller sky area near the Galactic pdles- 45°, are 10- 15%
of the ditfuse interstellar medium in the Solar Neighborhood tower than our values. Thisfiierence reflects small variations of
constrain our dust model. The model fitted to these obsemnati the far-IR colors across the high Galactic latitude sky.SE&pa-
defines a reference SED with which to compare and charagtettial variations make the near and mid-IR parts of the SED more
dust evolution as a function of the local interstellar eominent uncertain than the far-IR part, which we determined coasift
in the Galaxy and in external galaxies. In this section, we dever a single sky area. We have complemented the DIRBE data
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Table 3. The elemental abundances ($ek1 for details).

[} @) Mg Si Fe
Measurements
a[X/10PH]g 269+33  490:60 40:4 322 323
b[X /10PH]r ey 358:82 445156 42.&£17.2 39.913.1 27.97.7
C[X/10°H]gas 75:25  31%14 ~0 ~0 ~0
X/10H] g0 194+41 17162 40:4 322 323
[X/1PH]ausyrox  283t86  126:157 42.%17.2 39.913.1 27.97.7
DHGL dust model
[X/10°H]pan 65 - - - -
[X/loﬁH]SamC 14 - - - -
[X/loaH]LamC 121 - - - -
[X/10°H]asi - 180 45 45 45
[X/10°H]roraL 200 180 45 45 45

Notes. @ from Asplund et al. (2009)
®) from Sofia & Meyer (2001)
© C estimate is from Dwek et al. (1997) while the O estimatedgfiMeyer et al. (1998)

points with the narrow band\@ = 0.17um) photometric point tory elements during the star formation due to sedimentatio
at 3.3um from the AROME balloon observatory measured teandgor ambipolar difusion processes (Snow 2000). Note that
wards the molecular ring (Giard et al. 1994). The mid-IR spethis could also be the case for lower mass stars (e.g. the sun,
trum is the ISOCAMCVF spectrum for a diuse region at galac- Asplund 2008), raising the question of the existence of kkaste

tic coordinates (28.6;0.8) presented in Flagey et al. (2006) andtandard that represents the overall ISM abundances. Tére in
scaled to match the }2n emission per hydrogen. stellar gas phase abundances used are from Dwek et al. (1997)

; : feai ; for the carbon and from Meyer et al. (1998) for the oxygen. The
For optically thin emission the HI cutfibused in the correla-

tion analysis corresponds to a column density of neutrahato DWeK etal. (1997) value of 2825 ppm for the gas phase C abun-
hydrogen of 5 x 107° cm2. Over this sky area, the interstellardance is in good agreement with recent estimates by Sofia &
emission arises primarily, but not exclusively, from dusthim - arvathi (2009). We emphasis that, as argued by Draine {009
neutral atomic interstellar gas. Emission from dust assedi N View of the assumption that are made for dust propertigsse
with diffuse K and HIl gas also needs to be taken into ad:_|ally densityporosity) and the uncertainties on the abundances,
count. Using the FUSE data reported by Gillmon et al. (200 model that departs from the measured elemental solid phase

we estimated the fraction of Aas over the selected sky are E:mdances by tens of percent should still be considered as v
to be~ 3%. lonized gas accounts for a larger fractienZ0% able.

Reynolds 1989) of the hydrogen in theffdse ISM. The H

emission from the diuse HIl gas has been shown to be spg;, 1, del

tially correlated with HI gas emission (Reynolds et al. 19095 & mode

We assume that the dust emission per hydrogen atom is the sg@enodel the DHGL data set we use three dust components:
in the neutral and ionized components of thudie interstellar (i) PAHSs, (i) hydrogenated amorphous carbon (hereafte€am
medium, and thus we scale the SED derived from the dust-Gid (jii) amorphous silicates (hereafter aSil). The prtipsrof
correlation by 0.77, to obtain a dust emission per hydrog@ma each type are described in the AppendixA. In the course df dus
that takes into account the contributions of thédie ionized evolution, composite or core-mantle (silicate-carbom)ms are
medium and the diuse molecular gas. The corrected SED valikely to appear that would lead to a similar polarizatiorboth

ues and error-bars are listed in Table 1, where the FIRAS-spge 3.4um absorption band of amorphous carbon and the®.7
trum has been convolved with the Herschel and Planck transmiand of the silicates (see Adamson et al. 1999; Li & Greenberg
sion for the relevant spectral bands. The full SED is plotted 2002). We do not consider such composite grains here because
Fig. 2 and Fig. 3. From 10@mto 3mm, the SED is well fit by a recent spectropolarimetric measurements by Chiar et @06
black body spectrum with a temperature of 17.5 K, and an emjgdicate that the 3.4m band is not polarized while the Qi
sivity o< v* for 4 < 450um andec v at longer wavelengths. pand along the same sightline is polarized. Although such ob
The difuse HII must also contribute to the extinction along difservations should be pursued, these results may indicaténih
fuse lines of sights as suggested by thiedence between in- carriers of the 3.4 and 9. features belong to physically sep-
tercloud and cloud for the value oN(HI) + N(Hz))/E(B—V)  arated dust populations where the former are poorly eleagat
reported by Bohlin et al. (1978). Here we use the standargevabr not well aligned with the magnetic field while the latteear

of 5.8 x 10** cm* mag* also found by Rachford et al. (2002)Further constraints on this issue will be obtained from Bkan
towards “translucent lines of sightfy, ~ 0.5, 1< Ay 5 3). measurements of polarized dust emission in the submm range.

Table 3 lists the measured elemental abundances and ohferre The size distribution and abundance of the dust components
dust elemental abundance relevant for our model. The soteve been adjusted in order to reproduce both the extinatidn
abundances are those of Asplund et al. (2009) while the F,e@ission. The required size distributions are shown in e f
stars (young< 2 Gyr F, G disk stars) abundances are those of their mass distributions in Fig.1. The population of amor
Sofia & Meyer (2001). We do not consider B stars that hayhous carbon dust has been divided into small (SamC) anel larg
lower metallicity, because of the possible segregatiorefsbc- (LamC) grains, but the overall size distribution of carboeaus
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Fig. 7. The modeled dust emission per H atom for scaling factorshiethie MMP83 ISRF o=0.1 to 1d. All spectra have been divided lyto
emphasize the changes in the shapes of the SEDs, which aenfed a$, to better indicate the photometric data points. The dugigntes are
those for DHGL model (se§4.2). The left panel shows the Spitzer (triangles) and Heissquares) photometric points. The right panel shows
the IRAS (triangles) and Plang#FI| (squares) photometric points. To emphasize excitatatts we have assumed a constant ionization fraction
for the PAHSs.

grains (PAH and amC) is continuous. Following previousigsid at 2 ~ 1um (see Fig. A.1) where the MMP83 ISRF peaks. We
(e.g. Weingartner & Draine 2001a), the smallest grains (BAH# note that the SamC grains make a significant contributiorbat 2
SamcC) size distributions are assumed to have log-normial-disand 6Qum. At 2 2 250um, the aSil and LamC contribute almost
butions (withag the centre radius and the width of the dis- equally to the SED down to the WMAP measurements that are
tribution). The LamC and aSil size distributions follow ay®r well reproduced (see Fig.3) denoting no significant vasiatn

law (< a*) starting atamin and with an exponential cutfoof the the spectral emissivity index betweer250um and~ 5 mm. At
form e @)/l for a > a, (1 otherwise) at large sizes. As notedhese wavelengthg ~ 1.5 — 1.6 for both of the amC and aSil
by Kim & Martin (1995), such a form in the cutfois required materials.

to explain the observed polarization in the near-IR: thepoé- - . . . o
tion capabilities of the present dust model will be discdsse __1he IR extinction (Fig. 5) is dominated by the contribution

a future paper. The abundances and parameters for the size ¢fj the LamC and aSil grains. The 9.7 andut8 bands are pro-
tributions are summarized in Table 2. PAHs and SamC are s ed by silicates while the 1 - 1n continuum is due to amor-
grains of radius less than 10 nm while LamC and aSil cover aPnous carbon as seen in Figs.5 and A.1. In the DLO7 model,
broad size range from a few nm to a few 100 nm. The mean SFJZY?SG two spectral components are also produced by amaphou
of PAHs (8, = 6.4A) corresponds to 120 C atoms. Note that'cate and big carbonaceous (graphite) grains. The 21@&xm
contrary to carbonaceous dust, for which the PAH bands gitgcton bump (see Fig. 4) is entirely due to aromatic— *

a constraint on the abundance and size of very small pa;,ticigans't'pns in PAHSs, as proposed by lati et al. (2008) ancte

only an upper limit can be set regarding the abundance of vergstehini et al. (2008) and supported by the experimertal r

small silicate dust (see Li & Draine 2001b). In our model, voe o Its of Steglich et al. (2010). The far-UV extinction riseaiso
not include very small silicate particles. mostly produced by PAHSs. This latter feature is common totmos

carbonaceous grains: it is the red wing of an absorption peak

Our model results are compared to the observational datagiieund 750 A due to- — o* transitions (Jager et al. 2009).
Figs.2, 3, 4 and 5. The dust temperatures were computed bsour model, the bump strength and the PAH emission are thus
ing the InterStellar Radiation Field (ISRF) from Mathis ét acorrelated. We note that Boulanger et al. (1994) found aitben
(1983), hereafter MMP83, fobg = 10kpc, labelled “solar tween the bump area and the IRAS 12 angi@bemission, sug-
neighborhood”. Between 5 and i, we convolved the model gesting that small amorphous carbon grains may also coiterib
SED with a Gaussian profilel(A1 ~ 40) to account for the to the bump (see also Mathis 1994). The 217 nm and 750 A broad
ISOCAM/CVF spectral resolution. The LamC and aSil graindhands are quite weak for the BE amC sample that we used.
mostly in thermal equilibrium with the ISRF, emit in the fil®- We emphasize that using a carbonaceous material with agstron
while PAHs and SamC grains undergo temperature fluctuatid?tks’ nm band (e.g. graphite) would have resulted in an overes-
and thus contribute to the near- to mid-IR emission. The Lant{nation of this feature in our model, given the abundanees r
grains dominate the observed flux at 100 anddmGsince they quired for both PAH and the small carbonaceous grains tarepr
are hotter than aSil thanks to their higher absorptifiiciency duce the Aromatic Infrared Bands (AIB) and mid-IR continuum
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Indeed, in the DLO7 model, PAHs account for 4.6% of the total

dust mass compared to 7.7% for our model) which allows for (a) - Rw = IRAC 5.8 / PACS 100
about half of the 217 nm bump to be produced by small graphite L~~~ """~ = PACS 70 / SPIRE 350
particles. This directly translates into dférence of a factor of _ 10.000 7 TS T mw
~ 2 in the AIB emission intensity between the two models a% //N] \ 3

shown on Fig.6.

The dust in our model, excited by the MMP83 ISRF, radi-
ates a total power of[ vl,dv /Ny = 50x 102 erg s* H!
with a fractional contribution of 29, 7, 38 and 26% for PAH,O
SamC, LamC and aSil, respectively. This value for the totap
emitted power by dust is intermediate between those of DBP9g
and DLO7 (U=1, gpap = 4.6%), 69x 10%*ergst H and §
45x10%*erg st HL, respectively, while the three models haves
about the same extinction curve (the observed one). We hate t €
in the case of DBP90, the reference SED (to which the model ig
fit) was higher as can be seen in Flg 6 implying a higher dust ab/
sorption gficiency. Indeed, we see in the bottom panel of Fig. 4_—'
that the DPB90 model has the lowest albedo followed by oury
model, while the DLO7 model has the highest albedo, thus ex-"’ s
plaining the diferences in emitted power noted above. As al- LT =
ready discussed above, thdfdience between our model and

I
[¢]]
o
1

DHGL' vo

1.000 b :

D/ |
0.001 1 IIIIIII| Il IIIIII| 1 IIII(I)II N IIIIII|\L [[NEARYI
the DLO7 modeled SEDs mostly resides in the AIB spectrum 107" 1 10 10° 10° 10
intensity while the two models agree rather weliat 60um.
The total dust-to-gas mass ratio in our moddlligg /My ~

[

102 x 1073, corresponding toMgas/Maus ~ 133 (with (b) ——— Ry, = IRAS 12 / IRAS 100
Mgas/Mu = 1.36). This value is equal to the value for the DLO7 ~ ° | - - -----~ Ry, = IRAS 60 / HFI 350

model avldust/MH ~ 104 x 103) and hlgher than the DBP90 . 10.000 F<r TN T T QT T TR T T TXITE
model Mqust/Mu of 7.3 x 1073). The required elemental abun-"© ; 433? \ \ ! : Y3

dances are in agreement with measurements (see Table 3), ©x-
cept for iron for which our model requires 30% more than

the values inferred from both F,G stars and the Sun. The cab 1.000
bon is shared between PAH, SamC and LamC with 32, 7 arl§ i
61% in each respectively. Our model requires about the samg
amount of carbonaceous material and silicate as the DLOEmod;
(234 ppm for C, compared to 200 ppm for our model, and 44 ppr
of MgFeSiQ for DLO7 compared to 45 ppm for our model). In 5
our model, silicate dust represents76% (~73% in DLO7) of €
the total dust mass. This mass ratio depends on the assumed dé
sities then on the assumed form for both carbonaceous and sit
cate material. On the other hand, the dust material is asbtone 2 0.010¢

I
I
- 1
be compact to keep the model as simple as possible but consrc(ip f ! !
ering porosity would induce a change in the carlsdicate mass 5 LT

0.100

&
M = al
ratio (mainly due to change of optical properties) and desee I V”///'—LI ’OG‘ >§ \ | "
the required abundances. 0.001 T |||||||| 11 ||||N vl ||| L
107 1o 10*  10° 10
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5. Tracing the nature and evolution of dust using a

global SED Fig. 8. The predicted photometric band ratiBs (mid-IR) andR, (far-

IR) as a function ofU and the ratio between the mass abundance of

Thanks to the Herschel and Planck missions we will soon havesgnall (Ysc) and large ¥.¢) grains (see text). Note that the band ratios
our disposal the global dust SED, by combining these data witre shown on logarithmic scaleésg / Y. is given relative to the dif-
the already available near- and mid-IR data at Comparalga-anfuse interstellar medium value of 0.10 for the DHGL value ichhis
lar resolution (IRAS, ISO and Spitzer). The availabilitytbfs shown by the open diamond.
global dust SED will allow us, for the first time, to make a sys-
tematic study of dust evolution throughout the ISM. Indekdst
evolution processes (e.g. coagulation, fragmentatiomarily Go is the ratio of the intensity of the radiation field integrchte
affect the dust size distribution and the abundance ratioseof thetween 6 and 13.6 eV relative to the standard ISRF.
various dust components and are therefore directly refléate Fig. 7 shows the dust SED for ISRF intensities ranging from
the observed dust SED, which is aldteated by the intensity of U = 107! to 10*. We overlay the corresponding photometric
the ISRF. We first examine thdfects of the latter on the modelpoints for several instruments and have separated the lgfih (
dust emission and the behavior of the associated fluxes in ganel) and low (right panel) spatial resolution instrurseke
photometric bands. For this purpose we scale the MMP83 ISRB not show the MIPS 70 and 16fh bands that fall at the same
by a factor,U, using the same nomenclature as DLO7. Note thatavelengths as the Hersc/RACS bands. To illustrate changes
as we scale the entire exciting ISRF, we héve= G, where in the SED shape, the emission flux has been dividedJby
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Fig. 9. The fractional contributions of the dust populations in madel to the IRAS and Planck photometric bands as a funcfidh. @he bold
lines emphasize the contribution of the large grains, LamCasil. The dust properties are those for DHGL model {s&2).

As expected, we see that the emission of PAHs, which undegfmuld change when coagulation océuwe also note that, even
temperature fluctuations, scales linearly withBy contrast, the though the PAI/SamC abundance ratio is taken to be constant
emission from the large grains (at thermal equilibrium wite for this illustrative case, the relative abundance betwieePAH
ISRF) shows a more complex behavior, scaling but also shiftand emitters and the mid-IR continuum emitters (SamC in our
ing to higher frequencies &$increases. AY) increases smaller case) is known to vary (e.g Berné et al. 2007; Compiegné et a
and smaller grains reach thermal equilibrium with the ISB#e( 2008; Flagey et al. 2009). Fig. 8 shows the photometric satio
for instance, Fig.4 of DLO7) and consequently follow the sanR;; = IRAC5.8/PACS 100,R,; = PACS 70/SPIRE 350 (top
type of behavior as the largest grains. This is the reasontidy panel) andRy, = IRAS 12/1RAS 100,Ry, = IRAS 60/HF1 350
SamcC population shows intermediate behavior in the predenflower panel) as a function & andYsg/ Y. . The photometric
U range. The general behavior of our model regardling sim-  fluxes were obtained by integrating the spectra over theaste
ilar to that of DLO7. However, a significantféiérence arises at filter transmission taking into account the color corretsiolhe
U > 10° due to the fact that we use amorphous carbon rathetiosR; andR, represent roughly the same wavelengths in case
than graphite. At these values Of our large grain (LamC and (a) and (b) and so consequently show a similar behavior. /e se
asSil) spectrum is remarkably broader, because we lack thabr that for 102 < Ysg/Y.g < 10 and 10* < U < 10% the band
feature in the absorption (i.e. emissivityffieiency of graphite ratiosR; (a and b) scale witNsg/ Y. g because the SG emission
atA ~ 30um introduced by DLO7. becomes dominant at small wavelengths. ConversehRiha-
: . . tios (a and b) are mostly sensitive to variationdlitnecause the

Here we illustrate how theffects of the intensity of the ISRF o 5tometric bands involved are dominated by the LG contribu
can be dlsentang!ed f_rorrﬁects of the relative abundances Oﬁon (see Fig. 9 and 10). In this rangeWfandYsg/ Y. c parame-
small-'go-!arge grans (ie., PAFSamC to L"?‘m@"'?‘s'l.)' T.he Iqt- ter space the variations induce well discriminateiedences in
ter variation is equivalent to a changmg size dlstr|butmnd IS the photometric band ratid®. From the observed values Bf
to be expected when small grains coagulate onto, or disagaiGqR, U andYss/ Y. can thus be constrained for a given dust
gate from, Iarg.er.gralns. We také to b_e the mass abundance:?nodeL However, we note that for high and lowYss/Y.c R
of dust population (see Tab.2) and definés = Ypan + Ysamc  andR,, this discrimination is not possible because the spectrum

andY g = Yianc + VYasi, the mass abundances of small grainig dominated by BGs d t | th hort g2
(SG) and large grains (LG), respectively. Note, that whdeyv ominated by Bbs Cown fo wavelengins as shor

ing Ysg, we keepY, g constant and, for simplicity, assume that & This process has been shown to alter the sub-mm opacity tyr$ac
the opacity of the large grains is unchanged even thoughito 3 (Stepnik et al. 2003; Paradis et al. 2009a).

10
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Fig. 10. Same as Fig. 9 but fdlerschel SPIRE and PACS bands.

This degeneracy is avoided for highérnwhen using the shorter allow for a better determination of the LG SED around its emis
wavelength to trace SG emission, as seen Rith sion peak and hence better mean temperature estimatesfor th
S, a necessary step in the extraction of the thermal dust co
nentin Planck data. Finally, and as discussed earlgegrifis-

S{'on of aSil grains is expected to be polarized unlike thahef

amc grains and PAHs (Sironi & Draine 2009). A determina-

tion of the respective contributions of theffédrent LGs and of
AHs to the dust SED will therefore be crucial to the analgsis
ata from the Planck-HFI polarized channelsAat 850um).

In general, a photometric point measured on the dust S
is a sum of the contributions of theftérent dust components
(composition and sizes) and the analysis of photometria d
therefore requires prior knowledge of these contributidns
view of the difering behaviors of the SG and LG dust emission
with respect tdJ (Fig. 7), we show in Fig. 9 and 10 the fractiona
contributions of the model dust populations (for the DHGapr
erties) in several photometric bands, as a functiorJoffor
10! < U < 10% in the IRAS 25m band (Fig. 9), the LG con-
tribution gradually increases &kincreases because these graing, Summary
become warmer, as can be seenin Fig. 7. The LamC contribution
is dominant (with respect to aSil) at < 60um because these The emission from large interstellar grairss~« 0.1 um) is cur-
grains are warmer, a consequence of their higher absdypitivi rently being observed by the instruments onboard the Planck
the near-IR (Fig. A.1). AR ~ 70— 100um (1 ~ 160- 250um), and Herschel satellites. The properties of the bulk of thistd
and for this same reason, LamC dominated af 10° (U < 5) are likely determined by dust evolution throughout thecfe
while aSil does only for highed since the LamC grains thencle of interstellar matter and are probably not just a reifiect
emit at shorter wavelengths. LamC and aSil have about the samfithe composition of unaltered ‘stardust’. The primafieet of
contribution at1 2 350um (as seen fot = 1 in Fig.2). While dust evolution is to redistribute dust mass during growtfray-
the wavelength of the LG emission peak moves to higher frexentation episodes, resulting in changes in the abundance r
quencies whetJ increasesly 2 10 — 10°), the cold part of tio of small-to-large grainsYss/ Yic, (Where small grains have
the temperature fluctuations in PAHs contributes to thegionis a < 10 nm). Such changes are reflected in the global (IR to mm)
in the HFI 1.4 mm (217 GHz) band (Fig.9). We note that atust SED, which will soon available for large parts of the,sky
these frequencies recent theoretical work indicate thatiomal thanks to the combination of Spitzer, IRAS, Herschel andéXa
emission of PAHs fo6G 2 10° and gas densities; ~ 10°cm™  data. Understanding dust evolution is critical for the pbyand
might also contribute (Hoang et al. 2010; Silsbee etal. 2008 chemistry of the ISM but also for the optimum subtractionhaf t
emphasize the fact that the dust contributions at 60 anguat00 thermal dust contribution from the Planck data in CMB stadie

11
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Dust evolves in the ISM and thus shows regional variatiomereafter in the Appendix), an empirical approach can be fol
in its intrinsic properties, structures and sizes. In thigkmve lowed where the ratios and profiles of the IR bands are derived
describe a framework dust model and provide the tools necé®m observations (Verstraete et al. 2001; Li & Draine 2001a
sary for the study of dust evolution in the ISM. We presentra veThis approach is however degenerate, given the fact that the
satile numerical tooDustEM , that allows us to predict the dustband ratios depend on size, ionization and hydrogenatiest
SED and extinction, given the dust properties, and thatjalske Recently, Draine & Li (2007) (hereafter DLO7) added the con-
of handling a large diversity of dust types, using a knowkedfy straints provided by the extensive theoretical databaktadbci
their size-dependent opacities and heat capacities. igrdef etal. (2007) to define a new set of band parameters, both éer ne
DustEMallows the user to add new grain physics in a simple watyal and cationic PAHs. Here we use the cross-sections dkfine
To enable an assessment of the impact of dust evolution wee havDL07 with the following modifications. To allow for a bette
defined a reference dust model for the DHGL medium, wheneatch to the ISOCANCVF spectrum of the diuse interstel-
the dust populations have certainly undergone growth aagt fr lar medium, presented in Flagey et al. (2006) and in Fig. 2, we
mentation processing and where the calculated dust SEDxandiacrease the integrated cross-sectiofg of the 8.6, 11.3 and
tinction represent the ‘average’ or ‘equilibrium’ obsdnles for 12.7 um bands by 50%, 10% and 50%, respectively. We have
evolved dust. Our dust model comprises (i) Polycyclic Artima not included the near-IR bands between 1 apdh? which have
Hydrocarbons, (i) amorphous carbons and (iii) amorphdliss slittle effect on the emission. We added the far-IR bands defined
cates. We argue that hydrogenated amorphous carbon graindg Ysard & Verstraete (2010) from the Malloci database. The
the natural product of dust evolution in the ISM, as are amdPAHs are assumed to be disk-like and their sges defined
phous silicates. Although composite grains may naturailsea to be that of an equivalent sphere of the same mass, assuming
in the ISM, we did not include them here, on the basis of the ra-density ofp = 2.24 gcn?®. The relation betweea and Nc
sults from recent spectropolarimetric observations. Tla@dk is Nc ~ 470(a/1nm). We assume the PAHSs to be fully hydro-
polarized channel data will soon make available more caim genated, with [IAC] varying as a function oN¢ as defined in
in this issue. DLO7. Following DLO7, the same UV-visible absorption cross

The dust SED reflects changes in the abundances and sizeseation is assumed for neutral and charged PAHs while the sam
grain populations and also variations in the intensity efakcit- absorption cross-section is assumed for cations and arlibes
ing radiation field. UsindustEM we have shown that well cho- size dependence of the ionization fraction of PAHSs is also ob
sen photometric band ratios can disentangle the influentteeof tained in the same way as by DLO7: it has been estimated using
intensity of the exciting radiation field from that of chasga the Weingartner & Draine (2001b) formalism and for the phys-
dust abundances as indicated Y3/ Y. . We show the contri- ical conditions summarized in Li & Draine (2001a) (see their
butions of the small and large grains in the IRAS and PlanEk-HTable 2) for the DHGL medium. The heat capacity has been
channels (and similarly to Herschel channels). Such in&tion taken from Draine & Li (2001).
allows for a reliable determination of the temperature ofjéa
grains, a necessary step in the quantitative subtractidhewt
mal dust emission from the Planck data. These results assufn@ Amorphous carbon
fixed dust optical properties and size distributions. Hasvein
a realistic treatment of dust evolution such quantitietetiinge
with the local physical conditions andfect the FIR to sub-mm
grain emissivity. Future work will require the use of IR, idehel
and Planck data to assess variation¥€f/ Y, g in interstellar re-
gions where small grains may coagulate onto, or result fioen t
fragmentation of, larger grains, resulting in changes agtb-
mm opacity of dust. Combined with the constraints from Pkan
polarized channel data, these full SED dust data shouldgeov

Amorphous carbons can assume marffedént structures and
compositions, depending on the way in which thé apd sg
carbon atoms combine with one another and with other species
especially with hydrogen. Zubko et al. (1996) compiled the o
tical properties of several solid hydrocarbons over a bepst-
tral range, from the millimeter to the EUV range. These opti-
{al properties were derived from laboratory measuremehts o
he opacity made by Colangeli et al. (1995). In this work we

plausible constraints on the candidate materials, andphgis- 2dOPt the optical properties of the BE sample: formed by ben-

ical properties, that can be invoked for the evolved dusha tZ€ne combustion in air, this sample is representative_dlrb(at
ISM. sp’-rich hydrogenatgd a_morphou_s ca_\rbon. The refractive index
for the BE material is displayed in Fig. A.1 (left). The alysor
Acknowledgements, We thank A. Abergel, V. Guillet and M.-A. Mivile- tion and extinction fficiencies were obtained from Mie calcu-
Deschénes for stimulating discussions. We are also giatefV. Guillet for |ations. Fig.A.1 (right) shows the absorptiofieiencies,Qaps,
providing us with his routine yielding the ionization framt of PAHs. This re- for arains of radius 1 and 100 nm. The refractive index given
search acknowledges the support of the french ANR througiptogramCold 9 ) 9
dust (ANR-07-BLAN-0364-01). by Zubko et al. (1996) goes down +d90Q:m. We extrapolated
the optical #iciencies down to 10 cm using the average emis-
) ) sivity index between 800 and 190, usings = 1.55. Thispg
Appendix A: Dust properties value does not depend on the size @og 3um). For the heat
gapacity Michelsen et al. (2008) argue that the graphitédea
pacity is a good surrogate for soots and for amorphous carbon
we therefore use the graphite heat capacity as defined im®rai
& Li (2001). Finally, we adopt a mass densjty= 1.81 g cnt3,
A.1. PAHs typical of hydrogenated amorphous carbons.

Here we discuss the optical and thermal properties of thia gr
types adopted in this work.

Although a global picture of the contributions offirent PAH

families to the mid-IR bands is emerging (e.g. Bauschliehet. A 3 Astronomical silicate

(2009)), it does not yet quantitatively describe how thedban

profiles vary as a function of the physical conditions (réidia The observed profiles of the 9.7 and 48 absorption bands in-
field intensity and gas density). As in the case of silicate® ( dicate that the interstellar amorphous silicates are wiraitype
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Qobs
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Fig.A.1l. The refractive indicesd = n+ik) of amorphous carbon and amorphous silicates (left pandlle corresponding absorptioffieiencies
obtained from a Mie calculation (right panel).

(MgxFg,Si0s). The laboratory band profiles are, however, tobas been introduced infustEM . This feature is implemented
narrow to explain the observations, suggesting that somé kias a correction to the emissivity indé»and takes the form:

of processing is at work and that other types of silicates con STYHOUY)

tribute to these bands (Demyk et al. 2004). Draine & Lee (}98%abs(8.v) = Qo(@. v) (v/n) ‘ (B.1)

followed an empirical approach and defined astronomical sif,ereqy, is the grain emissivity without the temperature depen-
cates whose optical properties in the mid-IR were con®#liClyentingexy, is the frequency threshold below which the correc-
from observational data. Li & Draine (2001a) further modifie o, js applieds(T) is the index correction anH is the thresh-
the imaginary part .Of the d|el_ectr|(_: function fﬂrz_ 250um10 o4 function. We define the correction&g) = B(T) —Bo where
better match the high galactic latitude dust emission nmeasu 51y s the temperature law for the emissivity index aidis

by FIRAS. Using the optical properties described in Dra”éome reference value. Sucg-®orrection should then preferen-
(2(_)03bi_, we derlv_ed the abs_orptlon and extinctiafi@encies tially be applied to grain types whos@ss behave as a power
using Mie calculations. The right part of Fig. A.1 shows tee-C 5,5 (with an indexs,) at frequencies lower than the threshold,
responding absorptionficiencies, Qas. Finally, we take the oiheryises, may depend on the frequency. THE)-values are
heat capacity for amorphous silicates from Draine & Li (2P0%gtimated with a user-defined, parameterized functionmbea

and assume a mass density of 3.5 g&m interpolated in a data table. The parameters, as well agthe t
ulated values (if used), are read from a data file. We chose the
Appendix B: The temperature-dependent grain threshold function to béi(x) = (1 + 4stanhi — 1))/2 wheres
emissivities tool controls the sftness of the transition from 0 to Ak = x/s): for

instance fors = 1 theH-values rises from 0 to 1 fox between
In this section we present a tool that allows the user to apply0.5 to 1.5 and the width of the transitionAsc = 1. Since the
change in the long wavelength opacity spectral inggxas a temperature dependence of the dust emissivity appearsigt lo
function of the wavelength and the temperature. wavelengths{ > 30 um), where the dust absorptioffieiency
The determination of dust temperatures and the dust speciganuch smaller than in the visible and near-IR range (seskig
emissivity index8 (Qaps ~ +*), from far-IR to submm data is we apply thes-correction only in the cooling function (emission)
degenerate and sensitive to the errors or multiple dusteempfor the dust in thé®ustEM code.
atures (Dupac et al. 2003; Shetty et al. 2009a,b). Nevedbel
observations do seem to indicate a temperature-dependgfice
(Dupac et al. 2003; Désert et al. 2008), which may reflechthe References
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