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Outline of my talk

(long) introduction — history in
commencing “Astrobiology”

Pre-biotic materials in the ISM
Homo chirality

Biomarkers

Concluding advertisement
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Spontanesous Generatlon of Life
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 Chyba & Sagan, Nature, 355, 125-132,
(1992); Ehrenfreund et al., Rep. Prog.
Phys., 65, 1427-1487 (2002)

» [RIBRRNDERILEITIKTF
_ERTMAS  BREE. RBICLDER
— PR : A IR ASIHT AL
> HERS DDA YA

CPS Seminar 2013 June 14



BRAEFHRFICLDHFm
BRAIANDAEHMER

EITH KRR
> +HHENER

PHERR
> 8HTIFE DAL

(Chyba & Sagan, 1992)

2012/05/26

Impactor-driven shock synthesis of organics (kg carbon yr =)

1012E ! [ T l T I[ T T I ] T

S O
~ ®

o
‘Tr!mrr[z?nrmq IIITITYT[ Hlﬂlﬂ[ T

-
=

TAanTr

—
—

Impacl synthesis,
reducing atmospheres

’ -

o

‘e,

Impact synthesis,
neutral oxidation state atmospheres

44 42 40 38 36 34 32 30
Time (Gyr ago)

BHRRKAAF R



Formation of Organic Material

Terrestrial sources (kgyr—!)?
UV photolysis® 3 x 108
Electric discharge © 3:35¢ 10/
Shocks from impacts® 4 x 107
HydroItheraml Vents® [ 10°

Extraterrestrial sources! (kg yr—1)?
IDP’s 2 % 10°
Comets [ 1M

Total 10"

From Ehrenfreund et al. (2002), Table 6
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Stellar Death
and Mass Ejection
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Prebiotic Molecules in the Solar
System



CH,OH on Small Solar Bodies

H,0-CH;OH ice

* CH;OH absorption on v4,v5,v9, v10
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Fly-bys and Sample Return

* Comets Halley, Borelly and Wild-2
— Halley: CHON particles detected

— Wild-2 less evolved comet, spent most of its
time 1n Kuiper Belt, captured into current orbit
only 30 years ago

Stardust mission

Report on Glycine
(Elisia et al. 2009)




Organic Molecules in the
Interstellar Space



Prebiotic Species in Space

* Amino acids

— Glycine, Alanine (trials only)

— Amonoacetonitrile (G.C.)
* Sugars

— Glycolaldehyde (G.C.) : simplest
* Nucleic acids

— No searches

— Trals for their building blocks
pyrimidine, imidazole, pyrrole,,,




Aminoacetonitrile
NH,CH,CN

H,0
To form glycine through hydrolysis

(precursor to glycine) 05 E.

SgrB2(N): Source size < 2 arcsec
(very compact)

Hadfilpovad | [

Tmp (K)

Belloche et al,
A&Ap, 482, 179 (2008)

Need Confirmation
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Pyrrole

— Myers et al. (1980),
Kutner et al. (1980)

(Furan)
— Kutner et al. (1980)

Imidazole

— Irvine et al. (1981)
Prymidine

— Kuan et al. (2003)
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Hot Core Chemistry — Cold & Hot

Prestellar Protostellar _|H.Nomura
' f
/Gra_lrnNiLcl)rKace \ ﬁas-phase reactions o@
C, 0’ N, T> 1OOK \l
HO\ S. CO. ... — thermal evaporation___.
» &Y ! grain surface
® from grains
' f
gra'wr e H,0—-H;0+%>destroy molecules
o @ CH., C,H,— carbon-chain mol.
s 4r 2112
Hydrogenated, NH;—-HCN, HC;N, CH5CN, ...

saturated molecules st -S50, SOZ,
CH,, H,0, NH;, | |CH,OH->CH;0CH;, HCOOCH, ...

H,S, CH,OH, ...
\_ O ) \(Charnley+ 1992, Millar+ 1997, ..)




Glycine Formation on Ice (1)

Bernstein et al. (2002)
UV 1rradiation onto interstellar ice at 15 K
—  H,O ice with 0.5-5 % NH,, 5-10% CH,OH, 0.5-5% HCN
Amino acids were formed :
glycine, alanine, serine, etc.
These are racemic = not contamination
Munos Caro et al. (2002) obtained similar results.



Glycine Formation on Ice (2)

 Holtom et al. ApJ, 626, 940 (2005)

—  Reaction between CH;NH, and CO,
CH,NH, + CR > CH,NH, / CH,NH + H
CO, + H > HOCO
NH,CH, + HOCO - NH,CH,COOH
CH;NH + HOCO - CH;NHCOOH

—  Confirmed on 1ce (lab.) and by quantum chemical
calculations (gas phase !)

« Kim & Kiser, ApJ, 729:68 (2011)
observed CH;NH, on ice with NH,;/CH, (lab)



Possible Formation Paths

Holtom et al. (2005)

Kim & Kaiser (2011)
NH,CH,COOH

A

2H
(l9. H,0)

i, HOND
CH,NH, NH,CH,CN

Belloche et al. (2008)

Q Rich in interstellar molecular clouds




Past Survey of CH,NH/CH;NH,

: } ; (,‘ | ﬁ . C'HzNH survey toward
e e e high-mass SFR by
5 Dickens et al. (1997);
oo o | V1T very small number of

0.3

el '+ known sources.
Er L VN ) A

0.04

WM w\ 0

oot [loaslons | i * We have extended this
! J wr‘u'w." b 1
Bl oy - work through selecting

_O'O/]ELLA_JlllAAAli AAAAAAAAA 11;

Ty 10 T -100 -50 O 50 100 hOt, CompaCt and
freq. offset [MHz] freq. offset [MHz]
CH;OH sources.

-0.04
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Our New Observations

2013 April

Rx: TZ (H+V pol.s)
Tsys =120 ~ 200 K for
80~110 GHz

Objects: Orion KL,
W51 el/e2, NGC6334F,
G34.3+0.15, G31.4+0.3,
and others

Molecules: CH,NH,
CH;NH,, NH,CH,CN




TA*

CH,NH in Orion KL

404-33 @ 105794.057 MHz

HBCCCN J=12-11

l
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ANTENNA TEMPERATURE (K)

CH,NH,

* Detected by Kaifu et al.
(1974)

 Known only in Orion KL,
SgrB2, so far

" SGR B2
0.5 -

&
N S
- =
0.0 - 8
o
L O
by
| @
-0.5 1 I | | 1 1 1 | SN SRR (N SN S — -

0 20 40 60 80 100 120
RADIAL VELOCITY (kms™)




Toward Detection of Amino Acids
in Space



ALMA

Atacama Large Millimeter/submillimeter Arra

Int. Collaboration — Japan/N.A/Europe
30~950 GHz, max. resolution ~0.01 sec

© ALMA (ESO/NAOJ/NRAO)




log[n(i)/n]

Glycine May be Detectable by ALMA

T (K)
50 100 200 400

1 1 1 I 1 1 LI |
-../NH\ZO}-{_'

R NH2CH2000H-H

% CH,COOH

—

——

2x10°> 2.85x10°

From Figure 4 of Robin T. Garrod 2013 ApJ 765 60



Where Should We Search ?

» Star forming regions

* Proto-Planetary nebulae
* Comets

* Planets or satellites
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Origin of Homo-Chirality
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Homo-chirality D2 E~NDIRE
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BEEMARYAOFREEMRERI&D
TI/BAFDRE
CPL | Energy | Enantiomer ratio Enantiomeric excess Confidence
beam / eV D/ % L/ % (D- L)/ %* SD** level
none 51.32 | 48.68 2.64 (0) 0.34
RCPL{1.57 E10 | 51.54 | 48.46 3.08 |(+0.44) 0.30 > 95 %
LCPL [1.57 E10 | 50.99 | 49.01 1.98 (-0.66) 0.22 > 99.8 %

* Figures in branckets are corrected values based on the non-irradiated

sample.

** Standard deviations: Number of each set is 7.
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Kwon, J.M, et al, 2013 ApJ 765 L6
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13

3D Monte Carlo simulation

NGC 6334-V (Kwon et al. 2013, ApJL)

S Obsertios | e

western _ .

nebula @
. ‘. v

r

LN |
& N
&

" illuminating
source

A Monte Carlo light scattering 20:
simulation incorporating aligned
non-spherical particles is used to
calculate Stokes I, Q, U, and V of _
the resultant scattered and extinct &
light. 5

=y
o
LR

Model and '
. L data in good
Our model with magnetic field agreements

reprOduces :....I....l....l....
= CP as high as 20 % ) > ,1° , 15
Vector Distance (pixels)
12 = +/- pattern and large extent




Biomarkers
~ signatures for life ~
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Red edge of (extrasolar) plants as
a biomarker in extrasolar planets

- E¥IET000ALYEEFERA I
TRIEENZHICIET : _
. 5000ARTHEDEREICEBR | ol | mpimemin
IREYEH T - ETEELFE :éj |
. Th#Eextrasolar planetizd ¢
[+ Hbiomarker& L TEZ LY oz
M ? (extrasolar plant as a i
biomarker in extrasolar /‘N‘\ =R
planets) B
Wavelength (um)
Slide by Dr. Sutou Seager, Ford & Turner
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— http://logos.Is.toyaku.ac.jp/~astrobiology-
japan/
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Lifecycle of (Organic) Material:

Which species are included in new planetary systems?

.m =
- .,

Based on Ehrenfreund & Charnley (2000), ARAA
R.Ruiterkamp 2001
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