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Some statistics…	


•  222 registered participants	

–  62 women (28 %)	

–  large young population, many PhD students	


•  53 oral papers	

•  114 posters	


– ~ 50% “blitz presented”	


•  7.5h x 3.5d = 36 hrs in session	

•  => ~ 1500 slides !	
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From pebbles to atoms…���
to nuclei���
���

(a personal view)	
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Allende (Mexico, 1969; ~ 2 tons !) 

Chondritic grains 

« Calcium-Aluminium  
Inclusions» (CAIs): 

= radioactive disintegration 
of isotopes 

7Be 10Be 26Al 36Cl 41Ca 53Mn 60Fe 
(“extinct", short-lived radioactivities) 

The young solar system: “extinct radioactivities” problem in meteorites	


Gounelle, Chaussidon, Shu, et coll. 

Matrix 
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=> Evidence for SN	

contamination at birth	

of solar system	
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link with the	

Big Bang	


@E. Bergin	
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Planets in debris disks:	

~ gas giants in the early SS	
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HDO, D2O

HDO/H2O ~ 3.5%, 0.5% and 4.5% in hot corino, outer envelope and

photodesorption layer (p.d.l.), resp.

≥ 10× ratio in Earth’s ocean : if confirmed, need a mechanism to explain
the decrease of HDO/H2O from protostars to comets/planets.

D2O absorption due to cold+p.d.l. → D2O/H2O ~ 0.1-4×10-3 and

D2O/HDO ~ 1-10%, consistent with statistical distribution in Butner et al.

2007.

•

•

•

Coutens A. et al.: A study of deuterated water in the low-mass protostar IRAS16293-2422
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Fig. 4. In black : HDO lines observed with HIFI, IRAM and JCMT. In red : best fit model obtained when adding an absorbing layer with a HDO
column density of ⇤ 2.3 ⇥ 1013 cm�2 to the structure (see details in text). The best-fit inner abundance is 1.7 ⇥ 10�7 and the best-fit outer abundance
is 8 ⇥ 10�11. The continuum shown for the 894 GHz line, as well as for the 465 GHz line, refers to SSB data.

a weaker component of HDO is emitted at about 6⌅⌅ from the
core A (see Figure 20 in Jørgensen et al. (2011)). The beam size
of the IRAM-30m telescope at 81 GHz encompasses this com-
ponent and could explain the lack of predicted flux as well as the
di�erent line profile. This hypothesis seems consistent with the
lower frequency HIFI lines (491, 509 and 600 GHz) for which
the best-fit model misses flux.

The derived abundances for HDO are in agreement with the
3� upper limit (0.16 K km s�1) of the HD18O 11,1-00,0 transition
observed in our spectra at 883 GHz. Assuming a HD16O/HD18O
ratio of 500 (Wilson & Rood 1994), value at the galactocentric
distance of IRAS16293, the modeling predicts an integrated in-
tensity of 0.15 K km s�1.

Note that in order to obtain consistent profiles of the model
compared with the observations, the LSR velocity, VLSR, is about
4.2 km s�1 for the HIFI and JCMT lines whereas it is about
3.6 km s�1 for the three IRAM lines. This discrepancy of the ve-
locity in the modeling could be explained by the origin of the
emission of the lines. The 4.2 km s�1 velocity component could
represent the velocity of the envelope. For example, the veloc-
ity of the absorption lines of the fundamental transitions of D2O
tracing the cold envelope of IRAS16293 and detected by JCMT

(Butner et al. 2007) and by HIFI (Vastel et al. 2010) is 4.15 and
4.33 km s�1 respectively. Even if some HIFI lines trace both the
inner part and the outer part of the envelope, the velocity of the
outer envelope should dominate because of a smaller line widen-
ing in the outer envelope. On the contrary, the flux of IRAM lines
at 226 and 242 GHz trace the hot corino only (see Fig. 1 and Fig.
6). Their velocity (⇤ 3.6 km s�1) is lower, in agreement with the
velocity of the core A (VLSR ⇤ 3.9 km s�1).

As previous studies regarding HDO used the collisional co-
e⇥cients computed by Green (1989), we have run a grid of mod-
els with these rates for a comparison. The simultaneous best
fit of all the transitions using these rates is obtained for an in-
ner abundance Xin = 2.0 ⇥ 10�7 and an outer abundance Xout
= 1 ⇥ 10�11. The inner abundance is similar to what we found
above with the collisional coe⇥cients determined by Faure et al.
(2011). However, the outer abundance is a factor of 8 lower. The
⇥2 also gives a higher value (⇥2

red = 2.8), showing therefore that
the observations are better reproduced with rates with H2 than
with He.
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Fig. 1. Energy levels for the detected fundamental lines of D2O.

whose linewidth is 0.5 km s−1, is likely due to the foreground gas
(molecular cloud and cold envelope). Therefore, the absorption
component provides a straightforward measure of the column
density of para–D2O in the cold gas surrounding IRAS16293.

2. Observations and results
In the framework of the Key Program CHESS (see the review
by Ceccarelli et al., this volume), we observed the solar type
protostar IRAS16293 with the HIFI instrument (de Graauw et
al., 2010; Roelfsema et al., this volume) on board the Herschel
Space Observatory (Pilbratt et al., 2010). A full spectral cover-
age of band 1b between 554.5 and 636.5GHz was performed
on March 2nd 2010, using the HIFI Spectral Scan DBS mode
with optimization of the continuum. The fundamental ortho–
D2O (11,1-00,0) transition lies in this frequency range, at 607.35
GHz (see Figure 1). The HIFI Wide Band Spectrometer (WBS)
was used, providing a spectral resolution of 1.1 MHz (∼0.55 km
s−1 at 600 GHz) over an instantaneous bandwidth of 4 x 1GHz.
The targeted coordinates were α2000 = 16h 32m 22.s75, δ2000 = −
24◦ 28′ 34.2′′. The beam size at 610 GHz is about 35′′, the theo-
retical main beam (resp. forward) efficiency is 0.72 (resp. 0.96),
and the DBS reference positions were situated approximately 3′
east and west of the source. The data have been processed using
the standard HIFI pipeline up to level 2 with the ESA-supported
package HIPE 3.01 (Ott et al. 2010). The 1 GHz chunks are then
exported as fits files into CLASS/GILDAS format1 for subse-
quent data reduction and analysis using generic spectral survey
tools developed in CLASS in our group. Spurs when present
were removed in each 1 GHz scan and a low order polyno-
mial baseline was fitted over line-free regions to correct residual
bandpass effects. These polynomials were subtracted and used
to determine an accurate continuum level by calculating their
medians. Sideband deconvolution is computed with the mini-
mization algorithm of Comito & Schilke (2002) implemented
into CLASS using the baseline subtracted spectra and assuming
side-band gain ratio to be unity for all tunings. Both polariza-
tion were averaged to lower the noise in the final spectrum. The
continuum values obtained are well fitted by straight lines over
the frequency range of the whole band. The single side band
continuum derived from the polynomial fit at the considered
frequency was added to the spectra. Finally, the deconvolved
data were analysed with CASSIS software (http://cassis.cesr.fr)2.
Exact measurements of the main beam efficiency have not been
performed on planets at the time of our observations. However,
we are dealing with absorption measurements, and are only in-
terested in the relative depth of the absorption compared to the
continuum level. Consequently we present in the following the
spectrum (Figure 2) and parameters (Table 1) in T∗a for the ortho–
1 http://www.iram.fr/IRAMFR/GILDAS
2 CASSIS has been developed by CESR-UPS/CNRS

Fig. 2. Profile of the para–D2O (11,0-10,1) line (histogram) observed at
JCMT (upper panel), as well as the 3 components gaussian fit (solid
line) and ortho–D2O (11,1-10,1) line observed with HIFI (bottom panel).

D2O line. The bottom panel of Figure 2 shows the resulting HIFI
spectrum, with the measured continuum level of (234 ± 23) mK
(where the error includes the uncertainty in the calibration, typ-
ically 10%). The achieved rms is about 12 mK in T∗a, in the
0.5 MHz frequency bin. The fundamental ortho–D2O transition
at 607349.449 MHz is well detected in absorption against the
strong continuum, at the velocity of ∼ 4 km/s. The parameters
of the line, obtained using CASSIS which takes into account the
ortho and para D2O forms separately from the Cologne Database
for Molecular Spectroscopy (Müller et al. 2005, Brünken et al.
2007), are reported in Table 1. We report in the same table also
the parameters of the para–D2O (11,0-10,1) fundamental line pre-
viously observed at the JCMT, published by Butner et al. (2007),
at a rest frequency of 316799.81 MHz. The data were retrieved
from the JCMT archive and reduced within CLASS. We per-
formed a 3-component gaussian fit with CASSIS and the result-
ing fit is reproduced in Figure 2 on top of the data in main beam
temperatures. The para–D2O line in emission has an intensity
of 0.10 ± 0.02 K in main beam temperature, and a linewidth of
4.01 ± 0.77 km s−1. The bright line at 10 km s−1 is likely due to
CH3OD (see Butner et al. 2007).

3. Determination of the D2O OPR
Crimier et al. (2010) have used the JCMT SCUBA maps of
IRAS16293 at 450 µm and 850 µm (and other data) to recon-
struct the structure of the IRAS16293 envelope. From this work,
one can compute the expected continuum in the HIFI beam at
607 GHz (o–D2O line). Using the SED of Crimier et al. (Fig. 1
panel d) and their Table 1, the IRAS16293 flux is 270 ± 108 Jy
at 450 µm and the HIFI beam contains approximately 80% of
the total source flux (Fig 1, panel b). One can note that the SED
steep slope yields the flux at 607 GHz to be smaller than the one

2

Vastel+2010Coutens+2012
at 607.35 GHz

Protostellar core chemistry:	

Deuteration !	


@S. Botinelli	
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ND2H (2-1)
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χ2 minimization:

N = (0.2 - 3.0)×1014 cm-2 ;
Tex = 3 - 7 K ; 

FWHM = 1.0 - 3.0 km/s

ND2H (2 1 1 0 - 1 0 1 1) ND2H (2 1 1 1 - 1 0 1 0) ND2H (2 2 0 0 - 1 1 0 1)

ND2H (2 2 1 0 - 1 1 1 1) ND2H (2 2 1 1 - 1 1 1 0)

@S. Botinelli	
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@E. Bergin	
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AV ≳ 7 + accretion	


@P. André	
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Aquila: from filaments to cores	


Mensch’nikov+ 2010	
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CO	
 HI “halo”	


“Convergent flows”: Hennebelle et al.	


turbulence	




Wind shocks from massive stars: 	

MK plasma confined by cavity 	

pressure equilibrium => “passive” feedback (flow)	

 cooling ~ Myrs	
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Orion (XMM): Güdel et al. 2008 + in prep.	
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Chandra: PI L. Townsley; Montmerle et al.  ApJS	


The great Carina X-ray mosaic: winds + SNRs ?	


Orion	


22 Chandra fields	

~ 14,000 sources	
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DSS (warm gas)	

+	

MSX8 (dust)	
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Evidence for charge-exchange lines !	


~ cradle of the Sun ?	




Neutral gas	
 Hot gas	

(or overionized gas)	

⇒  thermal X-rays	


from volume	


Plasm
a           discontinuity	


Neutrals �
flowing �
by inertia �
through�
the hot gas�

L CX	


“cold-hot interface” = MFP of neutrals through the hot gas	

after R. Lallement; see Lallement 2004 for SFR	


superimposed	

non-thermal	

X-ray lines	


from charge-exchange	

(CX) layer/shell	
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CO	
 HI “halo”	


SNR	
MK	

plasma	


CX	


less accretion => less star formation ? Negative feedback	


X	
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Carina Herschel	

70-160-350	

Preibisch et al. 2011	
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The galactic center	


@S. Longmore	
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SgrA	


Arches cluster	


Quintuplet cluster	


1E1743.1	


Hot plasma in the galactic center region	


=> low SFE = inefficient accretion ?	
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D	


Cosmic web = filaments	

(+ dark matter)	

characterization methods 	

succesfully used in molecular	

cloud filaments !	


Robertson+ 2010	
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