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Abstract. Thermalized rotational distributions of neutraland 1 Introduction

ionized N and @ have long been used to determine neutral

temperaturesT(,) during auroral conditions. In both bright o . )

E-region 150 km) auroras, and in higher-altitude auroras, Deétermining the temperature is one of the primary mea-
spectral distributions of molecular emissions employed toSurements undertaken in atmospheric remote sensing. Tro-
determineT;, in the E-region cannot likewise be used to ob- pospheric and stratospheric temperatures are key reflectors
tain T, in the F-region. Nevertheless, charge-exchange reff 0zone and greenhouse gas levels, both of which directly
actions between high-altitude> (30 km) species provide an influence global climate. Similarly, mesospheric tempera-
exception to this situation. In particular, the charge-exchangdures play an important role in the study of gravity waves,
reaction O (2D) + Ny(X) — Nj(AZHu, v =1) + 03P which are fundamental in understanding global atmospheric
yields thermalized §l Meinel (1,0) emissions, which, albeit dynamics.

weak, can be used to derive neutral temperatures at altitudes ' the troposphere, stratosphere, and mesosphere, ra-
of ~130km and higher. diosondes have been used extensively to directly measure

In this work, we present §l Meinel (1,0) rotational tem- ~ {€mperatures. In a study spanning several decatiegell
peratures and brightnesses obtained at Svalbard, Norwafind Korshove(1983 determined global temperature means

during various auroral conditions. We calcul@}eat thermo- "’"_t several altitudes in the range 1-20km. Temperatures at
spheric altitudes of 130-180 km from thermalized rotationalSiMilar altitudes have also been derived using mesosphere-
populations of i§ Meinel (1,0); these emissions are excited Stratosphere-troposphere (MST) radadatuura et al.1986

by soft electron €1 keV) impact and charge-exchange reac- R€vathy et al. 199 and atmospheric lidarsChanin and
tions. We model the contributions of the respective excita--auchecornel981 Keckhut et al. 200]).

tion mechanisms, and compare derived brightnesses to ob- '" the mesopause-87 km) and upper mesosphere, metal-
servations. The agreement between the two is good. Emidic ions and atoms deposited by meteors enable high-
sion heights obtained from optical data, modeling, and |SRresolution neutral temperature calculations. Once again, li-

data are consistent. Obtaining thermosphgsitrom charge- ~ dars (€.g.She et al. 1993 and meteor radars (e.gdock-
exchange excited NMeinel (1,0) emissions provides an ad- N9 and Hocking2002) play a key role. Spectroscopy of the

ditional means of remotely sensing the neutral atmosphere2H radical Kvifte, 1961 Sivjee and Hamweyl987) is an-

although certain limiting conditions are necessary. These in9ther longstanding method used to sense temperatures in the

clude precipitation of low-energy electrons, and a non-sunlitM&SOPauUSe. L
emitting layer. Above the mesopause, ionization by photons, electrons,

. N ~and protons gives rise to the ionosphere, and no single tem-
Keywords. Atmospheric composition and structure (Air- perature characterizes this region. Instead, the kinetic tem-
glow and aurora)_ — lonosphere (Auroral ionosphere; '”Stru'peratures of ions and electror® &ndTe, respectively), and
ments and techniques) the rotational temperatureliy) of the neutrals 1n) must
be obtained with multiple instrumentg;§; = 7, assuming
local thermodynamic equilibrium). Incoherent scatter radars
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routinely derivel; andTe profiles from 100 to 500 knielly,
1983, and several methods are employed to deterrfijria
the same altitude range.

At heights of~97 km, Fabry—Perot interferometetde-
nandez1976 infer T;, from the Doppler broadening of &%)
557.7 nm. This same technique applied td")(630.0 nm
provides neutral temperatures a240km (illeen et al,
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2 Instrumentation and experiment details

The Kjell Henriksen Observatory in Breinosa, Svalbard
(78.153 N, 16.04 E, invariant latitudeA =76° N) operates a
suite of optical and radio instruments that monitor the po-
lar cap mesosphere and thermosphere. This observatory is
uniquely situated to study the dayside and cusp aurora.

1995. The most established remote-sensing technique, how- Spectral signatures of auroral emissions above Svalbard

ever, for obtainingT, in the range 100-500 km, involves
spectrometry. Since the early 19303, has been obtained
from N, and I\Er rotational distributions, initially through
spectrophotometry ofgil 1st Negative band&/gard 1932,
and subsequently for F-region heights from the\iégard—

Kaplan bandsRetrie 1953. Neutral temperatures have also

been derived from the following ]Nbands: N 1st Negative
(IN) (0,1): (e.g.Vegard 1932 Romick et al, 1978 Koehler
et al, 1981, Vallance Jones et al198%; 1N (0,2): dokiaho
et al, 2008; 1N (1,2), (2,3) and Meinel (2,0)Henriksen
1984; 1N (0,3): Henriksen et a).1987); Meinel (0,0) and
(1,0): Espy et al. 1987 Sivjee et al, 1999.

This current work presents spectrometr@ Neinel (1,0)

were obtained using a 0.5-m focal lengtli/4.5 modi-
fied Czerny-Turner grating spectrometer in the winter of
2007. The instrument is fitted with a charge coupled de-
vice (CCD) camera to detect optical spectra in the near in-
frared (700.0 to 950.0nm), and is optimized for low-level
light detection through the use of large, highly reflective op-
tics. Light from a 12 circular field of view in the mag-
netic zenith enters the spectrometer via an order-sorting filter
and a curved, 45-mm arc length Fastie slit. An adjustable
slit width of 0.5mm provides an acceptable compromise
between throughput and spectral resolution. A 0.5-m focal
length spherical mirror collimates and reflects the incoming
rays onto a 110 mm 110 mm, 1200 grooves mm plane

rotational temperatures and brightnesses obtained from giffraction grating. Anf/1.4, 85-mm focal length compound
high-latitude station under various auroral conditions. Welens focuses the diffracted light onto the CCD detector. The

show how, in non-sunlit conditions, Charge-exchange reacdetector is thermoelectrically cooled; this, in Conjunction

tions Espy et al. 1987 Sivjee et al. 1999, together with
soft electron impact, both produce;N\/IeineI (1,0) emis-

with a liquid cooling unit, allows for low dark current and
high signal-to-noise (S/N) ratios, both of which facilitate the

sions at altitudes>130km. We infer neutral temperatures detection of weak emission features.

(Tn) from the thermalized rotational spectra of these emis-

When observing in first order, the spectrometer covers a

sions, and identify challenges and limitations associated witifree spectral range 0£240.0 nm, yielding imaged spectral
interpreting the spectra. In order to elucidate the contributionines with a nominal full width at half maximum (FWHM)
of each excitation mechanism, we invert multi-wavelength 0f 0.8-1.1nm. Typical integration times last 120s. An ab-
opticai measurements to retrieve the precipitating eiectrorﬁO'Ute spectral sensitivity calibration of the instrument was
spectrum, which is then input into a forward model of the performed according t8igernes et a(2007).

ionosphere, TRANSCARL{lensten and Blelly2002 Diloy

et al, 1996 Blelly et al,, 1996. We compare modeled emis-
sion brightnesses with observations, and estimate
Meinel (1,0) emission heights using several methods.

Observations presented here were timed to coincide with
the midwinter new-moon period in December 2007. The so-

e N lar depression angle was never less than 11 degrees, thus al-

lowing for uninterrupted measurements, including around lo-

Contrasted with the nighttime results are time seriesjpf N cal noon.
Meinel (1,0) rotational temperatures obtained under the cusp,
when electron impact, charge exchange, and resonant scat-
tering all excite the emission. We show that, in sunlit condi-3 The TRANSCAR model

tions, resonant scattering of the; Non leads to marked dif-
ferences betweefio; and Ty, precluding the calculation of
neutral temperatures fromjNrotational spectra. Time series

In Sect.5.3, TRANSCAR (ilensten and Blelly 2002 is
used to compare modeled and observed emission bright-

of select O and © emissions and geomagnetic indicators Nesses, and to estimate the contributions of competing ex-
provide contextual background and aid in the comparison ofitation processes to the overallNVieinel (1,0) intensity.

the two sets of results.
This work is laid out as follows: Sec® describes the in-

TRANSCAR is a 1-dimensional, time-dependent forward
model of the ionosphere, consisting of dynamically coupled

strumentation, consisting of an optical spectrometer, and profluid and kinetic modules that together solve for the spa-
vides experiment details. An overview of the TRANSCAR tiotemporal distributions of the density, drift velocity, tem-

model is provided in SecB. Next, Sect4 briefly introduces

the N; Meinel emission, listing the various excitation pro-

cesses pertinent to this work. Sect®presents the main re-
sults, and a discussion and summary conclude the paper.

Ann. Geophys., 31, 463471, 2013

perature, and heat flux far—, O*, N, H", N*, NOT,

and q As inputs, it accepts background ionospheric condi-
tions (plasma density, convection electric field, topside elec-
tron heat flux, among others), neutral densities and tempera-
tures from MSIS-90Kedin 1991, and select geomagnetic
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indices. For auroral modeling, it is possible to specify time- 2001 1
varying precipitating electron distributions. The kinetic mod-
ule Lummerzheim and Lilenste1994) solves the transport 1000
equations for suprathermal electrons. Rates for chemical re-
actions are compiled from published reports. A complete de-
scription of the model is available in, for exampléensten
and Blelly (2002; Diloy et al. (1996; Blelly et al. (1996;
Zettergren(2009.
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Two emissions from the gil ion are significant in aurora.
Transitions from the §I(B) state to the §/(X) ground state
form the extensively-studied 1st Negative (1N) band system
in the ultraviolet.Meinel (1950 first identified the emis-
sions associated with theJNA) — N7 (X) transitions; these  Fig. 1. A typical high-altitude auroral spectrum from Svalbard,
bands are prominent in the infrared, with the brightest beingl0 December 2007, 20:05 UTC. No auroral molecular features are
the (1,0), (0,0), and (2,0) bands at 918.2 nm, 1108.7 nm, an@resent, with the exception of weakiNVI(1,0) and @ Atm (1,1)
785.3 nm, respectivelyvéllance Jonesl974). bands at 920.0 nm and 768.0 nm, respectively; both emissions are
lonization of N» is accomplished by three primary means: Produced by charge exchange. Auroral lines from O ?‘ﬁdﬂ’ vis-
electron impact, and by photoionization and resonant scatteﬂple’ indicating peak electroq energy o_leposmo_n ataltitudes where O
ing under sunlit conditions. An additional means of selective’® abu.ndam' The spectrum is OtherW'se. dominated by meS(.)Sphe“C
N . . OH airglow bands. Strong contamination by outdoor lighting at
ionization is provided through charge-exchange reactions beézo_o nm has been subtracted.
tween O" and N> (Broadfoot 1967 Broadfoot and Stone
1999. Espy et al.(1987, on the basis of excess popula-
tions of Nj (A?I1,, v’ = 1) ions in comparison with’ = 0, 2 5 Data analysis and results
ions, have provided strong support that in aurora, the res-
onant charge exchange shown in Reactigd)(selectively 5.1 Optical spectra and synthetic fits
populates the’ =1 level. Originally proposed b¥mholt
(1957 as a source of @(AZHU), the mechanism has been During bright auroras, high-energy (several keV) particles
questioned by several parties (e\Mgllance Jones 974, but precipitate deep into the lower thermosphere and meso-
recent work has established its importan€sy et al.1987%, sphere, typically producing emissions from neutral and ion-
Sivjee et al, 1999 Broadfoot and Stond999 and included ized N, and Q. The rotational distributions from these
references). molecular emissions indicate E-region temperatures in the
lower thermosphere (a spectrum of a nighttime aurora peak-
O (®D) +N2(X) — NF (ATI,, v/ =1)+OCP)  (R1)  ingat~110km can be seen in Fig. 18ivjee etal.1999. In
contrast, dayside and cusp auroras peak higher in the thermo-
Thus, on the nightside, the lower E-regiod W1 (v'=1)  sphere, and are excited ksl keV electrons. Optical spectra
level is populated by hard electrons, while the same vibrafrom such aurora display prominent O and” @missions;
tional level at higher altitudes is populated both by soft elec-glectron-impacted molecular band emissions, if present, are
trons (S1keV), and the charge-exchange ReactRb) (Siv-  generally very weak, precluding their use in accurately deter-
jee et al, 1999. On the dayside and in the cusp, resonancemining neutral temperatures. Fortunately, charge-exchange
absorption of sunlight is another important sourBeogd-  processes like ReactioR{) produce thermalized rotational
foot, 1967). The following section presents observations of distributions of high-altitude 130 km) molecular species,
N3 M(1,0) emissions obtained from the latter three sourcesand given sufficiently bright emissions, enable calculation of
Determining rotational temperatures from charge-exchangeeutral temperatureSivjee et al, 1999.
excited emissions provides an additional means of remotely Figure 1 shows a NIR spectrum recorded at Svalbard on

sensing the upper E-region and F-region, but requires a nontg December 2007, which illustrates the following features
sunlit emitting layer and precipitation of low-energy elec- typical of high-altitude aurora:

trons. Under such conditions, ionization of the thermalized
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N2 molecule does not alter its rotational distributi&@h@m- 1. Mesospheric airglow OH bands dominate the spectrum.
berlain 1961); therefore, rotational spectra yield the neu- No molecular auroral emissions are discernible, with
tral temperature averaged over the altitude distribution of the  the exception of weak levels of charge-exchange pro-
emitting layer. duced l\g M(1,0) at 910.0-930.0 nm and the R-branch
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Several difficulties arise when fitting a synthetic spectrum
to the observed g M(1,0). Chiefly, the Meinel (1,0) emis-
sion produced by charge exchange is weak and rarely ex-
ceeds 1-2kR, unlike its lower E-region counterpart, which
can exceed 45kRSjvjee et al. 1999. The detection of
this weak emission is further compounded by the very low
guantum efficiency and high noise level exhibited by silicon-
based CCD chips atj\lM(l,O) wavelengths.

Secondly, the (1,0) band is contaminated by the P(7)—
P(11) rotational lines of the OH(7,3) banBendleton Jr.
et al. (1993 provided evidence that these highaumber
_ observed spectrum ] rotational levels of OH bands are non-thermalized, and do
Synthetic spectrum | not conform to a Boltzmann rotational-vibrational distribu-
| ‘ 8 tion. When merged with another spectral feature (in our case
s s e s the Meinel (1,0) emission), it is difficult to accurately de-
termine their contribution to the brightness of the merged
spectral feature. Unless thé{l‘émission is sufficiently bright
Fig. 2.Aleast-squares fit of the NM(1,0) band; the rotational tem-  (>1kR), the highJ number OH lines introduce uncertainties
perature of the synthetic spectrum is 614 K. Fitting of the observedin the fitting routine.
spectrum is complicated by weak levels of the emission arising from - Thjrdly, spectra of Meinel (1,0) emissions originating
charge .ext.:han.ge, contamination from overlapping non-thermaliz.eqﬂOse to the shadow height or in sunlit conditions display
OH emission lines, and by the presence o_f F_raunhofer absorpt'orévidence of Swings effect, which causes a distorted spec-
features at 916.0 nm and 922.0-925.0 nm (indicated by arrows). tral profile, owing to Fraunhofer absorption lines in the so-
lar spectrum $wings 1941, Jones and Hunted96Q Deehr

peak of the @ Atm (1,1) at 769.0 nm. The remainder of €t al, 1980. The effect is most pronounced at 916.0 nm and
the O Atm (1,1) band is contaminated by mesospheric in the range 922.0-925.0 nm, wavelengths corresponding to
OH(9,4). The @ Atm (0,1) band (857.0-874.0nm) is Strong Fraunhofer features. Additionally, scattering of sun-

primarily an airglow feature; nevertheless, a small auro-light by N, ions leads to anomalous rotational and vibra-
ral contribution is possible. tional distributions $ivjee 1983. Both these factors hinder

a more accurate least squares synthetic fit of the observed

2. The metastable ©732.0~733.0 nm emission is brighter spectrum, significantly raising the uncertainty in the fitted
than the airglow OH(8,3) rotational lines, and there is no temperature and brightness. A comprehensive error analysis
spectral evidence of the overlapping E-region®nd  taking into account resonant scattering and contamination by

emissions present in the same wavelength range. Theoth Fraunhofer features and non-thermalized OH emission
relative brightness of atomic to molecular emissions in- jines is beyond the scope of this work.
dicates precipitation of low-energy electrons.

0.8

o
o)

o
~

Normalized Brightness
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3. Prompt oxygen auroral lines at 777.4 and 844.6 nm are5'2 Rotational temperatures and emission altitudes

visible, which, coupled with the near-absence of molec-
ular auroral emissions, signify electron energy deposi-
tion at altitudes where O is abundant.

Figure 3 shows time series of NM temperatures, and ]

M and atomic oxygen brightnesses on 10 December 2007.
Lagged Interplanetary Magnetic Field (IMF) components
To determindTy, it is first necessary to fit the rotational spec- from the Advanced Composition Explorer (ACE) spacecraft
trum of the l\g M(1,0) emission. This is accomplished as and local magnetic field data from the International Monitor
follows: the observed spectrum, estimates of the rotationafor Auroral Geomagnetic Effects (IMAGE) network are also
temperature and brightness, the FWHM, and the wavelengtiplotted.

resolution are input to a nonlinear least-squares iterative rou- Nj M temperatures and brightnesses in Rg.are ob-
tine. Next, Hinl-London factors of the gil M(1,0) band, tained from fitting the emission spectra, as previously dis-
which determine the individual line brightness as a functioncussed. Additional analysis is required to determine the
of rotational temperature, are calculated using constants andrightness of the 777.4, 844.6, and 732.0 nm oxygen emis-
expressions detailed iovacs(1969. A synthetic spectrum  sions, none of which is fully resolved from neighboring OH
is then generated by convolving the spectral lines with anrotational lines. First, the rotational temperatisy of the
instrument function defined by the FWHM, wavelength res- OH(9,4), (6,2) and (8,3) bands (which overlap the 777.4,
olution, and spectral background. Finally, this procedure is844.6, and 732.0 nm lines, respectively) is calculated using
iterated to minimize the least-squares difference between thaydroxyl lines that are fully resolved from the oxygen emis-
observed and synthetic spectra, shown in Eig. sions. A knowledge of oy and the brightness of any number

Ann. Geophys., 31, 463471, 2013 www.ann-geophys.net/31/463/2013/
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Fig. 3. Time series of optical emission data, IMF, and local magnetic field components for 10 Decembe{a}i&@M(l,O) rotational tem-

peratures and brightnesses. The daytime temperatures exhibit enhancements caused by resonantly scattered sunlight. Background-subtrac
brightnesses for@ M(1,0) (a), and O and & emissiongb), all display pre- and post-local magnetic noon enhancements typically observed
under the cusp (local magnetic noon occurs at 08:58 UTC). The vertical lines highlight nighttime enhancements (19:36-21:00 UTC) repro-
duced in Fig5. These enhancements are a result of increasing geomagnetic activity, as evinced by disturbed IMF and local magnetic field
traces in paneléc) and(d).

of the resolved hydroxyl lines is used to calculate the bright-roral 1N emissions. The elevated temperatures are due to
ness of the contaminant OH rotational line, which is thenresonantly-scattered photons redistributing rotational states
subtracted from the total brightness of the merged oxygerin Nj ions.Jokiaho et al(2009 have observed that multiple

and OH spectral feature. scatterings can driv&s; to the solar spectral temperature;
The results in Fig3 are best discussed chronologically, clearly, under such conditiorBot # Tp.
focusing on two main periods, each with differen;L N A second period of bright Meinel emissions is highlighted

production methods: the cusp and dayside data from 08:0®y vertical lines in Fig.3a. Geomagnetic conditions were
to 18:00 UTC, and the nighttime data from 18:00 UTC on- becoming increasingly disturbed,, which was<7 for the
wards. Geomagnetic conditions remain relatively quiet dur-preceding 48 h, rose to 32 at 21:00 UTC. IMF components
ing the former, withap ranging from 5 to 7. Within several and local magnetometer data shown in panels (c) and (d)
hours of local magnetic noon (LMN, 08:58 UTC), Meinel ro- also point to enhanced geomagnetic activity. It is possible
tational temperatures (Fi@a) rise with decreasing shadow that the nighttime enhancements in panels (a) and (b) are a
height. Maximum values of~1500K exceed atmospheric sun-aligned arc, since they peak close to magnetic midnight
neutral temperatures, and are attained at low shadow heigh{20:58 UTC), and appear after a sustained period of north-
of 160 km. Rotational temperaturegd) in the range 1000— ward IMF (Ismail and Meng1982 Frank and Craveri988.
1500 K have been observed in sunl‘lzf NN (Jokiaho et al. N;“ M rotational temperatures from 20:00-20:48 UTC range
2008, while Deehr et al.(1980 used vibrational and ro- between 500-700K, with an average of 625 K. This agrees
tational temperatures as high as 2500K to fit midday au-well with the 550-800 K from nighttime g'\l 1IN emissions

www.ann-geophys.net/31/463/2013/ Ann. Geophys., 31, 483% 2013
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Fig. 4. (a) Energy-time spectrogram of the precipitating electron distribution, reconstructed by inverting the optical measuremergs in Fig.
Average electron energies range from 0.3-1.2 keV. The color intensities map the differential energy flux. There is a slight hardening of the
electron distribution and a concurrent increase in differential energy flux starting shortly before 20:00 UTC, and gradually subsiding by
21:00 UTC.(b) Total hemispherical energy flux calculated from the distributiotain

reported byJokiaho et al.(2008. Our temperature range 5.3 Model results
corresponds to an emission altitude of 135-180km on an
MSIS-90T;, profile for similar geomagnetic conditions. Con-

current incoherent scatter radar (ISR) electron density pro-© further elucidate the two _nighttim(.az*l\l_\/l(l,O).production
files display consistent but low levels of E-region ionization Methods, TRANSCAR-derived emission brightnesses are

peaking at 130—-140 km. With the shadow heigl&00 km compared to observed values. This comparison is achieved in
and rising, photoionization and resonant scattering would b&Wo Steps. First, as demonstratedsttergren et al(2007,
insignificant sources of Meinel (1,0) excitation. Thus, the 2008, a time-dependent incident electron spectrum is ob-
nighttime emissions are excited by soft electron impact and@ined by inverting O and Ooptical measurements at 844.6,
charge exchange, and yield thermalized rotational spectrd / /-4 and 732.0 nm-l\'M is not included in the inversion,
that allow the calculation of neutral temperatures. SufficientSince the electron-impact contribution to the emission is not
O*(2D), one of the reactants in ReactioR1), is indicated initially known. Figure4 shows the electron spectrum re-
by relatively high levels of the ©(2P) — O+ (2D) 732.0 nm trieved from the optical data. The precipitating electrons are
emission (Fig.3b). The presence of this emission, which relatiyely soft, with average primary energies of 0.3—1.2 keV.
is rapidly quenched in the lower E-region, and the lack ofS.tartmg shortly before 2_0:00 UTC, the number flux of the
molecular auroral emissions from direct excitation by elec-higher-energy electrons increases, with the total energy flux
trons (see Figl), both attest to precipitation of relatively soft N Fig. 4b peaking at 20:12 UTC. It should be noted that the
electrons and emission heightsp130 km. differential number flux ¢) has not been corrected for the

In summary, the dayside rotational temperatures ardield of view of the spectrometer. This, however, does not
elevated by resonantly-scattered sunlight, and are nonaffect the shape of the electron spectrum, which establishes
thermalized, yieldingiot > Tn. This is in contrast to the ther-  Mission altitudes. The total energy flux in Fig. therefore
malized nighttime emissions, produced by soft electron pre_estlmates the relative magnitude of the precipitating popula-

cipitation and charge exchange, which allow retrieval of ther-ton, but should not be interpreted quantitatively. o
mospheric neutral temperatures. Next, the TRANSCAR model is used to obtain emission

brightnesses expected from the incident electron spectrum
displayed in Fig4. Figure5 shows time series of observed

Ann. Geophys., 31, 463471, 2013 www.ann-geophys.net/31/463/2013/
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Fig. 5. Time series of observed brightnesses excerpted fromJFiglotted in comparison with modeled brightnesses. Péeshows
modeled I\I M emissions assuming only an electron-impact source (black line), and a combined electron-impact plus charge-exchange
source (red line). The vertical lines highlight times for which volume emission rates of the two sources are plottefl.in Fig.

and modeled brightnesses for thg IM(1,0), 844.6, 777.4, times highlighted in Fig5. The profiles show maximum ion-
and 732.0nm emissions, and panels (b)-(d) demonstratiation occurring in the altitude range 130-150 km, which
good agreement between the observed and modeled dats. expected for the-1 keV incident electron spectrum dis-
For the l\g M(1,0) emission in panel (a), however, a better played in Fig4 (Lummerzheim and Lilenstei994). Of the
agreement between the observed and modeled brightnesstgo mechanisms, charge exchange peaks several kilometers
is achieved upon including both electron-impact and chargehigher, due to the increase ofO)/rn(N2) with altitude.
exchange mechanisms in the modEkpy et al. (1987
demonstrated that charge exchange may selectively populate
the Nj M(1,0) excited state during soft electron precipita- g piscussion and conclusions
tion. They calculated the upper limit of the rapg/ pq, where
pi=indirect production from charge exchangey=direct  |n the absence of charge exchange, optical spectra obtained
production from electron impact, to be x%(0)/n(N2),  during soft particle precipitation display very weak molec-
n(O) andn(N2) being the number densities of atomic oxygen ylar band emissions, if any. Nevertheless, charge-exchange
and molecular nitrogen, respectively. For the observationgeactions contribute significantly to the brightness of Meinel
presented in Figh, we found thapi/pq = 0.8x n(0)/n(N2)  (1,0) and @ Atm (1,1) emissions, enabling the calculation of
provides the best match between the observed and modelegkutral temperatures from rotational spectra. There are lim-
data; applying the upper limit dEspy et al.(1987) signifi- jtations to this technique, perhaps the most significant being
cantly overestimates the observed brightness. that the weak charge-exchange emissions exhibit low signal-
Electron impact contributes, on average, 65 % to the obto-noise ratios, thereby restricting this application to periods
served Meinel (1,0) emission. This justifies the inclusion of enhanced brightness. Ideal conditions include a large flux
of charge exchange as an additional production mechanisrgf soft electrons, and for the Meinel (1,0), a dark emitting
to the total auroral production rate. The volume emissionjayer to prevent excitation by resonantly-scattered photons.
rates of the two production mechanismsand pq are plot- In this work, we have presentedNVeinel (1,0) rotational
ted in Fig.6, showing their relative proportion at the three temperatures obtained during varying auroral conditions.
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gates uncertainties in the fitting of rotational spectra, in the

calculation of the precipitating electron distribution, and ul-

timately in the modeled brightnesses. Since retrieving the
1 electron spectrum requires inverting optical brightnesses ob-

20:32 Charge exchonge tained at several wavelengths, a possible improvement would

| be a multi-instrument approach, with each optimized for a

particular emission.

1 In conclusion, in both lower E-region auroras and in

- higher-altitude auroragl, in the latter typically cannot be

> | obtained from auroral molecular spectra normally employed

] for temperature determination in the former. We have demon-

i strated an exception to this, and shown how charge exchange

. produces thermalized rotational populations at altitudes of

] ~130 km, from which it is possible to obtaif,. This tech-

0 1105 2x10°  3x10°  4x10°  5x10°  €x10° nigue represents an additional means of remotely sensing the

5 ! neutral atmosphere.

Emission rate [photons m™ sec™']

%% 20:12 Charg inge
—_ 20:32 Electron impact
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Fig. 6. Volume emission rates for two}\lM(l,O) production mech-

anisms, charge exchange and electron impact, at 20:06, 20:12, and

20:32 UTC, respectively. The emission profiles for charge exchang@glgzg\(l)vfdggnggi?:a V(;Z;kgvg\glgz Skjﬂp%’rtzed by grants ESF ";‘Tévl
peak several kilometers higher than their respective electron-impac an i} - M. D. zettergren acknowledges
profiles. the support of NSF grant AGS-1000302. IMAGE Magnetometer

data was obtained from Tromsg Geophysical Observatory, Univer-
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tory for their support, and acknowledge the ACE SWEPAM instru-
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tron impact, charge exchange, and resonant scattering all exlata. ) ) )
cite the emission, display rotational temperatures that exceed 1oPical Editor L. Blomberg thanks D. Lummerzheim and one
the asymptotic neutral temperature. The enhancemefitsin anonymous referee for their help in evaluating this paper.
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