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From the ISM to the Origin of Life
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From the ISM to the Origin of Life

Molecular clouds , : Solar-system
(Pre-stellar Cores) - o .

Circumstellar disks ) : ) i 0
| ’ f \.. ,0

Complex Organics
(COMs)

How complex can organic chemistry become in the ISM?
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Complex Organic Molecules (COMs)
COMs detected in the ISM

> Galactic Center GMCs (Hollis+2000;Martin-Pintado+2001;Requena-Torres+2006,2008)
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Complex Organic Molecules (COMs)
COMs detected in the ISM

> Galactic Center GMCs (Hollis+2000;Martin-Pintado+2001;Requena-Torres+2006,2008)
» Star forming regions: Hot Cores and Hot Corinos
(Beltran+2009; Belloche+2008,2013; Jorgensen+2012)
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Complex Organic Molecules (COMs)
COMs detected in the ISM

> Galactic Center GMCs (Hollis+2000;Martin-Pintado+2001;Requena-Torres+2006,2008)
» Star forming regions: Hot Cores and Hot Corinos

(Beltran+2009; Belloche+2008,2013; Jorgensen+201 2)
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Challenges:

« High spectral line densities = Line blending and confusion!

« Broad linewidths = Line identification problematic
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High-angular resolution key for COM detection
Jorgensen+2012 I AMSV

—— Methyl formate (HCOOCH ) IRAS16293

—— Glycolaldehyde (HCOCHZOH)
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High-angular resolution key for COM detection

Jorgensen+201 2

— —— Methyl formate (HCOOCH3)
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Amino acids and their precursors

OH

\1%1

Simplest Amino Acid: Ge
H—NLHJC
\R\ )

Sid

« Key molecule to understand the formation processes of pre-biotic
molecules in the ISM

* Firm detection in meteorites (Ehrenfreund+2001) and possibly in
comets (Elsila+2009)

LY ®
« Possible precursors detected in ®
hot cores and hot corinos (3 &"
(Belloche+2008; Jorgensen+201 2) Amino Acetonitrile Glycolaldehyde
(H,NCH,CN) (CH,OHCHO)

(Belloche et al. 2014)
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Kuan+2003

Search of Glycine in the ISM

Searches toward massive hot cores (e.g. SgrB2; Kuan+2003)

NE

HCOOCHS 14(8.6)

EICN 24(1.24)-23(1.23)

3
=

— Glycine

206430 450 470 490

Rest Frequency (MHz)

(Snyder+2005; Cunningham+2007; Jones+2007)

Snyder+2005

OTHER CANDIDATES FOR SOME OF THE REPORTED GLYCINE LINES

Search Frequency Glycine Frequency®
(MHz) (MHz) Possible Carrier Transition

Lines Reported in Sgr B2(N-LMH), Orion KL, and W51 el /e2

206468.023(1694) CH;CH,CN
, CH;3CH,CN
CH,CHCN 24,1 1314

029(104)
526(104)
228421.120(104)
240900.647(76) Compact source (sce text)

Putative glycine lines due to other molecular
carriers (e.g. ethyl cyanide with v>1).
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Brightness

A New Approach

Glycine in Solar-system Precursors
(Pre-stellar Cores)

0\ g

Velocity . '

L1544

Advantages:

T,2s<10 K = lower level of line confusion!

Linewidths <0.5 kms™! = little line
blending, easier line identification.

Complex organic molecules detected in
dark cloud cores and pre-stellar cores

(Marcelino+2007; Bacmann+2012; Cernicharo+2013; Vastel+2014).

High-sensitivity searches now possible =
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Glycine transitions with E < 30 K

COMS online graphic (T=300 K}
I_J:.l

Glycine
Conf. |

CDMS
Miiller+2005
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Glycine transitions with E < 30 K

COMS online graphic (T=300 KJ (For units and further details on the catalog entries see the General section.)
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The L1544 Pre-stellar Core

Caselli+2002 Caselli+2012
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UV photo-desorption of ices e
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« Gas-phase water produced by cosmic ray
induced UV photons (Caselli+2012) Visp (km/s)

« COMs released together with water

« Lines expected to be very narrow = high-spectral resolution needed!

16



Cold Glycine in Pre-stellar Cores: L1544

5000 AU O
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Gas-phase H,0 found
within r<5000 AU
(Caselli+2012).
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» Glycine abundance in ices
~0.01% wrt H,0
(Munoz-Caro+2002;
Bernstein+2002).

Jimenez-Serra et al. 2014

* Glycine is photo-desorbed
together with water.
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Simulations of Glycine Lines in L1544

Intensities > 10 mK!!!

T (K) Jimenez-Serra et al. 2014
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» » —
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Simulations of Glycine Lines in L1544

Intensities > 10 mK!!!

Trmb(K) Jimenez-Serra et al. 2014
: T | T T I T T | T T T ‘ T T | T T T | T T T | T
0.015 [} | ~ATHA Bands ) L1544 (T=10K)
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Gu

 Brightest lines between Line  Transition F(I\llHﬂ) (Aulz) 55
Z S
67 GHz and 85 GHz.
1 1010—915 | 67189.12 | 1.3x1076 188
2 1055—9:5- | 68323.70 | 1.3x1076 211
° Excellent target for 3 103 7—936 71611.56 1.5x107% 215
4 115101000 | 71646.39 | 1.6x107¢ 224
ALMA Band 2!!!! 5 105 59, 7 71910.30 | 1.6x107% 20.2
6 121 10—11 4 | 72559.35 | 1.7x10°¢ 23.3
7 1200011011 | 72601.11 | 1.7x107% 233
8 11101010 | 72841.25 | 1.7x10°¢ 223
9 11og—1005 | 78524.63 | 2.1x107¢ 24.0
10 125 101100 | 84813.04 | 2.7x10°6 280
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Simulations of Glycine for ALMA Band 1

Trs(K) L1544 (T=10K)

L ‘
0.02 1 ALMA Band 1 ALMA Band 2 B

L b Ll L | Hl ,HL !
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30000 40000 50000 Lonnn 70000 80000
Frequency (MHz)

Full Science Capabilities Most Compact | Most Extended
Continuum

g | Fraency | Wavlongn | prmary | S | Anguar | Specnd | s | St

& : FOV: ) beam) tion (*) | ATime (K) @ ATiine (K)
1 31.3-45 6.7-9.5 197-137 0.04 13-9 0.006 0.12-0.08 255
2 67-90 3.3-4.5 92-69 0.06 6-4.4 0.009 0.06-0.04 413
3 84-116 2.6-3.6 73-53 0.07 4.8-3.4 0.04 0.045-0.032 430
4 125-163 1.8-2.4 49-38 0.06 3.2-2.4 0.04s | 0.030-0.023 330
5 163-211 1.4-1.8 38-29 0.11 2.5-1.9 0.06 0.027-0.021 641
6 211-275 1.1-1.4 29-22 0.085 1.9-1.5 0.05 0.018-0.014 490
7 275-373 0.8-1.1 22-16 0.15 1.5-1.1 0.08 0.014-0.01 814
8 385-500 0.6-0.8 16-12 0.28 1.04-0.8 0.28 0.01-0.008 1900
9 602-720 0.4-0.5 10-8.6 1.1 0.66-0.55 0.9 0.006-0.005 | 8900
10 787-950 0.3-0.4 7.8-6.5 1.2 0.51-0.42 1.6 0.005-0.004 —

90(
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& (J2000)

COM distribution in L1544

Bizzocchi et al. (2014)

CHz0H (202 — o1 A) = (212 — L B2 O Extended nature of the COM
' emission.

25°12'00"

J Matches FOV and 6, for
Bands 1/2 in Compact
(FOV~707-200")
(Opeam~4.5"7-137)

25°11'00"

O ACA+TP needed to recover
large-scale structure.

25°10'00"

/7 0 Only sensitivity matters =
1 ACA+TP could be used as

5P04™20° 15° stand-alone instrument.
o (J2000)
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Normalized intensity

0.995

0.99 t

COMs in Extragalactic Sources

ATCA survey 30-50 GHz

d COMs (e.g. CH;0H, CH,CHO, H,CCO) detected at z~0.89

 Water in starburst galaxies at z~5.7 (vieira et al. 2013)

1 Grain chemistry becomes active early on in the Universe
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Conclusions

» High-angular resolution key for COM detection

» Broad bandwidth observations with high spectral resolution
= currently limited by ALMA data rates
= increase of simultaneous bandwidth desirable

» Detection of amino acids in cold sources
= Development of low-frequency receivers
= ALMA Bands 1 and 2 essential

» High-sensitivity needed but not limited by spatial resolution
= ACA+TP could be used as stand-alone facility

> Increase of ALMA sensitivity for extragalactic studies
= Detection of COMs at high-redshifts
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