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Chemical Evolution from
Ipterstellar Clouds to Planets
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Bridging the Missing Link between Interstellar Chemistry
and Planetary Chemistry
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Disk Forming Region in L1527

¢100 au Sca |e Frequency Velocity

Distance from the protostar [arcsec]

4h39m54 25% 54.00% 23.75° 53.50% -4 2 0

2 4
Right Ascension (J2000) Line of sight velocity of 1633)

(Sakai et al. 2014, Nature, 507, 78) c-C;H, molecule [km/s]



Infalling Rotating Envelope

Oya et al. (2014)

-1 Assumptions
Particle motion
Optically thin, n oc 719
Line width, Resolution
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Infalling—Rotating Envelope Centrifugal Barrier



IRAS 16293-2422: Class 0, Hot Corino

Class 0 in Ophiuchus
d= 120 pc (Chandler+ 2005)
Outflow dynamical timescale: ~ 1034 yr

Hot Corino
Rich in COMs

HCOOCH;, (CH,),0, Glycolaldehyde, etc.
(eg Cazaux+ 2003; Jargensent 2012)

Rotating Motion in Source A

C'0, C**S (SMA + eSMA), HCOOCH, (ALMA Cycle 0 SV)
(Jorgensen+ 2012; Pineda+ 2012; Favre+ 2014)

— Analysis with the IRE model Ovya et al. 2016, ApJ, 824, 88



Kinematic Structure Traced by OCS

-1 Envelope traced by OCS
1 Not the Keplerian motion

o1 IRE model
u M=0.75 My, rpg =90 au
w/=30°% R, =180 au 27)

Envelope Direction Direction Perpendicular to the Envelope

) OCS: color
Rotatlng Model: contour
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Summary: WCCC Sources vs a Hot Corino

urce Hot Corino
(L1527,115398, TMC-1A) (116293)
/

IREs are traced by different molecules in different type of sources.
It depends on the chemical compositions of the envelopes.

Ring structures are shown by volatile species.
Disk components inside the centrifugal barrier are detected.
Sakai et al, 2014, ApJd , 798, L31 Oya et al. 2016, ApdJ, 824, 88



ALMA observations tell us:

o Strong chemical diversity at a 50 au scale
Related to the chemical diversity at the protostellar
core scale, but even stronger than that.

 Chemical composition highlights particular
parts/phases of disk formation around the
orotostar

 Infalling material is subject to a drastic chemical
change across the centrifugal barrier
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Chemical Analysis of External Galaxies
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What is the ‘standard’ chemical composition
averaged over molecular clouds?



The Large Magellanic Cloud

Quiescent LME*~a'= 50 kpc
clouds Star-forming clouds
m CO Peak 1 m N79
= NQC2 m N44C
= N11B
. ® 7 clouds
Star-forming clouds
with Hil region —=—-—- ® 450 hours
. N113 ® Mopra 22 m
= N159W (HPBW = 38")

Spitzer-MIPS, Herschel-PACS, Herschel-SPIRE
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Observatlon of M 51 with IRAM 30 m

"“co (1-0)

Schinnerer et al. 2010

IRAM 30m
Date : Dec. 2011, Aug. 2012
Frequency Ranges: 83 — 116 GHz

130 — 148 GHz
Resolution: 30” - 17”




Comparison between Positions 1 and 2
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Watanabe et al. 2014, ApJ, 788, 4



Molecular-Cloud-Scale Chemical Composition
Seen in the 3 mm Band

e Dominated by the contribution of the extended
molecular gas

—> Effects of local star formation activities are mostly
smeared out.
—>Galactic scale effects will affect it.

e Determined by fundamental physical and chemical
properties

—>Chemical model calculations tell us:
n(H,)~10% cm3, Av~4 mag, t~10°-10° yr




Galaxy

Z[Z; O/Hx10* C/Hx10* N/Hx10° S/Hx10°

v LMC 142 2.40 0.79 0.87 1.02
v IC10 1/5 1.58 x% 0.46 x% 0.63 x11—0 0.75
Milky Way 1 7.41 4.47 9.12 1.70
M51 ~ 1 6.31 3.98 15.85 1.59
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Nishimura et al. 2016, ApJ, 829, 94
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