Solar System Aeronomy by Electron Impact with Application to UV Observations by
Satellites

Joseph Ajello

Dr. Ajello will give an invited presentation at the Chemistry summer school at the
University of San Carlos, Brazil. This talk will discuss the UV observations of the solar
system by NASA spacecraft: Galileo, Voyager and HST. High resolution imaging UV
spectrometers with array detectors can now measure global properties of the upper
atmospheres of the planets. The energetics of solar UV deposition or magnetosphere
particle precipitation can only be modeled with accurate cross sections of the major
species of the upper atmosphere: N,, Hy, O,, CO, CO,, O and H. The JPL Ultraviolet
Emission Laboratory provides the emission cross sections that allow aeronomers to
estimate planetary composition and energy flux into the upper atmosphere.
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3M HIGH RESOLUTION STUDY OF Ho:
APPLICATION OUTER PLANETS
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EXPERIMENTAL H (1s - 2p) CROSS SECTIONS
FORe+H Q& Lo

0.8 -——— DATA J
U B e MODEL
g osf ]
]
&
oy
Lg) 04} i
]
[
>
g 02t qu A
‘2 A
0 o 4—\&? 1 v -’JfL i
Ly L B La
-0.2 . A 2 1 —
700 800 900 1000 1100 1200 1300
Wavelength (A)
1.0 T 3Ty v R M DML MM NRN JNN B BN IS 4 1 LIS MR SR ALINR BN I BN BN | v ¥ T
09} [w] -1
:_ H" resonance | -
0.8 ((40 meVFWHM) - 15%
07} wi¥l -
0.6 .
3 B -
s 0.5 ‘
§ .
S 0.4 [—
E
03f rorBar
02r .
= H -
0.1 . Q.@_Ewcs’%h(x) /
28-2p Cs (Bom) = 0.899
0.0 - Mult-state { Cg (Lab) = -0.292 .
L Coupling | C,=4.447
N L L RN IS | s i btk bt 1 { 1
10’ 10° 10°
E (eV)
Present work v Long et al.: reanalyzed by

_ van Wyngaarten and Walters (1986)
O Williams (1981)
4 Long et al.. present reanalysis

—— Wiliams (1976) e Analytic Fit (James et al., 1997)




Q1s2p (a.u.)
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HIGH RESOLUTION STUDY OF LYMAN &
WERNER EXCITATION CROSS SECTIONS
NORMALIZATION BORN REGION
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UVI GLOBAL IMAGE AT Ol (1304, 1356 A) & N5 (LBH)
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STATUS OF N, (a 1ng) CROSS SECTIONS

EXCITATION CROSS SECTIONS FOR N, (a 1ng)
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ENERGY (103 cm-1)
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Arbitrary Intensity

LBH SPECTRUM THROUGH UVI FILTER
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COMPARISON OF LOW-LYING SINGLET
STATE EXCITATION CROSS SECTIONS
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a 1Hg GAIN AND LOSS MECHANISMS

Fluorescence

. 1 G = 1+
DOMINANT LOSS: N, (a 1MTg) — 55— N, (X 12%)
SECONDARY CIET

GAIN & LOSS: N2 (@ 1T, wlay) + M —e——== N, (a 1TI) + M

\ Cascade
N, (a Z,wls) ——— N, (a 1Hg)

(Eastes & Dentamaro, 1996)



Arbitrary Intensity

LBH SPECTRUM THROUGH UVI FILTER
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JPL ELECTRON LOSS SPECTRUM OF N,
IN OPTICALLY FORBIDDEN REGION (7 - 10 eV)
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OI (1304 A) EMISSION CROSS SECTION
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RELATIVE INTENSITY (arb units)

No VUV SPECTRUM AT 100 eV
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HIGH RESOLUTION ROTATIONAL LINE
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HIGHLIGHTS OF VUV e-IMPACT PROGRAM

® REVISED BENCHMARK LYMAN-o UV CALIBRATION STANDARD

o (100 eV)
ce+Ho——»H(@2p)+H+e

* o(2p) =7.3x 10°*® cm2= DECREASE UV o 15 YEARS 38% ¥:

* CHANGED Q ACCURACIES 100% —»20%

® DEVELOP e-IMPACT UV CALIBRATION SOURCE (40-300 nm)
— GALILEO UVS, EUV, POLAR UVI, CASSINI

® HIGHEST RESOLUTION SINGLE SCATTERING UV EMISSION SPECTROSCOPY
e ATOMS (H, O, ...)
* OVER 40 PAPERS FOR THE FOLLOWING SPECIES:

* Ho e CaHp AND CHjp
* He * NO
* Ar ® NII
* 02 e CO
®* No * SOy
* H,O * CO,y
* Ne e H
SYNERGISM

* LAB <« = S/C OBSERVATIONS




