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I. A Report On

Studies of the Alrglow, the Aurcra, the Ion and Neutral Compositicn,-

and the Chemistry of the Terrestrial Atmosphere

A familiar proverb reminds us that "A picture is worth a thousand

words!" PFigure 1 succintly demonstrates this point for it shows the

first gltitude preofile of atomic oxygen and N2 in the mescsphere

obtalned by an optical mass spectrometer [OMS]. This instrument was

launched on 1l August 1973 at 11:45 pm MST into the atmosphere above

White Sards, N. M. on board Nike~Apache rocket 14.512 UA. This

experiment was cne of five conducted succzezsfully this year by the

University of Pittshburgh asronomy group:

(13

(4)

Javelin rocket (8.61 UA), 17 July 1973, high altitude
(200 — 740 km) OMS and OT 1130&3 afrglow experiment,
Wallops Island, Va.

Nike-Apache rocket (14.512 UA4), 14 August 1973, low
altitude (90 - 115 km) OMS experiment, White Sands,

N. M,

Black Brant V vehicle (AMD-VB-35), Jarmuary 1974, double~

o
mode mass spectrometer - 1304A rescnance fluorescence/

" absorption experdment, and nitrie oxide surcral studies,

Fort Churchill, Mariitoba.

Nike-fpache rocket (14.526 UA), 21 February 1974, double-
mode mass spectrometer-and mltipie photometer for
aurcral composition and excitation studies, Fort

Churchill, Maritcba.
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(5) Nike-Apache rocket (14.528 UA), 2 March 1974, double-
mede mass spectrometer and multiple photometer for
auroral compozition and. excitation, Fort Churchill,

Manitoba.

1. Composition Measurements

The optical mass spectrometer is a new and undgue instrument. The
MS combines a laboratory-quality, focused electron gun and.a 1/8 -
meter UV monochromator (Figure 3) which analyses the gas excited by
the electron bsam. .As the monochromator scans the 21200, 1215, and
13043 rescnance lines by N, H, and O respectively, the energy of' the.
eilectron beam is switched from lud5\éﬁrt0 75 eV every 20'msec‘t0
exploit the difference between direct and dissocigtive execitation. In
the low energy mode the MS measures the density of the atomic sgpecies
without interference from the relsted, parent molecular gases. 'The
O29 N2’ and H2 concentrations are then measured separately in the high
erniergy mode. The instrument does not reguire active punping of the
gampled gas and uses an open.end, electron-gun-design with a very large
corductarnce.

This instrument has been further improved to increaszse its
serigitivity so that atamic N, 0, or H concentrstions as little as
10% atoms/cm® can now be detected at mesospheric altitudes. The
modified OMS will be flown as part of Project Alladin firom Wailops
Island, Va. during the week of 17 June 1974. This complex series of

cketfborne experdments will provide us with the opportunity to

cross-compare .a variety of fechniques for measuring atomic oxygen at
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megospheric altitudes and above, and hopefully resolve several vexing
problems concerning this highly reactive species. However, only the
OMS has the necessary sensitivity and discrimination to measure the
N and H conecentrations in the D and E regions.
Project Alladin is a natural extension of our joint efforts with
scientists from York University (G. Shephard and R. A. Yeung) to
compare atomic. oxygen concentrations inferred from conventional
quadrupcle mass spectrometer data with the results of a resonance
abgorption/fluorescence experiment on board the same rocket. This study
wag carried out successfully this winter at Fort Churchill cn board a
Black Brant V rocket (AMD-VB-3%) launched during Janusry (1574). These
experiments will be conbinued in the fall with the launch of an
additional Black Brant V payload weighing nesrly 600 lbs. {AMD-VB~34},
The composition data of Figure 1 agrees well with the results
ootained by Von Zahn ard his collaborators using 2 1iquid helium cooled
mazs spectrometer. The OMS data is In relatively poor agreement with the
atamic oxygen profiles inferred from QGO VI A5577 airglow studiess; The
Ol green problem is c¢learly still very muck with us both in the alrglow
and In the aurora! Figure 2 compares our CM3 data with & recent Jacchia

model {197i). Both the magritude and altitude profile for N., are in

2
good agreement with the model values; however, the 0 data are rnot. In
order to facililitate a compariscn between The OMS results and the Jaecchia
model, we have reduced the magnitude of the 0 conceritration in the

model and in Figure 2 by about a factor of 2. The agreament is acceptable
near 120 km bubt the cbhserved 0 density near 100 km i1s stiil considerably

sraller snd the 0 conceribration gradisnt noticeably less than that



predicted by the model atmosphere. Pubure OMS experdments will help
bring these apparent discrepancies into sharper foecus, and perhaps
explain thelr origin.

The launch date for the inttial test of the OMS instrument at
mesospﬁeric altitudes was chosen to coincide with the seasonal minimum
rredicted on the basis of the OG0 VI airglow experiment. Projeet
Alladin will give us an additional opperturiity to see whether other

OGC VI predictions are borne out under quite georhysical circumstances.

2. Auroral Studies

Four rocket experdiments involving complex payloads were carried
out at the Churehill Research Range during January and February 197L.
The first vehicle, z Black Brant V, was prepared in collaboration with
York University and was lsunched into a IBC IT aurcra during January.
The University of Pittsburgh contributed aldouble-mode mass spectraneter
in crder (1) to continue our studies of nitric oxide enhariced aurcra
and (2} to compare atomic oxygen concentrations measured by this
irstrument with similar results obtained using Al30ﬂ3 TESOTEIICES
absorption/flucrescence techrnigues. Both ingtruments performed fiaw-
lessly throughout the flight and a detailed analysis of the resuits
is currently urderway. A followup experiment has been planﬂed and
will be flown from Fort Churchill on board Black Brant V vehicle
AMD-VB-34. |

This year was notable in several respects. It began, for example,
with the first successfuli OMS experiment. It moved on to the successful

execution of a two—-paylcoad, three-rocket mission to the auwroral zone.



And it concludes with active ﬁarticipation in Project Alladin. The.
auroral mission deserves speciél comment . In previcus reports ard
proposals we had lamented the fact that progress in auroral physics
was being impeded by the cne experiment per year philoscphy, and that
Aa more effective approach would be (1) to corngtruct two different,
but complementary, payloads, (2) %take them both to Churchill and
launch them into suttable aurora, (3) recover both payloads, (U4) repair
them in the field and then (5) refly the paylcad that promised the
greatest potential dividends based on an "in situ" review of -what was
learned on the first twe flights. This new approach is actually more
economicsl ovar the long run snd makes good sclentific senze. A
migsion of this kind was approved tor the February 1974 aurcral
campaiemn. |
in spite of the severe conditions that prevall at Ohurchill

‘during the winter months we were able to fefhrbish and recalibrate
completely a recovered payload (14.526 UAJ in two days amply
“demenstrating the feasibiliity of this modés coperandl when the
operation iz in the hands of an experienced group of . scientific,
vehicle and telemetry persormel. The breakup of Nike-Avache rocket
14,527 U4, =lthough very unfbrtunates‘&oes rnot in any way diminish
this faatieal adeompLishment . ‘Each vehicle was In. fact launched into
a major aurcoral substorm characterized by auwrcral forms 50 KR or

more in internsity, and the mission was executed precisely as planned,
The ultimate fate of 14.527 UA, however, was not what we had hoped
for, andrits disintegration was particularly painful because it

carried ocur new extreme ultraviclet [EUV] experiment. No data was
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obtained.

The impact of this development was felt acutely because at the
same‘tiﬁe.we had been making cutstanding progress at measuring the
gbsolute cross sections for excelting auroral EUV fegbture in our
complementary laboratory program. Figures 4 and.5 of this report
show scme tTypical EUV spectra in the 9003 arnd 10103 region produced
by electron impact excitaticn of NEQ The 1sboratory spectrumn is
complex snd the BEUV features are.quite bright; the same is likely
to be. true in a well-developed aurcral storm. Although we were
disappointed by the untimely demise of 14.527 UA, the data of Figures
b and 5 show that the experiment was and still is a very good one!
We are plamning to return to Chuorrchill this winter in a continuing
quest Tor this elusive prize: Che measurement of thé iﬂtensity
and zltitude distribution of surcral EUV radiation in the spectral
range BOOE'to 13003;

The 1978 aurcral expediticn was an cutstanding success overall
because two rockets were launched usccessfully into aurcras that
were ideal for the continuance of ocur studies of nitric 5xide
enhancements at northern latitudes. Nike—Apa@helﬁayload 14,526 UA
was launched into an intense magnstospheric storm in.which the O
green line (AB577A) reached an intensity of neariy 100 kR and the-
H component of the esrth's magnetic field exhibited a negative bay
in excesg of 600 gammas. Enhanced NO concertrations (~ 2 x 10% NO/em®)
were encountered. The buildup was similar in magnitude to earlier
nitric oxide results obtained in a comparable TBC II+ aurora (see

Figure €). Characteristically perturbed ion profiles (large NO+/02+'

10
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ratios) were also observed. Flight 14.528 UA was launched into an
aurora approximately ags bright, but not as active magnetically, and
with g shorter integration time. In this case comparatively little NO
was observed. These flights further delineate a2 trerd that we had
noted earlier; namely, the magnitude of the NO enhancement is in
proportion to the total energy deposited in the region through
which the rocket passes. And, if we distinguish between the energy
deposited by precipitating electrons versus the energy dissipated in
the icnosphere by the aurcvral electrojet via Joule heating and other
related electric field phenomena, these lights clealy show that the
energy associated with the electrojet and with the perturbation of the
garth's magnetic field is by far the mest important factor.

Figure 7 presents some preliminary data showing this general trend.
It is clear that the NO buildup is directly propertional to [ AHZ - Aty
this quantity is @ measure of the total energy deposited by Joule
heating. The 1974 winter campaign to Churchill has provided datarthat
will allow us to separate guantitatively ths two components leading
to NO enhancemerits. Faually important, our resuits stress the importance
of having.adequaie.magnetographic coverage. This point has been made
privately to the Alr Force Cambridge research group responsible for
their surcoral studies (Project Icecap]. Even they are convinced now
that large NO enhancements do in fact occur {an advance over their
attitude one year ago). But like ourselves, they are not sure how
this remsrkable production feat is accomplished so efficiently.

Our 1aboratory program has, however, suggested a partial

explanation of this phenomena. Our findings are summarized in the

12



1

following abstract of a paper that we presented at the Washington
meeting of the AGU {(Spring 1974).

Comment on the Production of N(?D) Atoms By Photo-

absorption Processes and by FElectron-lmpact Excitation of

Ng. ILaboratory studieé on the production of extreme
ultraviolet radiation by electron-impact excitation of N2
show that N(?D) atoms are produced very efficiently by the
predissociation of N2 Rydberg and valence sftates with 1Hu
symmetry. This dissociation process involves a nonradiative
transition to the C! 3Hu continmm: e + N, - N2(1Hﬁ) + e
followed by My(\M) > Ny(€' 1) » N(%D) + N(*S). Under
aurcral conditions these predissociating 1Hu states are
populated by electron-impact at a rate comparable to the

Né+ ilonization rate. Thus, the total N(2D) population

rate from dissociative excitation, from dissociative
recombinaticn of NO+ ions, and from ion molecule reactions
could be as much as 50 ~ 100 times the A3914 volume emission
rate. This excitation rate would suffice to account for

the large N(2D) concentrations observed recently by Ruseh and
Sharp in an TBC I+ aurcra, and for the production of
unusually large nitric oxide densities in some auroral forms
as a result of the [N(°D) + 0,1 quenching resction. Under
daytime conditions these same Nz(lnu) states are populated
by absorption of solar photons and the N{(2D) production

rate from this process is shown to be conparable to that
from photoelectron inpact. and from the dissociation

13
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recombination of NO+ ions.

Once again in this work we have a very good example of the remarkable
effectiveness of complementary laboratory and rocket-borne programs.
These developments have prompted us to formulate an ambitious set
of plans for our return to the auroral zone this winter. The measure-
ment of auroral EUV fluxes and the assessment of -the role of these
photons in a variety of photoionization and photodissoeciation processes
(e.g., the excitation of 0(18) atoms and the green line) is a2 major goal.
Further work on the excitation and ultimate fate of N(ZD) atoms in
the aurora, on the role of joule heating, and on the possibility that
plasma instabilities (anomalcus resistivity) may be involved are also
high on cur 1list of major projects. Qur nitric oxide studies-ﬁill be
expanded further to include an investigation of the so—called auroral
mystery feature which is observed cccasionally at AEIBOE. This band
has been cbserved by rocket-borne and satillite (0GO-IV) spectrometer,
but rict in EVEry &Urora. It 18 commonly believed that this emission
feature is actuaily the (1,0) gamma band of NO excited by the
degctivation of metastable Né(Aaz +) molecules,

[

3e t . N 2
Ng(A Zy )+ NO »  NO(A%g) + N2
(1}

NO(A22) ~+ NO + hv (A2150)

The critical experiment, in which the three principal actors in the

+ =}
drama [NE(A3Eu ), NO, and the intensity of the 21504 feature] are

16



measured simultaneously and Reaction (1) verified, has yet to be
performed. If this reaction sequence could be verdified, then the
0GO IV spectrometer data could be used to study the morphology of
nitric oxide aurora. This development would lead to a much clearer
picture of the scope of the whole NO phencmena as well as give a new
meaning and significance to urmsed OGO data. Thus the 1975 aurcral

campaign has Impressive pobtential.

3. New and Bizarre Developments of Aeronomic Importance

Cne of the charms and ultimate frustrations of aeronomy is the
regularity with which “established" theories become causualties of
new experimental advances. In the jargon of the yéung, this is an
endeavor that requires "staying loose". Figure 8 illustrates this

point.

Figure 8 shows the vacuum ultraviolet spectrum of a recombining
plasma in which vibrationally excited 002+ ions pfedﬁminate; this is
the first measurement of its kind., Our results indicate strong

excitation of the CO fourth positive system (Alm -+ ¥X!1) Que to the

dissociative recombination process:

co.t

. te = co(Aln) + 0 (2

It is important to note that only the v' = 0 and 1 levels of the Aln
state can be pepulated if the recombining 002+ ions are in thermal
equilibrium at 300°K. It is quite clear from the data shown in

Figure 8 and from other spectra that we have obtained, that Alm

17
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vibrational levels up to at least v’ = 5 are in fact being populated.
Complementary electron heating experiments have shown conclusively
‘that process (2) is exeiting a1l of these levels (Gubcheck and’

Ziof, 1973).

The implications of the results are quite clear:. co;' laboratory
plasmas, which had previcusly been thought to be equilibrated at 300°K,
are in fact vibrationally very hot. This finding raises serdous
ouestions about previcus total recombination-coelTicient measurements

invelving the importsnt atmospheric ions O +, NO+

; and N +° Were these
plasmas, glso vibrationally hot? Can these lahcrztory results be used now
in the analysis of ioncspheric data without reservation? Does, in fact,
the nomingl factor of 2 - 3 agreement échieved by aercnomisgts when they
model daytime ion composition dava, really tell us that ocur cwn
ionoaphere, as well as that of Verme has a substantial population of
vibrationally excited ions?

Our prélimina:r.‘*y data contain ancther striking result. Fipure 8
shows a very interise spectral feature near lliUOE which does not appear
conspicucusly in electron impact excitation of CO er {302 (Murmma and”
Zipf, 1972; bhuwma et al., 1973). This 1s the f:"mst laboratary
observaticn of the so-called "mystery" spectral feature at 1111003
that appears so strikingly in the Venus alrgicw spectra obtained by
Rottman and Moos (JGR 78, 8033, 1973). We have been able to show (Unger
and Zipf, 1574) that the 111003 feature is produced by the dissociztive
recombination of vibrati@n&illy excited COQ+ ions. However, atb this
time we do not know what specific quantum transition is irwolwved.

Our experiment provides virtually conclusive evidence for the

19



pPresence of substantial concentrations of vibrationally excited 002+
lons in the Venus icrwsphere. The Mars data in the same wavelength
region shows a camplete gbsence of this VUV feature tmplying =
relatively cool icrosghere (and co;" plasma) [Moos, 19741, It ds
not clear at this point why the Venus atmesphere is capable of
sustaining a vibrationally hot ionosphere while Mars does not or

can not.

What about our cwn icrosphere? Could it be that some of the
so=called ancmalies in the ion chemistry of the surora and of other
dizturbed atmcsphere phenomeria are really consequences of vibrationailj

exeited fons? Laboratory results of the caliber of those shown in
Figure § stir the gecphyasical pot in a profound manner. They remind

us that in spite of cur best efforts, some popular icnospheric thecries,
Like the smile of the Cheshire Cabt, will ultimately fade awsy. Our
oversginplified models of a planetary ioncaphere are in need of an
overhaul , a major geal of cur research program.

The data for Figure 8 was cbtained in a plasma spectroscopy
experiment carried oub recently by cur group. These resulits have
airesdy influenced our plans for Churchiil rext winter., In effect
gariy access to this kind of knowledge gives our rocket program a
slgrdficant competitive edge - we know where the future acticn is going
to be thanks to the symbictic relationship that exists between both
efforts and we are awsre of the techniques needed to study these
probiems using rocket-borne instrumentation. It is to the eredit of
the National Asrcnautics and Space Admirdstration that the effectivensss
of the approach was recognized and the effort nurtured.

20
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