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OUTLINE

¢ [ntroduction.

e Case Studies:

e Star Formation Rate in the Milky Way (HiGAL).
Proto-Stellar Clusters (HiGAL).
Structure of Filaments (HiGAL; HOBYS).
Higher angular resolution & sensitivity at Kpc distances.
Waterfalls in Pre-stellar Cores & Proto-stars (WISH).

Anomalous Microwave Emission (AME) by Dust




Introduction

e Anearly “Impossible Task”.

e Borrow the title from Xander Tielens on a recent (2013) meetir
on DIBs (The Diffuse Interstellar Bands, IAU Symposium 297).

The way forward involves (for the ISM) laboratory experiments,
molecular physicists, astro-chemists, astrophysics, international
collaboration & manageable expectations [i.e. not only higher
spectral and angular resolution at all wavelengths] (well id DIBs
at optical wavelengths).

Large surveys (Legacy & Key programs): Taurus & MIPSGAL
(Spitzer), HiGAL (Herschel): Low & High Mass SF

Distances & Velocities. Confusion along the line of sight (some our
biggest problem).
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Star Formation Rate in

Star Formation Rate from YSO counts

A first attempt in deriving the SFR in the two Hi-GAL SDP fields I1=30° and |=59° (Veneziani et
al. 2012), comparing YSO statistics for PROTOSTELLAR Clumps in the L vs M plot against
evolutionary predictions (McKee & Tan 2003, Molinari+ 2008).
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Initial sample of nearly 100,000 compact objects with counterparts in at leasi
three adjacent bands and with a distance assignment: almost 60,000 are shov
here outside the CMZ and with first estimates on distances.

10' 102 10° 10* 10°
M (Mo)

[=30° > 0.067 Mg/yr
[=59° > 0.011 Mg/yr

[Molinari+, photometric catalogues — Pestalozzi+ physical catalogue — Elia+ global science
analysis]

=1 J=1

SPIRE 500um beam -~
36 arcsecs

Herschel composite 346° < 1

Simultaneous 5-bands Plus IRAC+MIPS

(70-160-250-350-500um) continuum

mapping of 720 sq. deg. of the Galactic +WISE (SEDs) Molinari et al. 2014
Plane (| b|<1°)
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Stellar Mass (Solar masses)

From Robitaille & Whitney 2010

“Accurate method limited by sensitivity”

“2.7e+6 synthetic YSOs between 0.1 - 50 solar masses are required
Galaxy Wide to explain the observed number (~12 000 YSO:s). Based on IRAC + MIPS
This represents less than 0.5% of all YSOs in the Galaxy” 24um




Proto-Stellar Clusters Tips of the Bz
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Structure of Filament

Evidence of the importance of filaments prior to Herschel
but ... much fainter filaments + universality with Herschel

Extinction map of Musca .
gkt -;n@mlm 12027 m!.n m;:!l 13 .\ m -

N

Herschel

250 pm
N. Cox et al., in prep. - See Poster B-37
Polarization vectors overlaid on Herschel image of Musca

Cambrésy 1999
See also:
Schneider & Elmegreen 1979;
Abergel et al. 1994; Johnstone & Bally 1999; N. Cox et al. + Pereyra & Magel
Hatchell et al. 2005; Goldsmith et al. 2008; Myers 2009 ...
+ Many numerical simulations Ph. André — The Universe Explored by Hersche

» Suggestive of accretion flows
into the main filaments
DR21 in Cygnus X:
M/L ~ 4000 M,/pc
M. Hennemann, F. Motte et al. 2012
Also Schneider ea. 2010, Csengeri ea. 2011

PACS 70um (Jy/pix)

Taurus B211/3 filament: M/L ~ 50 M,/pc
P. Palmeirim et al. 2013

From Andre (2013)

In Nearby Clouds & the

MW, SF is taking place
along Filaments

Oi)tical Polarization
Heyer et al. 2008
Heiles 2000

3(0): ')
70 num
Ph. André — The Universe Explored by Herschel- 15/10/2013
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Column density map fronfHI-GAL

From Molinari 2013

Mass of Clumps on Filament (M.,.)
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Do more massive clumps form on more massive filaments ?
Or do filaments grow mass from the surrounding environments and

channel more mass to the clumps ?
No clear evidence for thresholds

Schisano et al. 2013, ApJ subm. (B4-P73)




Waterfalls in Pre-stellar Cores & F

stars

“Pre-stellar Cores
represent the initial
conditions in the process
of star & planet
formation” (Caselli
2013)”

[Water from this stage
to the solar system
phase]

FIR Unique to penetrate

50/60 magnitudes of
extinction.

Caselli 2013

The pre-stellar core physical/chemical structure

%CO freeze—out zone | Dark—cloud .-~

t chemistry.-~" PDR layer

N,D*, N,H™, D,CO, H, G0
hSEE e CCH, SO
NH,D, NH CQ, CS, C@s

Radius (AU)

Caselli et al. 1999, 2002, 2003; Vastel et al. 2006; Tafalla et al. 2006; Keto & Caselli 2008, 2010
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Waterfalls (1)

_20:.|l-n-nl.§1.I....l.:
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Visg (km/s)

(e
t\\\\&\;esa LARGE WATER RESERVOIRS AT THE DAWN OF STELLAR BIRTH

L1544 (in Taurus): HiFi observations of
ortho Water (1,,-1,,) at 557GHz (~40
arcsec beam) in absorption against
the IR background (Tdust~7K peak;
~300um)

10*

40” ~ 5500 AU at 140pc Radius (AU)




Waterfalls (lI1)

1-

Mottram et al. 2013 NGC1333-IRAS4A




AME in RCW175

o

WVSS 1.4 GHz Effelsberg 1.4 GHz Effelsberg 2.7 GHz Parkes 5 GHz Green Bank 8.35 GHz

Excess emission at mm ’,' ;
wavelengths. Perhaps related to ot P
Small spinning dust particles (PAHs).

Perhaps at the interface

Between the warm/cold dust (PDR).
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Fic. 12.— Complete SED for RCW175 from the radio to the mid-IR. The data have been modeled using a power-law representing the
free-free emission (dashed line), two modified blackbody curves representing the warm (long-dashed line) and cold (dot-dot-dot-dashed line)
thermal dust emission components and a spinning dust curve for the warm ionized medium (dot-dashed line). The best fitting values for
a, lﬁg’%ﬁf"fﬂand Té’i; Y™ and THW™ are displayed. It is clear that there is an excess over both the free-free and therrifal dwy

emission present in R/

Fic. 2.— Maps of RCW175 all the way from the radio to the mid-IR. There are two maps at 1.4 GHz, as the NVSS map provides a high
resolution image but, due to flux loss, it cannot be used to estimate the total flux density, and so we also have the Effelsberg 1.4 GHz map.
Where the angular resolution is < 5 arcmin, it is possible to identify both G29.0-0.6 and G29.1-0.7. All maps are on the same co-ordinate

WMAP 94 GHz SPIRE 500 micron

- .

SPIRE 350 micron SPIRE 250 micron PACS 160 micron IRIS 100 micron PACS 70 micron

.

IRIS 60 micron IRIS 25 micron MIPS 24 micron IRIS 12 micron IRAC 8 micron

Tibbs et al.



RCW 49 AME

RCW 49 AME from Caltech
Background Imager at 31GHz

(6’; 3sigma).

ATCA observations between 5,
19 & 34 Ghz (0.4 - 1 arcsec res)
confirmed the excess, but the
spectral index is consistent
with strong shock & stellar
winds (Paladini et al. 2014)

From Benaglia et al. 2013
ATCA 9Ghz (red)

IRAC 8um (green)

IRAC 3.6 (blue)

1-100arcsec scales w/ ATCA

DEC (J2000)

48:00.0

-57:50:00.0

N

10.0 10:24:00.0 50.0
RA (J2000)




AME 1n the Magellanic Clouds

Bot et al. 2010
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Desired Measure

Value or Range

Wavelength range uwm (3.6) 30 - 500um
Angular resolution arcsec Few arcsecs at long. wave

Spectral resolution, (A/ dimensionless R=1.e+4 - 1,e+5
AN)

Continuum sensitivity udy 103

Spectral line sensitivity 1019 W m-2 A few
5

Number of target fields dimensionless The MW disk(imaging);
few 100s for spectroscopy

Instantaneous FoV arcmin

Field of Regard

To study objects in the MW at few Kpc distances we still need
higher angular resolution and sensitivity in the FIR



