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Origins of Complex Molecules

Gas: CH3OH2+ +e 2 CH3OH + H only 3% yield ... too SLOW (Geppert et al. 2006)
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Origins of Complex Molecules

Solid: CO+H > HCO+H = H,CO +H > CH,0 +H > CH,OH
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Survey of Starless and
Prestellar Cores in Taurus
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Conducted a large-sample systematic survey of 31 prestellar Scibelli & Shii‘l‘éy '2326;7“"'
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cores selected from NH, mapping r.esults (Seo et al. 2015) in b org/abs/2002 02469
the Taurus Star Forming region
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Detected acetaldehyde (CH,CHO
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84 GHz CH;CHO 2-1 transition (E,, = 5 K) detected in 6 of the 21
cores for which the 96 GHz CH;CHO 5-4 transition was detected in

Velocity (km/s) Scibelli &
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Constraining Column
L o o
\—=/ Densities and Abundances

CH3CHO: CTEX Method

13.00

—— CORE 9 CH3CHO 5(0,5) - 4(0,4) A

—— CORE 9 CH3CHO 2(1,2) - 1(0,1) A
12.75 4

12.50 1

12.25 41

12.00 -

Log Column Density (cm™?)

11.75 1

0

Excitation Temperature (K)

* Scibelli & Shirley 2020 -



Constraining Column
L o o
\—=/ Densities and Abundances

CH3CHO: CTEX Method

13.00

—— CORE 9 CH3CHO 5(0,5) - 4(0,4) A
—— CORE 9 CH3CHO 2(1,2) - 1(0,1) A

fuy

N

~

w
s

._.
N
w
o
)

-
g
=}
S}
)

Log Column Density (cm™?)

Excitation Tel For Total Sample:
N range:

1.2-5.8

+/- 0.068 — 0.035
(102 cm™2)

T, range: 3.06-5.39
-/[+0.13 - 0.28 (K)

* Scibelli & Shirley 2020 -



Constraining Column
Densities and Abundances
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Methanol Abundances
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Evolutionary Models for Li544
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CH,OH Integrated Intensity Contours

CH,OH detected at
as low as A, ~ 3-4 mag!
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CH,OH Integrated Intensity Contours
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Table 1. Complex Organic Molecule Fit Results

DME (MAC)
Molecule Transition v Eu/k ° A, Twme  o(Tms) [(Toms) a(l)

(GHz) (mK) E (mK) (mK) (mKkms™') (mKkms
CH3CHO 33— 202 A 101.892410 7. 1.0E-06  23.1 3.8 10.7 1.3
50,5 — 40,4 / 95.963465 3.8 22 3.0E-05 89.0 9.0 30.0 2.0
50,5 — 40,4 E 95.947439 3.9 22 3.0E-05 50.7 8.0 22.76 2.0
212 — 1o AT 84.219750 5. 2.4E-06  24.0 6.0 6.98 1.3
40,4 — 30,3 / 76.8789525 9.2 3 5E-05  95.64 15.0 36.0
40,4 — 303 E 76.8664357 9.4 8 5E-05 110.36  15.0 10.635
ha—313 E 74.9241336 33 18 3E-05  50.99 14.0 14.0
41,4 — 31,3 £ 74.8916770 b 8 3E-05 58.8 16.0 14.658
CH30CH3 414 — 303 AA 99.326072 .- 5. ] K: 3.0 A o
3 EE 99.325217 .2 5.5E-06 6 3.0 .65 7 > X . 5.0 75 10.0
AE+EA  99.324364 » [ 5.5E-06  5.465 3.0 7. .4 p ) Velocity (km/s)
EE 93.857100 e 2.2 . :
. EE 89.699810 . 3. e 2
CH2CHCON 8 : ¢ 16.3 A

16.71
189 ! 39.6 6.0 11.96
84.946000 204 9E-05 2 1.0 12.0
87.312810  23.1 ! 5.3E-05  24. 4.7 9.9

89.130910 88 3 8E-06 - 1.9
101,10 — 91,9 92426257  26.6 63 6.8E-05  20. 4.4 1.386
100,10 — 90,9 94276641 249 63 6.2E-05 29. 5. 8.02
1019 — 91 ;278 6 : 4.7 1.55
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Estimating true column density from source size:
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Estimating true column density from source size:
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Next: Understanding COM
Spatial Distribution
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Important Takeaways

We observed methanol (CH,0H) in 100% of the 31

cores targeted and acetaldehyde (CH,CHO) in 70%!

.

=9 [X(CH3OH)I/IX(H2)]

bundances 10

urvey'’s to
target a large, homogenous sample of cores, warranting a comparison
between cores of similar environments

[ VCYN 75.58 GHz (AROWS)

Acetaldehyde, dimethyl ether and vinyl cyanide
have been detected in young core Li521E!

Velocity (km/s)

Our abundance measurements provide
constraints for astrochemical models

Vasyunin & Herbst 2013

t, years t, years



Complex Orqganics are
forming early and often in
lar
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