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In situ Raman spectroscopy
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ION IRRADIATION EXPERIMENTS
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Chemistry in CO ice
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Chemistry in CO ice
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Studied
mixtures

Ices Energy lon  Thickness  Stopping
Power
(keV) A) (V/A)
CO 200 H* 2200 6.177
CO 200 H* 9900 6.440
CO:N, 1:1 200 H* 20000 8.812
CO:N; 8:1 200 H* 20000 8.644
CO:N- 1:8 200 H* 20000 8.941
H,0:BCO 10:1 200 H* 1600 9.500
H,0:2CO 10:1 30 He™* 900 8.842
H-O:CO:N- 1:3:3 30 He* 3000 7.381
N,:CH4:CO 1:1:1 30 He* 3000 8.190
CO:NH; 2:1 30 He* 3000 7.925
CH,0OH 30 He* 1100 10477
CH;OH:N, 1:1 200 H* 2500 2.446
H,O:CH, 4:1 30 He™ 900 9.902
H-O:CH, 1:1 30 He* 3000 0078
H-O:CHy:N,  1:1:1 30 He* 3000 8.328




| | | ! | | |

5 o e

(7p)]

@ n u

o 10° -

(¢)]

S

£ Q

>

B

(e

(¢)]

©

(e

E H,0:C0=10:1 +30 keV He"

Q u O 12K

gl © B 40K >

O i
| L | L | L | L | L | |
0.0 5.0x10" 1.0x10™ 1.5x10" 2.0x10% 2.5x10%

fluence (ions cm™)



CO, (10" molecules cm™)
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Optical Depth [a.u]

CH-OH

Palumbo et al. 1999, ARA 342, 551
Baratta et al. 2002, A&A 384, 343
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Water ice on C-rich substrates

30-60 keV ions
(noble gas)

® <102eV
Sputtered species

Thin water ice layer

Refractory residue or
amor phouscarbon grains

T=12K

Mennella, Palumbo, Baratta 2004, ApJ 615, 1073
Gomis and Strazzulla 2005, Icarus 177,570



H,O on amorphous carbon at 12 K
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Formation of CO and CO,
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optical depth

CO, band profile

In different mixtures
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Comparison with observations
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Comparison with observations
W33A (high-mass YSO)
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Chemistry in CO ice
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Formation of carbon chain oxides
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Band at 2105 cm™! assigned to O; by Trottier and Brooks (2004)

Mid-IR spectrum of ozone (O,)
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O, formed after CO irradiation
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C;0, C;0 and C,0
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CO + 200 keV H*
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Sublimation

CO + 1.5x10™ 200 keV H" cm™
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CO sublimation
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C;0 Iin carbon star IRC

Tenenbaum et al. 2006, ApJ 64
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Table 1: Observation log and rms measured

CCO CCO Cs0
vy=22258.181 MHz 1=45826.706 GHz 1=38486.801 GHz
']N=21'10 ']N =32—21 J=4-3
Source int. time ms int. time ms int. time ms
(min) (Jy) (min) (Jy) (min) (Jy)
M ' TMC-1 300 0.06 140 0.2 380 0.08*
o TMC-1A 160 0.2
Elias 18 180 0.08 140 0.2 200 0.1*

L1551 300 0.06 150 0.2 300 0.1
L1491 300 0.08 140 0.2 240 0.2

Elias 29 90 0.2 90 0.4 200 0.2
Elias 32 90 0.2 90 0.4 160 0.2
WL5 90 0.2 80 0.5 160 0.2

CK1 120 0.1 120 0.2 0.1

SViS4-4 200 0. 1 0.3 ) 0.2

6, s
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Origin of IS C,0 anc

2rking et al. 1982)

~ Inlaboratory
~ maximum values
C,0/CO = 3x103

C,O/CO = 2x103

| \/(_I)(lll.I\/IeV) =1 cm2 st (Mennella et al. 2003)

l

C,0 and C,0 can be formed after 10%-103 years
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In summary...

observatio

v'search for gas phase molecules
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