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In situ Raman spectroscopy
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Studied
mixtures



H2O:CO
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<10-2 eV
sputtered species

30-60 keV ions
(noble gas)

Water ice on C-rich substrates

Refractory residue or
amorphous carbon grains

Thin water ice layer

T=12 K

Mennella, Palumbo, Baratta 2004, ApJ 615, 1073
Gomis and Strazzulla 2005, Icarus 177, 570
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CO2 band profile

in different mixtures
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Solid CO2 in the ISM

 Field stars (e.g. Whittet et al. 1998; Bergin et al. 2005; Knez et al. 2005)
 Low-mass YSOs (e.g. Boogert et al. 2004)
 High-mass YSOs (e.g. Gerakines et al. 1999)



Comparison with observations
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Comparison with observations
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Chemistry in CO ice
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Mid-IR spectrum of ozone (O3)
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O3 formed after CO irradiation

0.06

0.08

0.10

T = 16 K
2105 cm

-1

CO + 200 keV H
+

o
p

ti
c
a

l
d

e
p

th

2200 2100 1050 1000 950

0.00

0.02

0.04

0.06

1042 cm
-1

o
p

ti
c
a

l
d

e
p

th

wavenumber (cm
-1
)



O3

formation

CO

The 2105 cm-1 band
is not due to O3.



Detected bands

after ion irradiation of CO ice at 16 K



C3O2, C3O and C2O
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C3O and C2O
CO + 200 keV H+

T=16 K
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CO sublimation
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Carbon chain oxides in the ISM

gas phase C2O and C3O detected towards TMC-1

C2O/H2 = 6×10-11

C3O/H2 =1.4×10-10C3O/H2 =1.4×10

(e.g., Brown et al. 1985; Ohishi et al. 1991)



Carbon chain oxides in the ISM

gas phase C3O searched and NOT detected towards
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(e.g., Matthews et al. 1984; Brown et al. 1985)



C3O in carbon star IRC +10216

Tenenbaum et al. 2006, ApJ 649, L17

IRC +10216 is a low-mass asymptotic giant branch star

C O column density = 1.2x1012 cm-2C3O column density = 1.2x1012 cm-2

an order of magnitude higher than predicted



Noto radiotelescope

about 100 km south from Catania
32-m parabolic antenna
active surface



Sources observed

All selected sources show the solid CO band at 4.67 m



Elias 18

Trigilio, Palumbo, Siringo,
Leto, 2007, ApSS in press

Observations
at Noto

TMC-1

Leto, 2007, ApSS in press



Origin of IS C2O and C3O

 Gas phase reactions

 Ion irradiation of CO-rich icy mantles

In IS clouds: CO/H2 = 9.5×10-5 (Frerking et al. 1982)

C2O/CO = 6.3×10-7

C3O/CO =1.5×10-6 In laboratoryC3O/CO =1.5×10 In laboratory
maximum values
C2O/CO = 3×10-3

C3O/CO = 2×10-3Assuming:

High depletion

(1 MeV) = 1 cm-2 s-1 (Mennella et al. 2003)

C2O and C3O can be formed after 102-103 years



In summary…

Energetic processing of icy grain mantles causes:

formation of other molecules
modification of the morphology/porosity (e.g. Palumbo 2006)
modification of sublimation properties

Observational evidences:

IR observations of ices
search for gas phase molecules
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