s
Ny
oY
G
vV D
53
s E
Y~

oMom
s
Q

s
)

5 S
f[
S &
S S
QO




The formation of a Sun-like




PROTOSTELLAR SHOCKS !

Because shocks sputter/shutter
dust grains

Plus:

Si-, §-, P-, Cl-
bearing
D/#H, Ions, ...
(a long saga of
discoveries &

papers...)




1. Jet-driven high-velocity shocks

HH211

% 5000 AU
% o B ——
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Gueth & Guilloteau (1992), Codella et al. (2009)

Rapid heating (from ~10 K to a few 1000 K) and
compression of the gas > "Shock chemistry”

High-T chemistry: endothermic reactions
Ice sublimation & grain disruption

The gas acquires a chemical composition distinct
from that of the unperturbed medium

RA Offset (ar

Codella et al. (2014, 2017);
Lee et al. (2014, 2017ab)




2. Slow accretion shocks
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First case: Jet-driven shocks: L1157-B1
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white: Si0 (2—1) y

Complex and clumpy structure,
with typical shock tracers
68°01'00" peaking at different positions
(multiple shocks)
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JCOMs in L1157-Bl

iCOMs: from 10 to 80 lines/species
For'mamude (NHZCOCH3)
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Glycolaldehyde /H

The genealogical tree
of Ethanol

Physics + Chemistry
Road maps to
Glycolaldehyde e S aae
in gas-phase 3
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NH,CHO (colour scale) detected towards

the B1 bow structure.
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NH,CHO is anticorrelated wrt CH,CHO

NH,CHO vs. H,CO NH,CHO vs. CH;CHO
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The smoking gun
of gas-phase at work
(at least in L1157-B1)
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Second case: The inner 50 AU of a @
Sun-like protostar: accretion shocks §

HH212 as observed with ALMA (Band 7)
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All the ingredients of the Sun-like star formation recipe
imaged with a single spectral set-up:

Q . The flattened (dust & molecules) envelope b —iibta i
Genesis - SKA . The hot-corino (COMs) heated by the protostar [

. The forming disk
@ @ . The hot and fast collimated jet
. The cold, slow, and extended swept-up outflow
. The cavity as interface between outflow and static cloud




The inner 50 AU of a Sun-like
centSi protostar: #D0O & CH,CHO

HH212—mm, CHsCHO, Cycle 1
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Codella et al. (2018)




The inner 50 AU of a Sun-like
profosfar. #DO & CH,CHO
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Size, about 70 au
(i.e. Solar System scale);
T ~ 80-100 K;
n > 108 cm-3;
Velocity gradient along the equatorial
plane (connected with the disk)




fJCOMs associated with the disk

Emission related with the extended rotating disk

Centrifugal
Radius
GGS IaunChed by l Gas stagnation

The Cen‘l'r‘ifugal Broadened IRE (Accretion shock)
Centrifugal A

barrier ? Barrier
(Sakai et al. 2017) |EESEEE

velocity-outflow?
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the centrifugal barrier
+

outflowing and expanding rings

Angular Offset (arcsec

Back part of COM ring \
(front part invisible as
projected against dust

disk) P

NB: given edge-on view (i=87)°

We will be mostly sensitive

To Vr component, not to Vz, hence

the sign of Vrad wil be as sketched here

Dashed arrows: infall
Solid arrows: Outflow

> Observer

\  Front part of COM ring
(back part hidden behind dust disk)




outflowing and expanding rings
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Conclusions

iCOMs are key tools to observe the
fundamental processes (accretion,
ejection) sculpting the cradle where a
star (and its planetary system)

is going to form NOEMA

NOrthem Extended

...and viceversa.... Milimeter Array

The jet/disk protostellar system
is the ideal place to understand
when the seeds of life form
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Be prepared to the advent of SKA |l 20"39™15%0 1070
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