Dust observations in the Milky-Way

and Magellanic Clouds

J.-Ph. Bernard, IRAP, Toulouse, France
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Layout

* Dust in the Herschel-Planck domain (FIR/Submm)

* Home: Our own Galaxy (Mostly with Planck)

- Dust in the solar neighborhood (and Dark-Gas)
- Dust in the Galactic halo

- Dust in Galactic molecular clouds

- Dust in the Galactic Plane

* The Magellanic Clouds (LMC/SMC):

- The Spitzer view

- The Planck view

- The Herschel view -> see talks at this meeting (F. Galliano, J. Roman-Duval, K. Gordon)

Bernard J.Ph., Dust to Galaxies 2011, Paris 2
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Dust Physics

Composition:

- PAH = Polycyclic Aromatic
Hydrocarbons

(may also produce AME)

- VSG = Very Small Grains

- BG = "Big" grains Silicates +
Graphite (» 0.1 pm)

BG :
FIR observations of distant galaxies Wovelength (um)
“*Universal" tracer of the ISM structure

BG at thermal equilibrium ->
dust temperature T, measures

» ~ 2N

radiation field intensity (G,)

(A) o A-Bwith B=2 (Quadratic Law)

- FIR-mm optical depth are small (can account for the mass of a whole galaxy)
- In the Rayleigh-Jeans regime, I, a T,, so mass determinations not very

It is usual to assume Q.

sensitive to temperature determination in Submm-mm ...
Bernard J.Ph., Dust to Galaxies 2011, Paris 3
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The flat MW SED

COBE/FIRAS : MW SED much flatter than predicted by the quadratic law (1.5¢<[3<1.7)

10300r’_~—‘
*Reach et al.,

ooof 197 BEER Warm dust at 717.5 K

mm excess i
> Very cold dust (5-7K) ?
+ A/"ﬂl‘m

/ mm excess is strongly correlated to
. _ FIR emission at high |bl
ey — This lead Reach et al. to reject

el

10 "very cold" dust.

frequency (cm™')

Finkbeiner et al. 1999 (FSD) 2 components= Graphite + Silicate

) 2 i 2 (Ty)

Onec-component: v' ¥ emis | 1.0 1.0 200 24943
Onec-component: v' * emis 1.7 1.0 1.0 19.2 8935
Onc-component: v* * emis 20 $ 10 1.0 181 . 3801
One-component: v* ¥ emis 22 10 1.0 174 , 9587
Pollack et al. two-component 15 2 025 0.61 170 033 1866
Two-component; both v* 20 2 0.00261 2480 49 0.0026 1241
Two-component: fit £, g 1.5 2 0.030% 112 96 00319 244
Two-component: fit £, g, x,, 2, 1.67 00363 130 94 0.0377 219

2 Temperature models can fit sky brightness distribution
beautifully, but do not provide a physical explanation for
fhe Very COId dqu Cl'l' 9K Bernard J.Ph., Dust to Galaxies 2011, Paris 4
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2 Temperature models can fit sky brightness distribution
beautifully, but do not provide a physical explanation for
fhe Very COId dqu Cl'l' 9K Bernard J.Ph., Dust to Galaxies 2011, Paris 4
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T- 8 correlation

Variations of spectral index appear inversely correlated with dust temperature.
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However T and B are degenerate in SED fits and naturally inversely correlated.
Demonstration that the effect is real requires taking errors into account.

The following studies concluded that the effect is not due to this degeneracy :
Dupac et al. 2003, Désert et al. 2008, Paradis et al. 2010

Bernard J.Ph., Dust to Galaxies 2011, Paris 5
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T-mixing ?

Malinen et al. 2010 : 3D MHD simulation + full radiative transfer + realistic
distribution of heating sources (stars) + Herschel noise.
- cases with no internal sources: no fake T-beta inverse correlation

(in fact produces the opposite)
- cases with internal sources: fake T-beta inverse correlation for a minority
of pixels, close fo embedded sources.

Without internal sources With internal sourcés

15 1%
TViH K

Bernard J.Ph., Dust to Galaxies 2011, Paris 6
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T-mixing ?

- pixel-to-pixel based inverse correlation observed (e.g. Pronaos,
Herschel Higal) are unlikely to be explained by T-mixing alone
(produces too many points at input B).

- The effect may explain observations for some of the Archeops
(warm) points sources. Most Archeops PS are too cold to correspond
to ISM heated by nearby stars.

/ Archeops PS Higal

Bernard J.Ph., Dust to Galaxies 2011, Paris 7
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Laboratory Data

Most dust (98%) in ISM is amorphous (Kemper
2004)

Laboratory measurements of dust analog
materials show (Coupeaud et al 2011, in prep):
Crystalline - Internal structure of the grain material
MgSiO3 (amorphous vs crystalline) affects both the
2 emissivity shape and intensity
- Emissivity flattens at long wavelenghs
- Emissivity flattens at high temperature

Sample Ec

Amorphous
MgSiO3

.
~—_

B A physical explanation may be provided by
Sample E models including grain structure disorder (TLS
00 model) :

Meny et al. 2007

Paradis et al. 2011, in prep.

kappa (ecm'/g)

400 G600 800 1000

AMum)

Coupeaud et al. 2011, in prep
Bernard J.Ph., Dust to Galaxies 2011, Paris 8
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FIR-Submm dust emissivity

Early results from DIRBE, Archeops and WMAP fowards cold
molecular clouds

e

Show signs for emissivity
variations :

- Flattening of dust SED
above 500 microns

- Increased emissivity in cold
molecular clouds

Archeops
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Paradis et al. 2009
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FIR-Submm dust emissivity

Early results from DIRBE, Archeops and WMAP fowards cold
molecular clouds

e

Show signs for emissivity
variations :

- Flattening of dust SED
above 500 microns

- Increased emissivity in cold
molecular clouds

Archeops
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B Neutral
Molecular

Paradis et al. 2009

Laboratory data from
Coupeaud et al. 2011, in prep
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The TLS model of amorphous grains

Strongly inspired from solid-state physics : Meny et al. 2007

A double description of disorder in amorphous solids : ~ Configuration jump
. PR : \ Silicat

* A Disordered Charge Distribution () F e el e%,

= Emission of temperature (FIR) \

* A microscopic distribution of asymetrical double
potential wells (Two Level Systems: ) with small AE:
= Emission on temperature (submm)

(an 10 mm
>
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I AN Planck
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Tem perature Bernard J.Ph., Dust to Galaxies 2011, Paris 10
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The TLS model of amorphous grains

Paradis et al. 2011, in prep.

Deriving «standard>» parameters
of the TLS model (5 parameters)
to explain both FIRAS MW and
Archeops SED flattening with
increasing T,.

Non-negligible impact on masses
derived from submm data

Bernard J.Ph., Dust to Galaxies 2011, Paris 11
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grain-grain Coagulation
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Coagulated Grains
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e Evidences in the Pronaos data (Polaris, Taureau)
e Coagulation of large and very small grains
* Fractal dimension ~2, N ., >20

e 80-100% of small grains included in aggregates
e Fractal grains are more emissive (antena)
e Fractal grains are colder

ST W STV S—

DDA calculations

10
A [um] Bernard J.Ph., Dust to Galaxies 2011, Paris 12
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Dust with Planck
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Dus‘r Temperature

f‘,;z' g}\% '

\(7“1 planck

Wednesday, July 6, 2011
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Temperature (T;) computed from

IRAS 100 um, HFI 857 GHz, HFI
545 GHz, using p=1.8 (median value
derived fromT-f fit)

12 K<T,<50 K

- Dust temperature clearly traces the intensity of
the radiation field:

- External galaxy is colder than inner Galaxy
(was already known from COBE data)

- Molecular clouds are colder than surrounding
- Warm regions are star forming regions, HII
regions, etc ..

Uncertainty on dust temperature from X”2
minimization using relative and absolute error.
AT,/T,<10% except at high latitudes (low

brightness)

See arXiv: 1101.2029. C. author J.Ph. Bernard

Bernard J.Ph., Dust to Galaxies 2011, Paris 14
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Dust Optical depth (MW)

2 5 ) 1/2
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‘ planck
Bernard J.Ph., Dust to Galaxies 2011, Paris 16
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Evidence for Dark Gas

Dark
Gas % See arXiv: 1101.2029. C. author J.Ph. Bernard
10~ Dominate ¢ P

- LAB HI data (atomic gas)

-3 2CO(J=1-0) surveys: Dame et al. 2001,
Dame unpublished, Nanten (unpublished)
68% of the sky

' 857 GHz

To”
) Very similar plots obtained from IRAS 100
Dominated  ,,, HFI 857, 545, 353 GHz

10°°

0.1 1.0 10.0
Nyt (10°" H/em®)

As computed in solar neighbourhood (|b[>10°) and assuming thin HI :

Transition between HI dominated and Dark Gas found at Av=0.4+-0.03 mag

/Ny, ~power law with f=1.8. Consistent with ©/N ;=102 cm? @ 350 wm (Boulanger et al 1996).
Average Xco factor Xco=2.54+-0.13 H,/cm?/(Kkm/s)

Dark Gas mass fraction: 28%+-2.8% of HI gas, 118%+-1.2% of molecular gas

v-ray observations find a similar “Dark-Gas” phase, with a similar mass fraction
(Grenier et al 2005, Abdo et al. 2010)
Herschel GotC+ find similar Dark-Gas fractions in the MW plane (Langer et al. 2010)
planck

Bernard J.Ph., Dust to Galaxies 2011, Paris 18
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Dark Gas origin ?

Possible origins :

- Dust abundance variations (unlikely in solar neighbourhood, DG seen in y-ray)

- Dust property variations (unlikely as DG seen in y-ray, TBC with dust extinction)

- HI 21 cm can be optically thick: Assuming Ts=80 K reduces the DG fraction by about half

- Weak CO below the threshold of the surveys: (Wco~ 0.5 Kkm/s ): can contribute <20% of DG

Planck in solar neighbourhood (|b|>10°):

Mass fraction of Dark Gas: 28% of HI (118% of CO)
Av(DG)=0.4 mag

Xc0=2.54 10?° H,cm%/(Kkm/s)

Predictions by Wolfire et al. 2010:
H,/H, transition at Av(Ry,)=0.2 mag
H,/CO transition at Av(R,)=1 mag
fpg ~30% of CO gas

Clouds in theoretical study much more massive than in solar neigbourhood
Unclear if difference in f,; due to assumed cloud mass ...

‘ planck
Bernard J.Ph., Dust to Galaxies 2011, Paris 19
Wednesday, July 6, 2011



Dark Gas distribution

See arXiv: 1101.2029. C. author J.Ph. Bernard
‘ planck

Bernard J.Ph., Dust to Galaxies 2011, Paris 20
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Dark Gas distribution

-0.50 —— s 3.0 10*' Hem™

See arXiv: 1101.2029. C. author J.Ph. Bernard
‘ planck

Bernard J.Ph., Dust to Galaxies 2011, Paris 20
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Dust-HI correlation in the Halo

- Npur maps

See arXiv: 1101.2036. C. author M.A. Miville-Deschenes
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Dust-HI correlation in the Halo
Planck

353 GHz

3000 GHz

545 GHz
5000 GHz

857 GHz

HI - dust correlation over 825 square degrees at high latitudes, Nur from 0.6x10%° to 10x10%° cm
Dust in the diffuse local ISM: good fit with (T=17.9 K, p=1.8) from 3000 to 353 GHz (100 to 850 um)
Faint fields (Nu1 < 2 x 10%° cm?) : residual compatible with CIBA - no evidence for dust in the WIM
Excess emission for Nur > 3 x 10%° cm™ (0.15 mag) compatible with Dark-Gas (10% in mass)

~ Ra
(‘1 planck
- Bernard J.Ph., Dust to Galaxies 2011, Paris 23
Wednesday, July 6, 2011



Dust-HI correlation in the Halo

1.0

Unexpected evidences for dust evolution _ ‘s Local ]
in the diffuse ISM: 0.8k ° IVC 2
¥ .... B L HVC )
- . . B ek i * Residual ]
- Temperature - emission cross-section anti- 2+ . o e g
correlation suggesting modification of grain = &~ [ g g N
structure (or size) through coagulation. = S Lk
-IVC : 4 times larger VSG abundance, e - : ’
hotter dust (T~20K). Compatible with oot . o )
clouds part of the Galactic fountain (dust - : ; £
hattering) : Dusten 3
sha g . VSG*4 \ - ]
~ 0.8 ',- ° ° ‘_
u - . -
o - ° -
— 0.6} . o =
~3 0 : '
g 0.4 o T N
i > S i T Dustem -
Marginal detection of HVCs (1-3.8 o) 02F. -3 oq®® S J
compatible with low metallicity (~0.1 solar) [ o°, oo™ ]
0.0L% : : ; : ;
0.5 1.0 1.5 2.0 25 3.0
3000 / 857
See arXiv: 1101.2036. C. author M.A. Miville-Deschenes Dust temperature
‘ planck
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Dust in Molecular Clouds (Taurus)

Temperature and spectral index maps
T (K]

2.00 T=16.47 K, f=1.77
10.00

18.00

8
Mdy/sr

15.00
0.10 7

1.60 0.01

100 1000
A (um)

12.00

- Narrow  distribution: 1.78 +- 0.08 (rms) +- 0.07 absolute

- Systematic residuals at 353 GHz (-7%) and 143 GHz (+13%) indicate spectrum
more complex than a simple modified black-body

- Dust temperature maps from 16—17 K (diffuse regions) to 13—14 K (dense regions)
- Emissivity increase in dense regions :

/Ny @ 250 um from ~ 10725 cm? (diffuse) to ~2x10725 cm? (dense)

-Such variations of /N, have an impact on the equilibrium temperature of the dust

particles

7 T See arXiv: 1101.2037. C. author A. Abergel
‘4 planck

-_ Bernard J.Ph., Dust to Galaxies 2011, Paris 25
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Cold-Cores

® The Early Cold Core (ECC) catalogue
counting 915 objects is the high reliable

All-sky map of the number of
C3PO objects per square degree

subset the Cold Core Catalogue of Planck (|0783)

Objects (C3PO) containing 10783 e m ECC Selection

sources over whole sky. T ’\:\:«::_//:_/ L _\_:_:_\::»\:\" ~~._ (915)
/4-11_ e ,’/ _: \\\ Ty _\:—\\

—_— -

® These sources are dense //._
and cold molecular
objects, potentially
pre-stellar objects. .. '\*\"{

—_ — ——

® These cold sources are mainly S<l_Two

—_

cold clumps, intermediate sub-structures
between clouds and cores, organized in groups, filaments and alignhed on

large-scale loops.

® These catalogues give an unprecedented statistical view to the properties of
these potential pre-stellar clumps and offers a unique possibility for their

classification in terms of their intrinsic properties and environment.

See arXiv: 1101.2035. C. author L. Montier
Wednesday, July 6, 2011

Bernard J.Ph., Dust to Galaxies 2011, Paris 26



Galactic plane decomposition

See arXiv: 1101.2032. C. author D. Marshall

HI Ring 1

HI Ring 2

HI Ring 3

HI Ring 4
B e L
HI Ring 5

Radii chosen to minimize correlation
between rings

‘ planck
Bernard J.Ph., Dust to Galaxies 2011, Paris 27
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Galactic plane decomposition

See arXiv: 1101.2032. C. author D. Marshall

HII (WMAP free-free)

Synchrotron (Haslam 408 MHz)

Dark gas

Result is 13 spatial templates (HI,
CO, HII, Synchrotron & Dark gas

Frequency maps can be expressed
as a linear combination of the
spatial templates

All templates and data are smoothed
to 1° FWHM

‘ planck

Wednesday, July 6, 2011
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Example at 857 GHz

Data |
Model -
HI °
H; -
HII -
Dark °

Sync. :

Residue’

Relative Residue-

‘ planck

Wednesday, July 6, 2011
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Emission modeled with 301
modified blackbody

2/n

I, = B, =

Dust spectral index § = 1.8 15~ Atomic

-Temperature follows the general ISRF 104

decrease with R

- Solar circle values (T, t/Nn) in agreement

with high latitude studies

- Temperature in the molecular phase maybe

more sensitive to local star
(molecular ring)

=> No significant emissivity variation

with galacto-centric radius

Dust emission associated to ionized 0.1

gas also detected.

‘ planck

Wednesday, July 6, 2011
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See arXiv: 1101.2032. C. author D. Marshall
Bernard J.Ph., Dust to Galaxies 2011, Paris 30



Anomalous microwave emission (AME)

See arXiv: 1101.2032. C. author D. Marshall

AME seen at all radii, in all phases but the

ionized phase
25+/-5% (stat.) of 30 GHz signal

One possibility is spinning dust as
modeled by Silsbee et al. (2010)

We use simple assumptions :

1) Solar ISRF

2) Standard PAH abundance

3) Single size distribution, centered 0.6 nm,
width 0.4 nm, log normal

« Standard gas parameters :
Atomic (CNM) ng = 30 cm™
Atomic (WNM) ng= 0.4 cm?3
Molecular ng=350 cm-3

Ionised ng=10 cm?

———tee )

‘ ' K See arXiv: 1101.2032. C. author D. Marshall
planc

Wednesday, July 6, 2011
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Anomalous microwave emission (AME)

Previous studies (Miville-Deschénes et al. 2008) used the asumption that AME is not polarized
to isolate AME in the WMAP data.

The excess was previously wrongly attributed to Synchrotron spectral index variations

- AME is widespread and globally correlated to dust emission

- AME better correlates with 12 pm than 100 pm emission (Ysard et al. 2010)

- AME spectrum is consistent with spinning dust from very small particles (PAH)

AME-emissitignap 1 AME elilission SED '

- from WMAP data

10 1

; e-

. Spinning dust
- model

"2 ° _© % @

Miville-Deschénes et al. (2008)
‘ planck
Bernard J.Ph., Dust to Galaxies 2011, Paris 32
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Anomalous Microwave Emission (AME)

Perseus Cloud
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Wednesday, July 6, 2011

AME emission in the Perseus Cloud

- Integrated spectrum fitted by
single grey-body (thermal dust),
optically thin free-free

- Residual spectrum has clearly
peaked spectrum compatible with
spinning dust

- highly significant (17-c)

- New AME regions identified
- 50 candidates inspected for early papers,
a few selected for further modeling

See arXiv: 1101.2031. C. author C. Dickinson

Bernard J.Ph., Dust to Galaxies 2011, Paris 33



A

Spitzer SAGE SMC

Spitzer SAGE LMC

The magellanic Clouds

e Some of the most nearby galaxies: LMC ~50kpc, SMC ~60kpc
* High resolution observations
e Low metallicity galaxies (LMC~1/2 and SMC ~1/6 solar)

e Perfect laboratories for dust studies in a very different environment than

our Galaxy with access to relatively small scales

Bernard J.Ph., Dust to Galaxies 2011, Paris 34
Wednesday, July 6, 2011



Or'lgm of 70 um excess

o000 70 um excess

LMC.COS?.HI run cose=

Dust in HI

MOdlfied VSG LMC_CO37_HI run cose=6
Size distrib. Dust in HI

=~
E
T 1.0000
%
} 0.1000
3
% 0.0100
) 0.0010
0.0001 l s | L L | ARSI () T L e Mioer BT
' LMC_CO37_CO run cose=1 " T 1000
Bernard et al. 2007 RS ’
10.0000 Dust in CO « 70 wm excess found mainly in HI
% * Can be explained by modifying the grain
T 1.0000 size distribution.
'.‘;. * Requires an increase abundance of the large
:’ 0.1000 VSGs (or of the small BGs).
» * corresponds to ~13 % of the total dust mass
? 0.0100  Grain erosion processes in the diffuse
25 medium ?
. * Dust in ionized gas also identified (Paradis et
0.0001 al. 2011) (See talk by paradis)

Wednesday, July 6, 2011
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Distribution of 70 um excess
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€79 MAP
H_, regions contours

VSG BG
e, =1 by Il _to . I
70 = 170 ~ IVSG %7 sG 100
100
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756 using
o (X,r) ( DUSTEM

IIOO

ISRF( dust) J

* 70 um excess correlates
partially with ionized gas

* Grain erosion processes in
the diffuse medium ?

* ISRF mixing along LOS ?




Dust Temp. map

Oaoon (degree)

osoo™ osh4s™

Bernard et al. 2008

Wednesday, July 6, 2011

T map derived from I,/1,,, using 3=2
HII regions contours

First time the T, derived at
galactic scale at 4' resolution.

12.1<T,<34.7K
0.11 <X, < 61

1

(uses X.Srf=(Td/17.5)6)

1

o T, smaller than past evaluations

based on IRAS

 In most regions:

Td<22K (Xisrf<4)

« No clear T decrease toward

molecular clouds

* Warm regions associated to star
formation regions

 Existence of warm regions with no
star formation

15 00 04P4s™

Bernard J.Ph., Dust to Galaxies 2011, Paris 37



Dark gas ?

Ng* map * Correlation in low NH regions :

HI contouf‘s ¢ W (Tléo) — 881072 cm?

H

« Excess map N;, computed as :

« -1
Ny [T || Tio | _
vi (v L,

with N =X, W, +2X. W,
X, =710" H,/cm® [(Kkm s)

Baone (degree)

« Excess correlates with total N
« Total mass = 2*HI mass

(20 times CO mass) !

* Could partially be due to dust
abundance variations, HI

k

06Po0™  0s5Pas™ 30 15 00 04P45™ optical depth effects ...
Main limitation: dust abundance variations are degenerate with Dark-Gas.

(But see talks by Galliano, Roman-Duval for the Herschel view)

Bernard J.Ph., Dust to Galaxies 2011, Paris 38
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24 1

22

DL JPBUL V1.3

value derived from T-f3 fit)
- Foreground subtraction using MW emissivity measured around galaxies and MW HI emission

- T, correlates with Ho emission (star formation)

Plank Dust Temperature (LMC)

24 1

22

DL JPBUL V13

- Warm inner arm already revealed by Spitzer and Herschel measurements
- Cold outer arm (South and West) revealed by Planck for the first time

‘ planck See arXiv: 1101.2046. C. author J.Ph Bernard
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Planck Dust Temperature (SMC)

22

20 1

18

0L JFss Vi 2

0L JP8us Vi 2

16
- Temperature (T;) computed from IRAS 100 um, HFI 857 GHz, HFI 545 GHz, using 3=1.2 (median
value derived from T-f fit)

- Foreground subtraction using MW emissivity measured around galaxies and MW HI emission

- Tp, correlates with Ho emission (star formation)

- Globally warmer than LMC. Colder dust only towards the bridge

‘ planck See arXiv: 1101.2046. C. author J.Ph Bernard
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CMB Subtraction

S

LMC: 70 GHz

At long wavelengths (here 4.2 mm),
CMB is a strong contaminant to
LMC and SMC emission ... !!

Subtraction used Internal Linear
Combination (ILC)

with patch size optimized to
minimize CMB residuals, based on
Monte-Carlo simulations.

" Uncertainties on CMB subtraction
derived from Monte-Carlo

-~ simulations.

IRV SETY SR TR R W WS PSR Y S Y

SMC: CMB subtracted

See arXiv: 1101.2046. C. author J.Ph Bernard

(7 ‘1 planck
T——
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Integrated SEDs

LM . MB r 100«»5 Ty YTy ——y -"---' Ty v g .
C C SUbt acted E cs;t e«do:.. Israel ::jﬁg-}%g E The Submm excess in
10.000 one ermgromme sareete ]l the LMC goes away
e - with CMB subtraction
~ 1000
3 ]
%~
3 i
= 0.100
0.010
0.001 [ PRRPRPIPPP | PR | PR | PURPET PPN |
— = T 10,000~ T YT Yy BT,k ik O Tl
SMC: CMB subtracted | : Jot et ol.i lsroel et ol (2010)0 11 Some submm excess in
M f .
CMB ond foreground subtracted @ 1l the SMIC remains after
Lo | CMB subtraction
)
3. 0.100 |
= o
L L J
0,010k «®
; #
Y .Q,:
0007 s '",;: e “"‘;s - ““,‘;. B ,;, - Model Draine & Li 2007
Mum) (see Bot et al. 2010)

7 See arXiv: 1101.2046. C. author J.Ph Bernard
‘4 planck
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My /o

Submm excess of the SMC

"Jm!"

p— ' FDS

o o} 1 SMC excess map (3mm)
3 " 5 of 1 ]
i i |
< oo - - a:'ozr

t : o
0.0 51 f; oso-:[ ito ] {
0000 A o:um:A '{
“ mlo"o’: e * mlol'p'l o
10.0000 vy 10.0000 T ey NSNS
- DP'_LO7 + spinning! . TLS + spinning '
el \'\ . : 1.0000 -
1.0000 "7 ‘\-M 1 o W, 1
4 5 0 'cr | ‘ \\ 1 (| 1 1 A | | 1
0.1000 \ g W -
' 13 e 1
13 W i .
0.0100 ] > ey g {  Submm excess follows the spatial
e ocoro} \”\’ﬁt , | distribution of thermal dust at
1 high frequencies
0.000! 0.000! " P L N
0 100 1000 10000 100 1000 10000

A (m) A (pm)
- Free-Free contribution subtracted, extrapolated from Ho emission, assuming no extinction

- Very Cold dust (FDS model) provides poor fit. Requires IR/optical opacity ratio 15 times larger
than MW. Unlikely given spatial distribution.

- Best fit obtained for a combination of the Two-Level System (TLS) model and spinning dust
- Amorphous grains with similar parameters as MW, but more amorphous than in MW
- Spinning dust parameters compatible with PAH emission in the SMC

‘ planck See arXiv: 1101.2046. C. author J.Ph Bernard
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Submm emissivity of MW, LMC, SMC

Large variations of the sub-mm emissivity are observed between the MW, the LMC and the SMC
MW: 3 (FIR)=1.8

LMC: 3 (FIR)=1.5 (consistent with Gordon et al. 2010)

SMC: § (FIR)=1.2

Absolute value in the FIR : - ' -
MW: consistent with accepted value I +
LMC: consistent with Dust/Gas=1/2.4 Pooo
SMC: consistent with Dust/Gas=1/13 '990F T E
MW emissivity flattens above 3 & i :
3 S A N
A~500 um £ 0.100f LR - -
SMC emissivity flattens above & “. : ' I ]
A~700 wm 3 [ T B S
LMC emissivity seems «straight» [ MW/ e _ 1 p=1.2
0.010f I . =
: LMC St pels
- Normalized at 100 um p=1.8
000V L o o o .1 s . ——a
100 1000
A (um)
‘ planck
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Nearby Galaxies with Planck

First results on the properties of nearby
galaxies from the all-sky Planck Early
Release Compact Source Catalogue
(ERCSCO)

468 for SED among a list of 1717 galaxies
with reliable IRAS association and strong
detections in the three highest frequency
Planck bands and no

evidence of cirrus contamination

Evidence for colder dust than previously
found in external galaxies, with T < 20K

Most galaxies SED requires warm and cold
(as low as 10 K) dust

B varying with wavelength, may lead
to different results regarding this very cold
component

See arXiv: 1101.2045. C. author D. Clements

‘ planck
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Spitzer, Herschel and Planck are bringing wonderful data about dust in galaxies.

These observations confirm some previous findings, such as :

- Large variations of small dust abundance
- Dust coagulation
- Presence of cold cores

They also bring somewhat surprising new pieces of evidence, such as :

- Dark Gas in MW and nearby galaxies
- Large D/G variations in MW halo
- Variations of dust emissivity between MW, LMC, SMC

There are still important questions to be answered, such as :

- How ubiquitous is spinning dust in external galaxies ?

- Is there emissivity variations at galactic scale ?

- What controls emissivity variations with wavelengths, temperature, ... ?
- How well can we measure the total mass of galaxies from dust emission ?
- What is the impact of D/G variations, ISRF mixing on our estimates ?

This is just a beginning ... And we may have enough data.

What is central now may be full modeling of galaxies and of the physical processes
affecting FIR/Submm dust emission.

The analysis of the Herschel data should bring a lot more answers. Planck results
(longer wavelengths) should be considered carefully when interpreting Herschel data.
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The scientific results that we present today are a product of
the Planck Collaboration, including individuals from more
than 50 scientific institutes in Europe, the USA and Canada
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Planck is a project
of the European
Space Agency --
ESA -- with
instruments
provided by two
scientific
Consortia funded
by ESA member
states (in
particular the lead
countries: France
and Italy) with
contributions from
NASA (USA), and
telescope
reflectors provided
in a collaboration
between ESA and
a scientific
Consortium led
and funded by

=0 Denmark.
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B v Planck Early Papers

arXiv:1101.2029:

All sky temperature and dust optical depth from Planck and IRAS: Constraints on the "dark gas" in our galaxy
(contact author: J.-Ph. Bernard)

arXiv:1101.2046:

Origin of the submm excess dust emission in the Magellanic Clouds

(contact author: J.-Ph. Bernard)

arXiv:1101.2032:

Properties of the interstellar medium in the Galactic plane

(contact author: D. Marshall)

arXiv:1101.2037:

Planck Early Results: Thermal dust in Nearby Molecular Clouds

(contact author: A. Abergel)

arXiv:1101.2035:

Planck Early Results: The Galactic Cold Core Population revealed by the first all-sky survey
(contact author: L. Montier)

arXiv:1101.2034:

Planck Early Results: The submillimetre properties of a sample of Galactic cold clumps
(contact author: I. Ristorcelli)

arXiv:1101.2031:

Planck Early Results: New Light on Anomalous Microwave Emission from Spinning Dust Grains
(contact author: C. Dickinson)

arXiv:1101.2036:

Planck Early Results: Dust in the diffuse interstellar medium and the Galactic halo

(contact author: M.A. Mivilles-Deschenes)
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Anomalous Microwave Emission (AME)

—— Mode
—e— Ancillary data
—— \WMAP . . °
ot} = Pk - New AME regions identified
- Simplistic approach to remove synchrotron
- G173.6+2.80
20 | (Haslam), free-free (H-alpha) and thermal dust
e - Residual map inspected for strong AME
[y 0
e | regions
i - 50 candidates inspected for early papers,
- R e i { few selected for further modeling
100 A .
5| —— Model e Model
10" F —e— Ancillary data ; —e— Ancillary data
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;t‘l-'\ IO" :E v {
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Frequency [GHz]

See arXiv: 1101.2031. C. author C. Dickinson
Bernard J.Ph., Dust to Galaxies 2011, Paris 49
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Dust Optical Depth (MW)

‘ planck
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Dust Optical Depth (MW)

‘ planck
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Dust Optical Depth (MW)

‘ planck
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Dust Optical Depth (MW)

‘ planck
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Dust Optical Depth (MW)

\,‘\ planck
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Dust Optical Depth (MW)

-7.0 o e -3.7

@ planck
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Spectre de la poussiere du milieu diffus

1.8
_ 16F
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g 1.000 //“"‘ﬂ )
— A
> 0.100 e
= M HFI-IRAS: T=17.821.1 K; p=1.79:0.18
2 0.010 I
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100 1000
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Ionized phase

T=25.420.2K

1.£+02

Thermal dust SED represented by
warm grains

1E+00- ©

Free-free emission modeled by
power law (spectral index = -0.1)

* 80% of WMAP free-free emission 1.6-06 . — . .
10000 1000 100 10 1
accounted for v GHz)

* Consistent with very recent RRL

measurements in the plane

My S¢' / 10™ H otoms

1.£-04

L
L

AME barely visible

1) In agreement with our simple assumptions
2) Free-free emission dominates
3) Contrary to other phases

Adapted from Alves et al. (2010)
See arXiv: 1101.2032. C. author D. Marshall

‘ planck
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Dust in various phases of LMC

IR, =a (MN,'+b (W) + ¢,(MN;i + d(n)

= MIPS 160um

2CO(J=1-0) 2nd
survey (0=2.6’), with -
the 4-m radio o
NANTEN telescope ! ..
(Fukui et al., 2008).
Paradis et al. 2011 Bernard J.Ph., Dust to Galaxies 2011, Paris 53
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Dust in the diffuse ionized gas (LMC)

£ ~ Case 1- HI i Case 1- CO 'fBr(i Case 1- Ho, .
Modeling | »
witha | ¢ 1 8, vse A0 b
single RF| : L7 pran W
3 .l . NIl'l cont.
B |- H+ Case I v/ Dust emission in H+ dominant in the FIR
5 HI 7
S — co 2 v T§+=23.9 K, THE18.7 K and T,C€16.1 K
e v efF= 2.3x1026 cm?/H
& L e 5 => & vc=1/10 €5=1/40 € ;.

2 (um)

Paradis et al. 2011
Wednesday, July 6, 2011

H+ HI
v (Ypan/Ygeo) =1/3 (Ypan/Yge)

Cco
=1/6 (Ypan/Yge)

v ? of the NIR continuum in the H+ phase

Bernard J.Ph., Dust to Galaxies 2011, Paris 54



The TLS model of amorphous grains

Paradis et al. 2011, in prep.

Deriving standard paramefters
of the TLS model (5
parameters) to explain both
FIRAS MW spectrum and
Archeops observed SED
flattening with increasing T,.

Bernard J.Ph., Dust to Galaxies 2011, Paris 55
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Spitzer SINGS galaxies
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Draine et al. 2007
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Modeled 65 galaxies of SINGS,
some with submm photometry
(SCUBA)

Uses a mix of radiation field
intensities with diffuse (U

PDR (Uv) contribution

) and

min

Find:

- spiral galaxies have dust properties
Similar to MW solar neighbourhood
(D/G and q,,,,)

- Do not require very cold dust (T<10
K)

- Dust-to-gas ratio is observed to be
dependent on metallicity

- (., cOrTelates with metallicity
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The TLS model of amorphous grains

Paradis et al. 2011, in prep.
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Deriving standard parameters of the
TLS model (5 parameters) to explain
both FIRAS MW spectrum and
Archeops observed SED flattening
with increasing T,.
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