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As'rr'ophsical ices

Orion’Nebula 4 -
The grains are covered with an icy

mantle formed from simple
molecules (Hzo, CO, COZ, Nzo, CH4, eTC).

pp'" Energetic processes induced by:
* photons,
electrons (high and low-energy),
ions (cosmic rays, solar wind).

" - NASA website

. .I&ASA website
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Irradiation induces chemical
modification and desorption of
species from the ice.




Asfr'ophysncal ices: energetic pr'ocesses - s‘ra‘l'e of 1'he ar'f

Projectiles:

» photons H,0:CH,0H:NH,:C0:CO,
(e.g. new molecules, destruction/formation cross sections, photodesorption )

Muinoz Caro et a/., Nature 416 (2002) 403

~1-20 eV

» electrons (low and high energy range)
(e.g. same as Photons)

Lafosse et al., PCCP 8 (2006) 5564

e jons ° oo"
(mainly H, He, C, O ions in ~50 keV and ~2 MeV energy range) N

(e.g. new molecules, destruction/formation cross sections, sputtering)

o
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In this work H* and He* at 1.5 MeV...

Strazzulla & Baratta, Europhysics
Letter 18 (1992) 517
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Experimen

Irradiation/analysis
-—| chamber

Substrate
Kbr window

Temperature
T=10K

Pressure in irradiation chamber
~ 2 x 108 mbar (~10 K)

Samples (ices- N,O)
- in situ gas deposition
- thickness ~ 0.1 - 2 um (10*%-101” molecules/cm?)
- ion penetration depth > ice thickness

lon beam
- 1.5 MeV H* and He*
- flux ~10%ion/cm? s
- fluence up to 2.0 x 10*3 ions/cm?
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INFRARED

SALT " DETECTOR

WINDOWS

INFRARED SOURCE

H* or He*

CRYOSTAT BEAM

™. VACUUM
PUMP

http://www.astrochem.org/sci_img/chamberschematic.jpg



Absorption (cm™) Vibration  Isotopomers FA-value
11K 80K “Fulvio  Ploppolo ‘L apiski This worl
FTIR spectrum of N,Oice w: wv: s o oo
2 1165.5 1165.5 1166 1167 - 21, MNUNIO f 0.32
1297.8  1297.8 - - - Vi HNINTeO 2.7
1293.5 12935 1295 1290 1291.2 V1 HNIENTeO 10.7¢
21875 - - - 2185.7 v3 UNBNTO [ 0.26
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-11 2 _ I , 14714716 -
2 = 2y + v N"N"™0 0.08
c,=1.07x10" cm : 1903 oo NN e
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Fluence (10" ions cm?)

1 Abs(v) — total band absorbance
Wavenumbers (cm ) -
A — integrated absorbance



Absorbance

0.8

0.6 |

0.4
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Species  Position  Vibration  A-value Ref.
(cm™")
Observed Daughter Species e —
NO, 7524 Vo - [4]
1613.4 V3 6.36% /6.24  [2)/]5]
N,O, 1740.5 Vs 2.72 (2]
1765.8 Vs 15 [2]
1866.0 Vi - [2]
N,Oy 784.7 V4 6.0 [4,6]
1305.9 V1/v3 4.63 [2]
1653.2 Vo 6.24 [2]
N,Oy 12594 Vi 8.5 [2]
1305.9 V3 5.60 [2]
1627.5 Vo 5.95 [2]
B N O 1719.5 v7/Vs - [5]
2 1861.3 vy +vs/v, - 5]
N205 7524 Vi1 - [6]
N,O, N,O, 12432 vy - 4]
N O 1305.9 Vo 0.7 [2]
22 1740.5 Vi 2.75 [2]
T~ O3 1039.7 V3 1.40 [2]F
_ \ [1]Zheng et al. (2008), [2]Jamieson et al. (2005),[3]Hudson & Moore
TN (2002), [4]Manion et al., [S]Fulvio et al. (2009), [6]loppolo et al.
i P s (2014). T Not seen at 80 K. *Value used in the current work.
i e St et et

1750 1700 1650 1600 1550 1500 1450 1400 1350 1300 1250

Wavenumbers (cm™)
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Daughter Species 1.5 MeV H* — N,0

| - L, , " -
’E‘? lL, | L 8] . X"’
- ) - . 3 ;‘ . [
= (SR W

g 100 I v I v I v I v I I J,:
S NO2
/2] . v D D—D @ b
% 10 @ N oot NO
S - & & 3
() e N.O. ;
5 ® A 2 3]
P 2
S o K N202 1
e 1 V. s -
o @ - 0 M3 ]
<~ @ W [] - N O ]
~ 2747
> "g' = T
[z 01 8 T . N O
CICJ 'i u > 275 3
© g@!
c i!z,.
e}
= 001 i -
S L] :
| ' | ' | ' | | ;
0 2 4 6 8 10 12

Fluence (10" ions cm™)



Daughter Specues 1.5 MeV He — NZO
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Column density (10 molecules/cmz)

1E-3 -

-_—
l

©
RN
|

0.01 4

Ao te et te—s e s
2 2 2
o o0 Q
<
I I
0.02 0.03
Fluence (10" ions cm™)




Column density (10" molecules/cm?)
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Column density (10" molecules/cm?)
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- H,0 -~ 1004
. ° % A - - N; is the column density of molecular species i;

o; and o4 formation and destruction cross sections;

N,O
v
Approximate Equations ...
Precursor molecule Daughter molecule
dN, dN
— — K
dE _O-f,lkzk:Nk o4.N; iF =0 Ny —oy (N,



Destruction and formation cross-sections (10-14 cm?) of N,O with H*
Molecules

Formation cross-section Destruction cross-
10 K at 1.5 MeV

section

N,O - + 0.
Precursor { ‘ (21£0.5)
— NO, (1.1 £0.2) (1.3+0.2)
N,O, (0.09 + 0.01) (3.1 £ 0.6)
NO (0.54 £ 0.08) (1.0£0.5)

>=2.08

Daughters — N,O, (0.25 + 0.02) (5.4x0.7)
N,O, (0.03 £ 0.01) (3.8 £0.8)
N,Ox (0.02 £ 0.01) (3.3 £0.8)
Q) (0.05 £ 0.02) (4.8 £0.4)

de Barros et al., in press



The dissociation cross- sec'ﬂons due to 4 prOJecflles at
different energies are determined, assuming validity of
the o4 ~ S,%/3 power law.

. L | ! ! L ! ! L !
10_: N,O _ 213 "0xe™" ]
- Gd =4a Se 90 MeV .

o, ( x10 '13cm2)

L ' ' L ' ' L
10 100 1000

S, (eV.10™ / atoms/cm’)
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Summary

U Our experiments demonstrate that 1.5 MeV ion irradiation of nitrous oxide with H* leads to
production of molecules NO,, N,O,, NO, N,O3, N,O,, N,O: and Og;

O The most abundant daughter species are NO, and NO;

L Same results where observed for the He* beam irradiation;

U The formation and destruction cross sections of both ion beams where determined:;

Q For the N,O matrix, the dependence of the destruction cross section on the stopping power is
found to follow a power law, i.e., 64 o< S.", where n ~ 2/3.
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