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Abstract. Measurements of MNP auroral emissions from 1 Introduction
the (4,1) and (5,2) bands have been made at high temporal
and spatial resolution in the region of the magnetic zenith.Molecular nitrogen is the major constituent in the atmosphere
The instrument used was the auroral imager ASK, situatedup to 200 km altitude. Hence cross sections for electron col-
at Ramfjordmoen, Norway (69.6 N, 19.2 E) on 22 October lisions with nitrogen are of particular importance in explain-
2006. Measurements from the European Incoherent Scatteéng the natural phenomenon of the aurora, as well as other
Radar (EISCAT) have been combined with the optical mea-phenomena such as airglow and lightning. Thefikst posi-
surements, and incorporated into an ionospheric model to obtive band from its triplet system is one of the strongest nitro-
tain height profiles of electron density and emission rates ofgen emissions in the auroral spectrum with band intensity of
the Nb1P bands. The radar data provide essential verificatiorabout 900 kR (Gattinger and Vallance-Jones, 1974). Bands
that the energy flux used in the model is correct. One of theof the first positive system of molecular nitrogen are pro-
most important inputs to the model is the cross section for ex-duced by transitions from the vibrational states of tﬁeﬂ@
citation to the Bl electronic state, as well as the cross sec-electronic state to the vibrational states of th&s4 elec-
tions to higher states from which cascading into the B stateronic state. Cross sections are measured by two fundamen-
occurs. The balance equations for production and loss of théally different methods: either by observing the energy de-
populations of all levels in each state are solved in order tograded electrons that result from the collision, or by observ-
find the cascade contributions. Several sets of cross sectionigg the photons resulting from the collision. The first method
have been considered, and selected cross sections have beerasures the excitation cross section, the second the emis-
used to construct “emission” cross sections for the observedion cross section, from which an excitation cross section is
bands. The resulting brightnesses are compared with thosestimated. There are many publications on determining the
measured by ASK. The importance of specific contributionselectron impact cross sections of the idolecule, both from
from cascading is found, with more than 50% of the total laboratory measurements and using theoretical approaches.
brightness resulting from cascading. The cross sections usddeviews have been published by several authors (see for ex-
are found to produce a range of brightnesses well within theample Majeed and Strickland, 1997; Brunger and Buckman,
uncertainty of both the modelled and measured values. 2002; and Itikawa, 2005).

Experimental methods of deriving cross sections rely on

Keywords. Atmospheric composition and structure (lon accurate measurements of the vibrational population rates
chemistry of the atmosphere) — lonosphere (Auroral iono-Which largely depend on optical transition probabilities of

sphere) — Space plasma physics (lonization processes) the entire band system. A method commonly used is to pass
an electron beam of a given energy through the molecular

gas and measure the absolute intensity of the radiation. Stan-
ton and St. John (1969) measured optical cross sections for
all the N, 1P bands, and determined the apparent excitation

cross section of the B state, demonstrating the importance of

Correspondence tdvl. Ashrafi the cascade contribution from the C to B state. Shemansky
m (m.ashrafi@soton.ac.uk) and Broadfoot (1971) determined the NP excitation cross

Published by Copernicus Publications on behalf of the European Geosciences Union.




2546 M. Ashrafi et al.: Modelling of BILP emission rates

section by measuring one or two bands of the system relalowing this work, Itikawa (2005) compiled cross section data
tive to the l\glN(0,0) band. The total apparent cross sectionfor electron collisions with nitrogen molecules based on 104
was calculated using estimated population rates. Their resulteferences dating to 2003. For most of the lower states, the-
was a factor of two larger than that of Stanton and St. Johroretical cross sections derived by R-matrix calculations were
(1969). For the alternative method, using scattering of elecused to obtain the detailed structure near the threshold. A
trons, Cartwright et al. (1977a,b) used electron energy lossveighted average of the experimental cross section was used
measurements to obtain excitation cross sectionsalét-  for deducing cross sections for higher energies. Tables of
tronic states by numerical integration of the differential crossrecommended values are provided of cross sections for elec-
sections over a range of angles 5-13Bimilar experimental tron impact excitation to all electronic states of.NThese
measurements were made by Brunger and Teubner (1990have been used as one of the inputs in the present work.
whose result for excitation to the B state is up to three orders The brightness of specific optical emissions in the aurora
of magnitude higher than that of Cartwright et al. (1977a). depends on the density of the atmospheric constituents and
The large discrepancies between results makes the choice ¢tie spectrum of the precipitating electrons as well as the
cross sections used in modelling the NP brightness a crit-  scattering and emission cross sections of various species.
ical but difficult matter. In this paper we compare measured emission from the N

Excitation cross sections of JN states have also first positive band system made with a new auroral imager
been obtained theoretically by application of quantum-ASK (Auroral Structure and Kinetics) with model results us-
mechanical approximations, such as the Ochtur-Rudge aping selected cross sections. A combination of optical and
proach (Cartwright, 1970) and Born-Ochtur-Rudge usingradar data has been used to produce the input to the model.
Gaussian type atomic orbitals as wave functions (Chung and he output is the time history of the brightness of two bands
Lin, 1972). Gillan et al. (1996) calculated the integral cross of the molecular nitrogen emission during auroral precipita-
sections for nitrogen using the R-matrix method which istion events. By comparing the model results with measured
most reliable for low-energy excitations. Tashiro and Mo- brightnesses, we assess various cross sections for excitation
rokuma (2007) repeated the R-matrix theory for deriving theof the N> molecule, and highlight the importance of estimat-
low energy electron impact excitation, the results of which ing accurately the contribution to the emissions from cascad-
are in good agreement with Cartwright et al. (1977a). ing into the B state.

The role of cascade contributions to the triplet nitrogen
system has been the subject of many further publications.
Cartwright et al. (1971) investigated the cascade contribu2 Instrumentation
tions to the vibrational population of theoNirst positive
system by applying a mixed set of experimental and theoretThe ASK instrument has three co-aligned imagers (ASK1,
ical data for electron impact excitation cross sections. Thes@ASK2 and ASK3), each equipped with an EMCCD detec-
authors indicated the importance of intersystem cascade prdor with 512x 512 pixel chip. Image rates of 32 frames
cesses (B:W) and (B=A) following the work of Wu and  per second are achievable. Each imager is fitted with a re-
Benesch (1968) and Gilmore (1969). Their results were chalimovable Galilean converter, which provides a 150 mm, /1.0
lenged by Shemansky and Broadfoot (1973) mainly with re-lens. With the converters in position, the field of view of
spect to the significance of specific cascade contributionseach camera is°%3° which is equivalent to &% 5km at
Using the best available electron impact cross sections at th#00 km height. Narrow band filters are selected for each op-
time, Cartwright (1978) developed a set of complete vibra-tical system. In the present work the ASK1 filter had a cen-
tional populations of the Nband system taking into account tral wavelength of 673.0 nm, with width containing the vi-
intersystem cascading and vibrationally dependent quenchbrational band emissions from transitions (4,1) and (5,2) of
ing. Morrill and Benesch (1996) also studied the tkplet  the N, 1P from the BI1, state to the AX state. The ASK2
state vibrational population, taking into account additional filter is designed to measure emission from the oxygen ion at
collisional processes, in particular the intersystem collisional732.0 nm, caused by the’@?P-?D) transition. The ASK3
transfer of excitation (ICT) between the B state and the A, Wfilter measured 777.4 nm from atomic oxygen. Only ASK1
and B states, resulting from collisions with ground state N  data are used in this paper, binned ir 2 pixels.
Their improved result of the B state population is in good Height profiles of electron density in the ionosphere are
agreement with that of Cartwright (1978), except at very low obtained with the EISCAT radar situated near Tromsg, Nor-
heights (~80-90 km). Their result indicated population en- way (69.6 N, 19.2 E). The present observations were made
hancement of higher vibrational levels due to the effects ofwith the UHF antenna, pointed along the local magnetic field
ICT and metastable states, which would produce auroral redine. The radar programme “arc1” was used, which provides
lower borders at these heights. 0.44 s time resolution with range resolution of about 900 m

There have been attempts to determine the best values dfetween 96 km and 422 km. The electron density height pro-
the N excitation cross section by using all available experi- files are used to estimate the time varying energy spectra used
mental and theoretical data (e.g. Brunger et al., 2003). Folas input for the modelling.
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Fig. 1. Top: Electron density profiles in the E region measured with the EISCAT UHF radar. Bottom: Time series of slices through the ASK1
images in the N-S meridian.

3 Modelling merzheim (1987) and is referred to as Set 1 from now on. A
similar cross section set provided by R. Link (private com-

The auroral model used in this work is time-dependent andnunication) is_referred to as Set 2. For the transport_and en-
solves the electron transport equation (Lummerzheim an$'9Y degradation calculations, Set 1 was used. As discussed

Lilensten, 1994) at timesteps chosen to match the auroral of? Lummerzheim and Lilensten (1994), changing a single ex-
servations and conditions, usually at sub-second resolutioitation €ross section has a very small effect on the transport

for active aurora. It uses a one-dimensional height grid rang-caICUIat'on’ which is dominated by the large energy losses

ing from 85 km to 500 km. The grid step size increases with@nd large cross section for ionisation. However, this is not the

the atmospheric scale height. The model requires a neutrdi2Se for the calculation of emission rates resulting from the
atmosphere as input, for which the MSIS90 thermosphericpredpitating input spectra. Careful selection of individual
model (Hedin, 1991) was used for appropriate conditions orCross sections for the relevant excited states is required. The
the date of the observations. Resulting height profiles of au_variatiop in mo_de.I results l_JSing diffe.rent cross sections for
roral ionisation, excitation and electron heating rates are use§aculating emission rates is the subject of this work. Three
as input to the ion chemistry part of the model, which solvesSets of excitation cross sections are used in the modelling of
the coupled continuity equations for all important positive OPtical emissions: Set 1 and 2 as referred to above, and a
ions and minor neutral species, and the electron and ion erg€t oPtained from the review by ltikawa (2005) referred to as
ergy equations. The final output of the model is a time serie ets. . . . ,

of height profiles of emission rates, densities and tempera- The other main input IS a set of time varying energy
tures. These can be integrated in height to give a time serieSP€ctra, which can be specified by the electron energy flux,

of changes to these parameters in the magnetic zenith dire@1d @ spectral shape, which is defined by peak values of
tion. Maxwellian and Gaussian distributions, either separately or

combined (Lanchester et al., 1997). The incident electron

One Of the main inputs tp the electron _transport moqel a‘respectra were determined by an iterative inversion of the den-
electron impact cross sections of the major atmospheric neUgj,, hrofiles from EISCAT combined with measured auroral

tral constituents. Excitation cross sections and the energy,jshinesses. This detailed process is the subject of another
losses of each individual excited state are required to calcu: aper which uses modelling to study the small scale auro-
late the energy degradation at each step of the electron tran?él changes in all three ASK cameras during the same events
port. The cross sections used here are combined into SetSescribed here (Lanchester et al., 2009)

The first cross section set is taken from the work of Lum-
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Fig. 2. Sequence of images from ASK1 camera showing filamen-
tation in active aurora in nitrogen emission. The circles mark the
radar field of view. The lines mark the north-south meridian slice
used in Fig. 1.
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of the radar field of view and the meridian slice (width corre-

110} 110 sponding to 20 m at 100 km height) are superimposed on the
images. In the following, the ASK1 brightness in the radar
100} 100 field of view (as drawn) is referred to dgys
The radar height profiles of electron density are used as a
oo o= . : starting point to provide input energy spectra for the model,
10% 10" 10% 10" 10" 10" giving an estimate of both the total energy flux and the shape
electron density (m ™) electron density (m™) of the energy spectrum at each time step. The resulting out-

. ) . o put ion densities are summed to give height profiles of elec-
Fl_g. 3. Modelled electron de_nsnty p_roflles_ (solid line) compared g density, and these are compared with the radar measure-
with smoothed electron density profiles (circles) measured by thements of E-region electron density for the entire interval. An
EISCAT UHF radar. . - . . . .

iterative process is used to improve the fit, and hence confirm

the input values for the energy spectrum. The values of flux
4 Analysis: measured and modelled emissions are particularly important in this respect. Figure 3 shows two

examples of electron density profiles in the E-region, mea-
The data used for this analysis were obtained on 26 Octosured and modelled. The first example is at the time of the
ber 2006 in a two-minute interval between 18:10:15 UT andmaximum intensity at 18:10:49 UT with a clear peak fitted
18:12:15 UT. An overview of the events is shown in Fig. 1. at about 103km. The second example, 20s later, is when
The top panel is EISCAT electron density height profiles in the aurora was changing in nature from dynamic narrow fil-
the E region, showing that precipitation increased to a max-aments to less discrete flickering patches. The peak density
imum intensity and penetrated to heights of 100 km at abouhas reduced and the height of the peak has risen to 108 km.
18:10:50 UT. After this time the density reduced and the peakin both examples the model fit is excellent, as is the case for
density increased in height. A further burst of precipitation the entire run. As a result, the input flux is considered to be
followed at 18:12:10 UT. The second panel of Fig. 1 is a timean accurate estimate, giving weight to the model results for
series of meridian (magnetic north-south) slices of 1 binnedthe N> 1P emissions.

pixel width across the3field of view of the ASK1 images. The ASK1 filter, centred on 673.0 nm, contains the vibra-
The position of the radar field of view (0.half-width) is  tional band emissions from transitions (4,1) and (5,2) of N
marked on the ordinate. 1P. In order to estimate the fraction of the emissions from

This way of displaying the data gives a summary of events;the two bands which pass through the filter, synthetic spec-
it can be seen that within the time of increased emissiongra are produced following the method adapted from Jokiaho
there is much structure, both temporal and spatial. Figure 2 i€t al. (2008) as shown in Fig. 4. The dark blue, red, and light
a series of sample ASK1 images of the auroral filamentatiorblue lines are from the P, R and Q branches respectively, with
at the time of maximum intensity. The images are separatedhe (5,1) band on the left. These lines have been convolved
by 0.1 s, showing the fast variations occurring. The positionwith an instrument function of 0.5 nm to give the thin black
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Fig. 5. Comparison between values of electron impact cross sec-F lg. 6. Constructed emission cross sections for M (4,1) and

tions of Np B3I state for three cross section sets. ;Sr{s)sbeatnsd)s’ including all cascades from B, A, C, & states (Set 2

lines. The shape of the filter transmission is shown superim- The cascade contributions are calculated by solving the
posed on the two bands as the dashed line. A transmissioBalance equation for steady state

factor (T') is then obtained by convolving these two curves

and integrating. Although the two bands appear almostidenM; ;jn; =S; 1)

tical here, their relative intensity depends on the vibrational ) ) o o
temperature of the Nground state, Franck-Condon factors WhereM;,; is the matrix of coefficients containing all pro-
and Einstein coefficients, including direct excitation and cas-duction and losses in radiative transitions, #heare the pop-
cading. The population distribution of the ground state of Ulations of all the vibrational levels in all states and Sje

N, changes very little below a vibrational temperature of are the direct electron impact excitation terms for aI_I levels
1000 K. The value off is also affected by the rotational of all states. The latter are the product of the excitation rate
temperature through the shape of each band. The transmifo" €ach electronic stat@siaie and the Franck-Condon fac-
tance of the (4,1) band convolved with the filter curve doestor for the part/|cular level in each state. The emission rate
not vary significantly with temperature. However, modelling P&tween level” of the B state and” of the A state is given
shows that the theoretical intensity of the (5,2) band trans- y

mitted through the filter varies from 0.74 at 300K to 0.63 _ ,

at 1000K. Agsuming a rotational temperature of 300K, thenv/fv// = Wene + Wans + Wamp + Wwnw +Wana - (2)
filter transmission factor for the two bands is estimated towhere the factor$vc, Wg, Wy, Wy and W4 for each state

be 0.76, decreasing to 0.69 at 1000 K. The former value hasre obtained from the steady state population of the emission
been assumed as being more appropriate for the relativelparent level by multiplying by the Einstein coefficient for the
high energy aurora under study. transition.

In order to compare the measured brightnégs with In order to estimate the emissions from the (4,1) and (5,2)
model results, the calculated, mission rate is integrated bands, effective emission cross sections can be constructed.
in height to give a surface brightness in Rayleighsq. The  These are given as
analysis requires a choice of cross sections for excitation to
the relevant states. Excitation cross sections to the B stat§4-1 = Wc4 Doc+Wi(4, Do g+ Wp (4, Do p
from Set 1, Set 2 and Set 3 are plotted in Fig. 5. Using these +Ww (4, Dow +Wa(4,1)0 4 (3)
excitation cross sections, the resultifag,q would contain no
contribution from cascading to the B state from other highergs_»> = W¢(5,2)0 ¢ + W (5,2)0 g + Wg (5,2)0 5
states_. This cgscade.coptrlbutlon can .be quanuﬂed py con- Wi (5,2)0 w +Wa(5,2)0 4 (4)
structing effective excitation cross sections, using excitation
cross sections for the A,’BC and W states. All contribu- whereo ¢ is the excitation cross section of the transition
tions to cascading into B from all higher states are taken intoof the X state (O level) to all levels of the C statep is
account, including reverse transitions from high levels of thethe excitation cross section of the transition of the X state
A state, and transitions out of high levels of B to A, &d (O level) to all levels of the B state and so on. Values of
W, and back again to lower B levels. We, Wg, Wy, Wy and W4 for the two specified bands are
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Table 1. Values ofW¢, Wy, W, Wy and W, for emission cross St. John (1969) rather than that of Shemansky and Broadfoot

section of §p 1P (4,1) and (5,2) bands. (1971).
4,1 5,2 . .
b .2 5 Discussion
We  0.0127  0.0107
Wp 0.0313 0.0351 To calculate the B 1P emissions from excitation of the B
Wp 00312 0.0411 state it is necessary to take into account (a) direct excitation

Ww  0.0292 0.0359

(b) cascading from higher energy states and (c) de-excitation
W4 0.0104 0.0105

by mechanisms other than photon emission (quenching). To
calculate brightnesses, the emission is integrated along the
line of sight, and therefore a correction for extinction (the
sum of scattering and absorption) is required. In some cases
given in Table 1. Values of Franck-Condon factors and tran-it may also be necessary to consider scattering into the line of
sition probabilities are taken from Gilmore et al. (1992).  sight from sources outside the field of view (Gattinger et al.,
The combined cross sections for the (4,1) and (5,2) band4991). In the present case, quenching and scattering into the
using Set 2 and Set 3 are plotted in Fig. 6. After insertingline of sight can be neglected, but extinction is included. Also
these cross sections into the model and applying the filteexcluded is the intersystem collisional transfer of excitation
transmission factor' =0.76, the resultindmoq is then an es-  between the B state and other states (A, W af)deB® studied
timate of surface brightness from the two bands measured by Morrill and Benesch (1996). Such collisional processes
the ASK instrument. Figure 7 is a summary of the resultswould be relevant for higher energy aurora (with lower bor-
for Imog Using the two cross sections of Fig. 6. Set 1 crossders below 90 km) than is analysed in this event. The present
section is not shown in Fig. 6 nor are the model results usingevent was chosen to have a lower border above 100km, in
Set 1 shown in Fig. 7. The values are all lower than those fororder to make the fitting of electron density profiles more ac-
Set 3 by about 25% . The dark solid line is the ASK1 mea-curate.
sured brightnessohs. The modelled brightness from Set 3 In this work, excitation cross sections for all higher en-
(red) makes a very good fit, and that from Set 2 (blue) isergy states known to have a significant cascade contribution
about 20% greater. We note that using only the B state folhave been incorporated. It is possible that there are other
excitation would lead to an underestimate of the brightnessascade contributions which should be included. McConkey
by more than a factor of two. and Simpson (1969) mention possible contributions from
A more direct approach for modelling theoNP band  C' (Goldstein-Kaplan) and D (fourth positive), and Ohmori
emission rates might be to use measured emission cross seetal. (1988) discuss cascading from the E state. In the present
tions, so that all cascades are included. The only such crossork we make the assumption that these cascade contribu-
section curves available to the authors are those of Stantotions are of minor importance compared with those that we
and St. John (1969) and Shemansky and Broadfoot (1971have included in the model. One important result of the
The latter measurements are of the (3,1) band and not thpresent work is that we are able to determine the relative im-
(4,1) or (5,2) bands. Therefore a direct comparison cannoportance of the included cascades by solving Eq. (1) for the
be made. Since Shemansky and Broadfoot (1971) comparpopulations of each level of each state. In the case of the
and discuss their cross section for the (3,1) band with that of4,1) and (5,2) bands that we measure, the contribution from
Stanton and St. John (1969), we can apply both these crogadiative transfer between upper B levels and other nearby
sections (see Fig. 2 of Shemansky and Broadfoot, 1971) tdevels was found to be negligible. The largest contributions
the model and obtain the emissions from this band. Weto cascading are from the C and ®ates.
have then constructed a cross section for this emission as There are very clear differences between the cross section
described above using cross sections from Set 3. The resets that have been used in this work. Set 1 was formed
sulting (3,1) band emissions from the constructed cross semn the basis of work by Stamnes and Rees (1983), and
tion are lower than those from the cross sections of Stantonwas later updated and used by Lummerzheim and Lilen-
and St. John (1969) by about 20% and considerably loweisten (1994) to compare the modelled ratio of NPG to I\£F
than the emissions from the cross sections of Shemanskgmissions with auroral observations. In particular they re-
and Broadfoot (1971). As a further comparison we haveduced the excitation cross section for (C3IT) to agree with
taken the measured brightnesses tabulated by Vallance-Jon#sat of Cartwright et al. (1977a). Set 2 values are based on
(1974) in Table 4.12, and estimated a scaling factor for thecross sections provided by R. Link (private communication),
(3,1) band from the measured ASK emissions of the (4,1)which he renormalised from the review compilation of Traj-
and (5,2) bands. This rough method shows that the emissiomar et al. (1983). The cross sections of Set 3 have some com-
brightness obtained in this way agrees more closely with themon roots, as explained in Itikawa (2005). The cross sections
brightness obtained using the cross section of Stanton anfiom that paper are adopted from the conclusions of Brunger
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Fig. 7. Comparison between ASK1 (673.0 nm) measured intensity (black) and modell&® Mmission using cross sections from Set 2
(blue) and Set 3 (red).

et al. (2003) who determined the best values based on the rd&runger et al. (2003) estimated an uncertainty of ur8%%

sults of Trajmar et al. (1983), Campbell et al. (2001), Ohmorifor excitation of the B31'IQJ and W3A, states,+40% for

et al. (1988) and the theoretical work of Gillan et al. (1996). B’ 3Zu‘ and=+30% for C3I1,,. Uncertainties arising from the

All the source data for this set of cross sections can be retransport model have been discussed in Lummerzheim and
viewed in Brunger and Buckman (2002). Other sourcesLilensten (1994) and estimated to be of the order of 15-20%.
of cross sections have been considered, e.g. Johnson et dlhese uncertainties are increased if the atmospheric densi-
(2005) which are taken from measurements of Khakoo et alties are not well known. In the present work, the radar data
(2005). The values published are on a coarser energy gridgrovide a check that the model produces consistent results.
allowing errors from interpolation. The cross sections and re-The agreement between the modelled and measured electron
sulting emissions are lower than those used to produce Set 8lensity height profiles as shown in Fig. 3 demonstrates that

A direct comparison with emission cross sections of Stan-€ values of energy flux and peak energy used in the model

ton and St. John (1969) and Shemansky and Broadfooft'® VETY good estir_ngtes for E-rggio_n heights. Therefore we
(1971) has not been possible using optical emissions, sincgonsider the over-riding uncertainty in the quel is frqm the
their published data are for the (3,1) band. However we hav&0SS sections. In these data the radar profiles confirm that
attempted a rough comparison of the model results for thest€ ionisation is aimost all in the E region, and the result of
cross sections with constructed cross sections for this banBrecipitation with peak energies between 4-11keV.

using Set 3. As expected, the cross section of Shemansky and A Possible systematic error in measurements from the

Broadfoot (1971) gives much larger values than that of Stan ASK1 camera can be estimated from the contribution to the

ton and St. John (1969), which agree better with the emisPackground in the wavelength range of the filter. In this
ase it is relatively free of significant emissions which could

sions from the constructed cross section. The factor of twd® ) X >
difference between the emission cross sections of Shemansi§Pntaminate the results. The main contribution comes from
and Broadfoot (1971) and Stanton and St. John (1969) is disPands of the i Meinel and §f" IN. Referring to Fig. 4.5
cussed by Shemansky and Broadfoot (1971). They suggestle Vallance-Jones (1974), the contribution frorj Weinel

that discrepancies between the cross sections published Hy.3) and (8,4) and other emissions including ON (2,4),
various authors could be the result of several factors, includ{1,3), and (0,2) is at most 10-15% in the wavelength range
ing the relatively minor effect of experimental calibration of Of the filter transmission. The ASK data are calibrated us-
instruments, the comparatively long lifetime of some vibra- ing star fluxes. Measured intensities of stars are compared
tional levels, and the contribution to the population from N with theoretical tabulated values (lvchenko et al., 2008). The
1P low pressure afterglow. However, although only a roughuncertainty arising from this process has not been quantified

comparison, the present results would appear to support thér the present work. Considering all of the above sources
earlier measurements. of uncertainty, the model results of Fig. 7 show that for the

. _ ross section sets used, the variations are well within the ex-
The cross sections that have been applied in the mode? ) -
perimental limits.

have uncertainties associated with them. For example,
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2552 M. Ashrafi et al.: Modelling of BILP emission rates

It is necessary to consider how the field of view of ASK dence that the cross sections for excitation and emission are
is filled during each time step, since there will be differencesvalid.
when comparing modelled and measured brightnesses if the
field of view is not uniformly filled. In these observations, AcknowledgementsThe ASK instrument was funded by the
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2009) using cross section Set 3 for modelling N° emis-
sion.
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