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1.0 INTRODUCTION

The long range purpose of our project is to develop general capability
to predict upper atmospheric optical nuclear effects near 4.3 um for exoatmo-
spheric detonations. Enhanced k.3 pm and other infrared upper atmospheric
emissions are expected to result from the enhanced energy deposit in the upper
atmosphere which results from an exospheric detonation., Obvious mechanisms by
which these detonations deposit energy into the upper atmosphere include x-rays,
debris, P radiation, and nuclear induced current systems and shock waves. At
high latitudes there occur natural mechanisms for energy deposit in the upper
atmosphere which are remarkably similar to the nuclear mechanisms, Amongst
these natural mechanisms are included energy deposit by particle precipitation
and also Joule heating associated with the large westward flowing current
systems which exist in the high latitude ionosphere in the midnight to 6 o'clock
local time zone. The visible auroras observed at high latitudes result from

particle precipitation.

A purpose of the DNA/AFGL auroral measurements program is to measure
simultaneously the upper atmospheric energy deposit by these natural mechanisms
and the resultant enhancements in upper atmospheric infrared emissions. It is
our job to provide a theory which uses the energy deposit measurements as input
in order to predict enhanced upper atmospheric infrared emissions near 4.3 um
as output. These predictions then may be compared against the infrared measure-
ments in order to judge the accuracy of the theory in predicting nuclear
enhanced emissions as the result of nuclear energy deposit in the upper

atmosphere,

Details of the spatial, spectral and temporal dependence of the nuclear
enhanced infrared are all of prime importance for the effective design and/or
performance evaluation of military optical systems which are supposed to be
able to function in the presence of a nuclear enhanced background. Therefore,

the auroral measurements program must be designed to obtain the temporal and

(oY




spatial dependence of both the energy deposit, and of the resultant enhanced
infrared, in as great a detail as possible. Likewise, the ultimate theoretical
capability we hope to develop, a capability to predict the infrared enhance-
ments which result from the energy deposit, must be very detailed in order tc
accurately predict the detailed spatial, temporal and spectral distribution of
enhanced 4.3 um radiation as the result of a given time history of the spatial
distribution of upper atmospheric nuclear (or auroral) energy deposit. Our
tasks under this current contract are aimed at developing a portion of this
theoretical capability. These tasks are concerned with evaluation of rocket
measured 4.3 um auroral zenith radiance data obtained in the DNA/AFGL auroral
measurements program. One of these tasks was to develop facility to numerically
solve the exact time dependent plane parallel radiation transport equations wnich
describe the CO, 4,3 um aurora and to use this facility to attempt to obtain
closer theoretical agreement with 4,3 um data obtained on the dates 24 March
1975 and 27 March 1975 than had been obtained in an earlier preliminary study
(Reference 1, Kumer, AFCRL-TR-74-0254). The second task was to perforn
preliminary analyses of 4.3 pum zenith radiance data that were obtained on

25 February 1974, 11 April 1974 and in March 1975.

The highlights of our study arz: (1) We successfully developed the
numerical facility to solve the exact time dependent plane parallel radiation
transport equations which describe 4.3 pm emission in the upper atmosphere.

(2) Accurate modeling for high altitude Co, 4.3 pm emissions requires that the
effects of the weak CO, 4.3 pm bands are included in the calculation. (3) The
4.% pm data consistently exhibit evidence for a 4.3 um airglow layer due to the
process OH(v) + N, Y oH(v-1) + Né, Nz + COEYX N, + COQ(vj), COD(vj) “ €0, + hv
(%.% pm). About 0.06 to 0.22 ergs/cm” sec NZ excitation is required. (4) A
facility to use the ground based photometric data on the history of auroral
emissions at 6300 & (red) and at 4278 & (or 3914 &, blue) in order to generate
the time history of the altitude dependence of energy deposit q(z,t) by
particle precipitation was developed and successfully applied for analysis of
auroral 4.7 um data obtained 25 February 197h. (5) The data obtained in

2 rocket flights 6 March 1975 under conditions of a sunlit and dark atmosphere
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respectively were consistently explained on the basis of our CO, 4.5 um airglow
2

theories «

scattering and flourescence of sunlight by CO, in the sunlit case,

the OH driven CO. 4.3 um nightglow in the dark case.
[ =4

Further work to improve our modeling capability for 4,3 pm auroral

data should include:

1)

)

+1

Development of a facility to calculate the spectral structure of the

4,3 um zenith radiance. This requires calculating the altitude profiles
of the radiance in each of approximately 400 lines in the CO, bands near
4,3 um, Predictions of 4.3 pm spectral structure obtained in this way
may be validated and improved on by comparisons with the spectral zenith
radiance data obtained in the HIRIS flight of 1 April 1976, as well as by

comparison with available short wavelength CVF spectrometer data.

Development of a capability to calculate the lateral structure in the
4.3 um radiance as the result of lateral structure in the energy deposit

by the high latitude mechanisms.

Apply our newly developed facility to generate q(:.t) from ground basec
red and blue photometric data (BRIM) for the further evaluation of data
obtained 9 March 1972, 24 March 1973 and 27 March 1973. This effort
should result in a more consistent picture for the interpretation of all
of the 4.3 pm data obtained to date. In particular it should result in
considerably narrowing the broad range for e. the efficiency for producing

i : A 3 ol -
N2 from particle precipitation. Current bounds are 3 Se S 16

(Nq Vibration quanta/ionization event).
[

Study the correlation between ground based OH airglow data and the features
in the U.3 pm zenith radiance data which may be due to vibration transfer

from OH# to N,.

Performance of these tasks will commensurately improve our capability

for accurate prediction of nuclear enhanced 4.7 wm atmospheric emission.

—— —— - S S—




<.0 IMPROVE

0,, 4.3 pm AURORAL MODEL

2 Introduction

Preliminary evaluation of 4.3 um zenith radia
rocket flight during 1972 and on two more during 1973 as part of the DNA/AFCRL
ICE CAP infrared auroral measurements program (Stair et al., Reference 2, 1975)
has been given in summary form by Kumer, Reference 3, 1975, and in more detail
by Kumer, Reference 1 (:n,.-ncf:rorth References % and 1 will be referred to by
KSP and CRLO%34, respectively). In these preliminary evaluations it
that the dominant mechanism for producing the observed data is vibrational
excitation of nitrogen by precipitating electrons followed by VV exchange with
€0, to form CO, (001) followed by radiation in the CO, v, fundamental band

“ (= DY
001 = 000 near 4.3 pum. The basic processes involved in this Nf - CC'J (o01)
mechanism are reactions (1) through (6) in KSP. The basic time dependent
radiative transfer equations which describe the IJi < COo, (OOl) mechanism are

2 2

(7) and (8) in KSP. A stationary time dependent approximation (STDA) for
solving these equations is dcvclopcd in the KSP and CRLO334 papers. It is
shown in these papers that plausible agreement between theory and data is

achieved via this approach.

In our present report we show that the inclusion in equations (7) and
(8) of KSP of a term which accounts for 4.3 pm radiation to space by CO, Vv,
N - e 2
3 ; 2 e . i -
bands other than the ~°C 0, fundamental 00l - 000 band is an important

&

mechanism for determining the Nz‘ lifetime T in the altitude range 65 S z < 90
km, and that in fact an error of a factor 35 excess in T at z ® 75 km will be
made if this mechanism is neglected. We also describe an exact time dependent
transport (TDT) method for solving the corrected versions of equations (7) and
(8) of XKSP, We show that solution of these equations via this more accurate
method provides a better fit to the data obtained 24 March 1973 than we had
previously reported (CRLO334). We also show that reasonable agreement with
data obtained 6 March 1975 in the twilight sunlit atmosphere may be achieved

via application of the TDT method.




2 The Weak CO, v, Bands
& ) e

In the meteorological community it has been known for some time that
weak CO, bands near 15 um play an important role in the mesospheric heat
-

budget. (See Reference U4 for example.) This would suggest that weak CO_ v,
= /
bands might play an important role in the N, < CO, (001) aurora. Indeed, in
& (=
4 "

our earlier report (CRLO334, Appendix C) we introduced an approximate method
for including the contribution of the weak CO, v, bands to the CO, v. 4.3 um
& 7 o S

zenith radiance. We showed that the weak band contribution to CO, v, zenith
2

radiance was indeed a major effect. In that report (CRLO334) we did not

however consider what eflects the weak v, bands would have on the time depen-
2
dent radiative transport of CO, v, photons.
L= ~

In ocur current work we do consider the transport effect of these weak

CO, v, bands, and we show that these effects are significant. The weak CO, v,
2, &

)
- <

Lﬁ.f‘ldl} we include in our calculation are shown in Table l. These bands form a
nearly complete set in that addition of weaker bands does not significantly
impact the problem in the altitude region of interest. The COL‘ isotope
notation follows McClatchey et al. (Reference 5). The bands are designated

by the number j.

2 The Time Dependent Radiative Transfer Equations

If we treat the upper state populations {COQ (ij)] of each weak CO: Vj
band in Table 1 as an unknown, as well as [COP (001)] and lNzJ as unknowns, we
get 12 unknown quantities at each altitude meéh point (the role of the altitude
mesh points in computing the radiative transfer integral is discussed by Kumer
and James, Reference 6, this paper will be henceforth referred to by KJ).

These quantities are coupled with each other due to VV transfer between N,

and COQ. and they are coupled to the quantities at all other altitudes du: to
radiation transport. Currently we use an altitude mesh consisting of 26 points.
Hence, the exact description of the problem involves the solution of 12 x 26
coupled time dependent integral radiation transport equations that are similar

to equations (7) and (8) in KSP,
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The quantities AL account for fluorescent radiation near 9.6 and
10.4 pm from all of the upper levels [Vijj. There is an additional contri-
bution of about 4% of Ah o6 to the AL for values of j = 10 and 11. The extra
contribution to AL for the j = 10 and 11 bands is due to the 2,7 um transi-

T5L 0 0. a -
tions 02 1 = 00 0 and 10 1 — OOOO (James and Kumer, Reference o, 1973).

Other quantities appearing in equations (1) are defined in KJ. Alsc
quantities which appear subsequently herein, and which are not defined herein,
are in fact defined in either KJ or CRLO334. Values for the rate constants
that we use for the calculation reported herein have been modified from what
is listed in KJ, when necessary, in order to conform with the latest values

reported by Taylor, References 9 and 10.

2.4 Escape Function Approximations for the Nf Relaxation Time
&

The 12 x 26 coupled equations (1) are numerically too difficult tc
conveniently sclve with computing facilities available to us. It is possible
however to use the escape function approximation (see KSP and/or CRIOZ34) to
estimate the relaxation time T(z) for an N; created at an altitude z. The
escape function approximation (EFA) is implemented by setting the integral
term to zero in equation (1b). The 12 x 26 coupled equations (1) reduce to
26 sets of 12 x 12 equations, each set associated with a specific z mesh point.
Each of the sets of 12 coupled equations are linear first order differential
equations, just like equations (1). Formally the inhomogeneous matrix form
of the equations may be written

(TS+0)r =1 (2)

where 1 is the unit matrix, elements of U may be determined from the homo-
geneous equations (1) and T is an inhomogeneous vector term. If one knows

the eigenvector matrix K such that UK = KA where ) is a diagonal matrix of

L =l = -
eigenvalues, and if one knows K such that K "K = I, then the operation

K1 ﬁ +U) K e T n (3)




ed set of equations

PR W (1)

dt

%) e i il =i - . . y
where £ =K fand 7" = K N. The solution of (g) then

~—

= T
ko rdeI C-?\(C—L ) ,:I(LI) (¢

o

ots of 12 x 12 equations obtained from equations

For each of the

1) by EFA there are 26 sets of 12 eigenvalues A. elgenvalues are
¥ £

erse time constants associated with the eigenvectors in the K matrix. In
A

each set

there is one small inverse time constant }“I and 11 large inverse

time constants X..
J
n PRSI ST 1 )\ o o v +ha ’T; m
The quantity 7. = 1/A_ gives the decay time of the initial N . The
. N N s
3t time constants TJ = 1/A. correspond roughly to the rapid decay of
o

V. j] due to radiation to space.
2

- o =L < ; . <
The K, A and K may be readily attained numer y by using standard

algorithm

scientific computer subroutines. The IMSC adaptation of the
with U.

)), EIGENP may be used to obtain the K
Next, the widely used subroutine GJR may be used to obtain K ~. If necessary,

double precision results may be obtained by using EIGEND and DGJR.

29 The /“w Approximation

¢

The 12 x 26 coupled equations (L) may be reduced t¢ 2 x 26 coupled

equations if one introduces a term @ which approximates the effects of the
weak bands in quenching N,. We define

e LL (

. G. .

The Q _ approximation for equations (1) is
w




= £ = K INN£-f) - (kM '
a& 1 o (N, =1 ) = (ke [M3wA ) £y
e R S P ot ol it = ‘.
- By o6 (Byfy - o le“bP(UINl M) (£-17) ) + Ty (€2)

and

Ly o £ A B | G Y n .
at N 55100, (£-£) ~ (kyl0T4k ) [0,14Q)) £ + T (€b)

"

The 2 x 26 coupled equations (6) are of the form of equation (2) and
may readily be solved numerically by the techniques described in Section 2.4

on the computing facilities that are available to us. We will designate =

Q

2

T e
time

3U
dependent transport" solution by 'I.‘DT,.QV for solution of equations (¢

(SR

In reference to solution of equations (1) we shall use TDT.

In the Q  approximation we use a modification for T;I' defined by
3 i R dd [co,]
e, — N = (I0,] ;

A
J NJ
and

k[N, ]
1" [ =

N J %ﬂ%ﬂﬂhujﬂiﬂmim%

s o P ; : - e
This modification accounts for the VV transfer Co, (Gv,) - N, of initial
= = &=

3 s ey z i o : "

excitation in band j over to N,. This "weak band related pumping" process
* i f ; "

for N, 15 the opposite process of the "weak band related quenching” process
[ =4

WNlct

we account for by the psuedo-quenching term @, in equations (6).

The 'I’IYL’,(LN approximation for L‘J for j = 2 may be obtained by setting
d
—_ -

at %3 O. This approximation is useful if |dt T]J.lxx}\NMJI. The result is

W (kQ[Ne]fN+ﬂJ)/(k2[N2]+kl[M]+AL+Au‘26EJ) (7




2.6 Accuracy of th Qw Approximation

We must address the question of the accuracy of the Q approximation.
e

We obtained no TDT solutions of equations (1) for comparison with IDT,Q
w

solutions of equations (6), but we were able to obtain EFA solutions of
equations (1) which may then be compared with EFA solutions of equations (6).
In EFA equations (6) reduce to 26 sets of coupled 2 x 2 equations with twc
associated eigenvalues of which XN
Nf relaxation time constants T = l/KN obtained from these EFA calculations

is the smaller, T = l/AN. The estimated

are shown in Figure 1. The curve labeled EFA,Qw applies for the EFA solution

of equations (6) with Qw given by equation (5). The curve labeled

T
EFA,Qw = O applies for EFA solution of equations (6) with QV = 0. The curve

- e L) Y -1 it : = e
labeled T, is given by T, = (KQ[COZJ + hlo[o]) , this value for T, assumes

no back VV transfer from CO, (ij) to N,.

The EFA,QW = 0 estimate for T is incorrect since it neglects the
transport effect of the weak bands. The EFA,Q = O estimate for T was reported
in KSP and CRLO334 since the transport effects of the weak bands had not as yet
been considered at the time those documents were published. Since the 3
estimates are quite similar for z & 90 km, and since the bulk of the aurora
energy deposition occurs for z & 90 km, the 4.3 pm auroral zenith radiance
data analysis and the conclusions presented in the papers KSP and CRLO334 are
essentially correct. However, we shall see below that analysis of the auroral
data via ’I‘DT,Qw solutions does achieve a somewhat better match of the data

with theory than that which is shown in KSP or CRLO33k.

The EF%,Qw = 0 estimate for T becomes much different than the other two
estimates for altitudes z = Y90 km, This is a very important point of interes
for DNA because the bulk of the energy deposit from high altitude detonations
occurs for z < 90 km. We believe some kind of rocket experimer' to confirm
the effect of the weak bands on T in region z < 90 km is necessary. Sunrise
or sunset twilight shots might be useful for this purpose. However in Section 3.5
below we show that in the case of the existing 6 March 1975 twilight sunlit

data that the ﬂl and nN are changing rather slowly over a time scale T(z)
Qw
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A second important point that Figure 1 illustrates is that the EFA
24

12 x 12 and the EFA,Q estimates for T are virtually identical. This means
w

that the Q_ approximation of equations (6) to equations (1) is very accurate

: ot z .
for the purpose of computing the N, relaxation time.

In Section 3.1 below we will examine the impact of using the more
accurate T estimate (by EFA 12 x 12 or EFA,L;W) as compared to using the less
accurate T estimate El«'A,Qw = O for the analysis of 4.3 um zenith radiance
altitude profile data obtained by Stair et al. (Reference 2) in a rocket
experiment on 27 March 1973. In Section 3.1 we will refer to these two

estimates as e and Te respectively.

In a paper recently submitted to Journal of Geophysical Research
(Reference 11, Kumer, "Theory of the CO. 4.3 um Aurora and Related Phenomena,"
1976) we compare in detail the approximate calculation of quiet night time
zenith radiance profiles and of auroral zenith radiances by EFA,Q and by
EFA 12 x 12, We find that the radiances calculated by these 2 methods are
essentially identical, just as T_calculated by the 2 methods is essentially
identical (see Figure 1). We concluded then that radiances calculated by the
IDT and 'i'D'i‘,Qv, would also be essentially identical. Thus in the remainder of
this paper we shall designate radiances calculated by 'JL‘DI_.;/"_’_ simply as

radiances calculated by TDT,

The reader should bear in mind that radiance calculations by TDT are
intrinsically more accurate than calculations by EFA since in the later case
vertical radiative photon diffusion is neglected. The I-;i*A,f.f;w and EFA 12 x 12
radiance calculations that we discuss in Reference 11 were generated for the
sole purpose of establishing that the '1'1)1'~’~/w and TDT radiance calculations

should be essentially identical.




el Radiances in the Weak Bands

In Section 2.6 above we showed that neglect of the weak CO2 Vﬁ bands
results in a large error in the computed N; relaxation time T(z) in the
altitude region z < 90 km. Here in Section 2.7 we will show some calculational
results to illustrate that large errors in the computed radiance profiles will

also occur at lower altitudes if the weak bands are neglected.

We show the 4.3 pm zenith radiance profiles calculated by TDT in
selected bands in Figures 2 and 3. Profiles in Figure 2 are calculated for
the ambient night time (March 65°N model atmosphere) case. Profiles in
Figure 3 are calculated for the 24 March 1975 eq(z,t) auroral deposition model
eq(z,t) that we used in our previous study (KSP and CRIO334). The inhomo-

geneous terms and ﬂd appropriate for the auroral case are

T"N
M(z;:t) = ealz;,)/(N,],

and

The inhomogencous terms nJ for the ambient night time calculation are given by

TjJ = L/m R)\DE'JP[(NJL-NJ)O] + };l'[M] . (%a)

The first term on the right hand side (RHS) of equation (%) njcs accounts for
absorption of earthshine emitted from altitude :L(scc KJ, page 645), the 2nd
term on the RHS of equation (8a) njc accounts for thermal collisional excita-
tion from COQ(ij)+E e COg(jvlv2)+M. Since %Q[Ng] => njc for all altitudes no
accuracy is lost by making the approximation ﬂjc ] ﬂlc. The calculation of

nlc is discussed more thoroughly in our paper (Reference 7).

Collisional excitation of Ni is responsible for the ambient night time
value for ﬂN(zi) which are given by (see KJ, pages 640 and 6U4l)
Lol ) g
Ty = LNQ/[NL,J.

For the ambient night time calculation we take d/dt UJ =0 =d/dt ﬂN.

16
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Figure 2. Ambient night time U4.? pm radiance profiles calculated by
TDT for the total %.% um radiance },‘.R] and in selected
bands RJ. (J = 1,2,5,8 and 11).
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Figure 5. Auroral radiance profiles calculated by TDT f\
24 March J,’ﬁ'(f deposition model eq(z,t) are shown,
these are . 5+1+ R, and selected R, (j=1,2,5,8 and 11).
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5.0 DATA EVALUATION

Sk Applications of Data Obtained 24 March 1973

We use the model eq(z,t) which is described in KSP and CRLO334 for the
2k March 1973 aurora for both the up and downlegs, and we use TDT to calculate
IR, for comparison with the auroral 4.3 pm zenith radiance altitude profile
data (Reference 2). These calculations and the data are shown in Figure L.
Less recent calculations taken from KSP and CRLO334 are also shown. As expected

there is little difference in the older and newer calculations above 90 km,

The weak bands become important for loss of vibrational guanta by
radiation to space near z = 80 km, this manifests itself by the markedly
better fit to the upleg data which is achieved with the newer calculations in

this altitude region.

The it to the downleg appears equally good in each case. The downleg
deposition model for eq(z,t) is probably less certain than is the upleg model
however, and the quality of the theoretical fit can be no better than the
input model. In fact we can imagine the use of a somewhat inaccurate deposition
model which would yield a better fit to the data on input to a somowhat in-
accurate theoretical calculation, than might be obtained on input to a very
accurate theoretical calculation, provided that the inaccuracies in the former

case are accidentally compensatory.

More information on deposition models for 24 March 19735 have recently
become available, This information appears in various publications including
for example References 12, 15 and 14, In addition to the energy input modeling
for 24 Marcn 1973 which has been performed at other institutions, in our current
effort we have developed a capability to generate a spatial and temporal
energy input model q(z,L) from ground based photometric observations of the
histories of the auroral 6300 A and 4278 A (or %91L &) emissions. We call
this capability BRIM (blue red input model)., It would be a useful and rather
inexpensive exercise for us to utilize the input model information for the

2 March 1973 event which has been published by other authors, and to also

20
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itilize our BRIM capability in application to ground based photc

1973 in order to devise a model for q(z,t) for 24 Marci

et
¢

'
oy
5
L]

Al 1

1975 which is more carefully constructed than the older, prel

" sy . e 3 rAzz] T 5 -
describe in KSP and CRIO>%4. We could then compare the

profiles we calculate on the basis of the improved input model w

The purpose of the exercise would be to develop more credibility in our TDT

calculation, and to gquantitatively establish what is the contribution as the

result of uncertainty in the energy input model to uncertainty in the v

for e extracted from the 24 March 1973 data.

3.2 Implications for Bvaluation of Data Obtained 27 March 19753
The mildly varying altitude dependence of what we currently to
be the N, relaxation time T _ in the 70 to 100 km region h > and

&

interesting consequences for t interpretation of downleg

radiance data cbtained 27 March 1973 (CRLO334). These data are shown in

F'1purs ared against a radiance profile labeled M2. This profile is our

non for the ambient night time 4.3 um zenith radiance.
atmosphere for the M2 calculation is based as much as possible on inde-
1 urements of the atmospheric temperature. Devels of the M2

model atmosphere is described in detail by Kumer (Referencels). The downle

penetration occurred at a location where the only deposition, at the time of
penetration and indeed for at least 45 min prior to penetration, was a soft

-]
. . . . 9 1 . 7z ) i
precipitation which produced about 1.5 kR of 3914 A

above 115 km where the N, is predominantly quenched by O rather than CO,.
Lu CRLO334 it is shown that this drizzle could not be responsible for the

7 o 4+ 4 y v Mmacrd proal cas s Zn ® o o % 4 0 4 0
Llglienins ox naX Lmuy which 18 noted in the data 1n the (0O Tc U Kin altiy®

oince our former calculation (Cl{l[),’“))') Lor TL~ the N, relaxation time

(calculated via iu'!'/\..zv = 0) has a prominent maximum of more than 20

75 km we had once thought (L.‘klk)‘j‘;ﬂ't) that this maximum in the 27 March 1973

y

downleg 4.3 um zenith radiance date near 75 km might be the decaying remnant

of a very bright aurora for which energy input may have terminated as long as
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1 or more prior to downleg penctration. We had made the assumpti

at there was no appreciable wind shear in the 70 to 95 km region. We had

shift in position to lower altitude of the maximum in auroral

. b L& ould OoCCcur S1nce Lates thna
radiance profile of an intense aurora decays faster at 95 kr X
u'ter cessation of the energy input. is assumed to pea

or "nard" auroral precipitations. However, since T (our

X wrate. calculation for the N, relaxation time)changes a
actor 1.7 n the altitude range 70 < z < 95 km, this effect will
o d4 oceur Tn fact he meak in the decaving auroral radiance
WAL LY 1Y o in 1act the pealk 1X the dadecayling auroral radianc
profil should tend to shift from the 90 to 95 km region toward higher altitudes
i e raplid increase n T above = 95 km,
Thus: for alternate mechanisms to ¢ i

rcurs in the 27 March 1973 dowvnleg data at about 75 km.

Pl s that such a mechanism must produce a column source of N, excitation
of about 0.2 erg " sec which is confined to a narrow layer which peaks near
0 km al CUAE o

We considered several candidate mechani as (1) a hard particle

flux, (2) N + NO = N, + 0, (3) transport of N, by winds from distant auroras,

ind (4) the reacti - OH(v-1) + N, which taps the OH airglow
energy source. We OH mechanism is most likely responsible for
the feature which occurs in the 27 March 1973 downleg data. We will elaborate

.5 below where we discuss 4.5 um zenith radiance

on this point in Section
jata obtained on 11 April 1974 under quiet night time conditions. These data
also show a feature near 80 km which is similar to that observed in the

27 March 1973 data. In fact, in the ensuing discussion we will show that

lar evidence for an OH driven CO, 4.3 um airglow also occurs in data

obtained 6 March 1975, 25 February 1974 and probably also in the upleg data

obtained 27 March 1Y
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We considered several mechanisms to account for such a source of N,

excitation (see Section 3.2 above). The only mechanism promising enough to
5 ; . ‘ F A ol .
warrant discussion here is the OH driven mechanism, that is:
+ .
N, + OH(v) = N, + OH(v-1) (9)
g : i e e .
where the OH dis initially produced via
-
H+ 0, OH + 0, (10)
5 2
or
4
HO, + 0 - OH + 0, - (11)

There are two reasons for considering this mechanism: (a) The 82 km peak
altitude requirement could be nearly satisfied by reaction (9). The altitude
dependence for OH$ emission peaks up at = 84 km., We expect then that the
altitude where peak quenching of OH* occurs would be somewhat lower than

84 xm, (b) The total cnergy/cm2 sec produced by reaction (10) and (11) exceeds
the = 0.067 crgS/cm2 sec which is required to explain the "knee" in the

11 April 1974 data.

We discussed this mechanism with Dr. A. T. Stair. This was very useful
since Dr., Stair was able to rﬁpidly identify the most up to date %itcraturu
on reactions (9) through (11) and on the Einstein coefficients A:” for emission
by OH#. Thus we were able to do a preliminary calculation of the rate of N;

production due to reaction (9).

There are numerous measurements of OH airglow volume emission rates
available in the literature (Reference 20, Baker). To investigate
the OH(v) + N, = NZ + OH(v-1) hypothesis we arbitrarily selected the airglow
OH Av = 2 voldme emission rate versus altitude e(dv = 2,z) reported in the
literature by Rogers et al. (Reference 21). The measured volume emission rate
published in Reference 21 was measured with an instrumental passband that
transmits the OH AV = 2 sequence bands L+2, %1 and 240 (Reference £22). To
estimate the corresponding altitude dependent N; production rate awi(J) =
e(bv = 2,2) < kq/A > [NP] requires a knowledge of the rate constants
for reactions (9) and (io). For the purpose of our discussion here in

Section 7.5 we will label these rate constants k. and k A knowledge of

L0°

30




the Einstein coefficients A » for radiative decay of OH(v®) to OH(v”) is alsc

required. In the initial analysis we present here we shall neglect production
of OH(v) excitations by reaction (11). The rates LXH(T) for 2 = v < 9 can be

obtained from Polanyi et al. (RUS“TUA“U :j). The rates k. can be obtained

] is given by
< hﬂ/A > [N,] = vzfﬂvhy(v) LNQ]GEan Ao
where the N = [OH(v) ] are the populations of OH(v). For v =9
N, ¥ k(v + ko(v) [N,]) (12)

here A 2 A;u. For successively smaller values of v the 7W are given

n, = ( (V) + kg(vel) (] M+ M A ')/(AV + x(v) [N,]) - (33)

~NV

For the purpose of completing this preliminary calculation we extrapo-
lated values for klo(v) for v = 1 and k. (v) for v < 4 from the data of
References 2% and 24, respectively. The data and the extrapolations are shown
on Figure 9. We should note that the hj(v) reported by Reference 24
are ont deactivation rates. In their experiment they were not able to trace
whether reaction (7) proceeded by vt, vr or vv. In our calculations we assume
that the nw(v) are vv,. The results SNi(n) are shown on Figure 10. The column

2

* 4 & \ =
N, production f dz g¢¢ = 0.1k ergs/cm- sec.
= A

In Figure 11 we show a curve labeled "U" which is the . mponent of
4,% pum zenith radiance that results from the initial NZ excitation source
shown on Figure 10. The points X shown on Figure 11 are the best fit to the
11 April 1974 4.3 pm zenith radiance data of a linear combination of the

ambient radiance curve A and the curve U, The data have been reduced by a
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factor 0.63 in order to agree with the ambient calculation at the lower end

" the altitude scale. The component U had to be multiplied by a

(.078/0.1L) to achieve the fit shown on Figure 11. T

the altitude dependence for N, production via vv transfer from OH whict

c

#

on Fipure 10, that .078 ergs/cm” sec N, column production is required
f o I 1
of"

to best fit the data. Thus, for the shape c i
.

igure 10 it is required that J

Y=

' = .078 ergs/cm” sec in

[

(9) as shown on F

“ay

C

order to best fit the data. This is very nearly equal to the 0.067 ergs/cm

-

which is required if we arbitrarily set Qg+ = xe as discussed above.

The excellent quality of the fit also @ the altitude dependence of

il

the "lkmee" in the 11 A

L

¥

Qe(z) is what is required
1974 data. We believe the excellent quality of the fit partially justifies
our assumption that the k_(v) reported by Streit and Johnston are indeed the
result of a vv process rather than vt or vr.
i
In conclusion, we believe the (‘.\EI‘t + N. — N. mechanism is most likel}
2

. 3 ) . . - . ) . v g = B &
nsible for the "knee" in the 11 April 197U 4.3 pm zenith radiance data.

literature search for more accurate values of k. (v), };w(v).

OH airglow.

In the discussion that follows we shall point out corrobative manifesta

=*
1

;
tions of what appears to be evidence for an OH + N, - N, = CO, 4.0 jm airglow

y
P, IS

.’;ﬁ‘(,;) as the result of reaction

e matter should be persued in more detail. This should include a more thorot
o

in data obtained 25 February 1974 and 6 March 1,75. The evidence manifested by

the 6 March 1975 data is particularly convincing. We have also mentioned that

the downleg 27 March 1973 data show similar evidence. We believe that the

27 March 1975 upleg data might also show evidence for the OH related 4.% pm

airplow if these data were to be reexamined.

Dotk Evaluation of Data Obtained 25 February 197k

The 4.% m Zenith Radiance Data:

A final version of the Lk,% pm zenith radiance data obtained 25 February

1974 was kindly provided to us by W, Grieder (Reference 26),

These data will soon be published,
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ary to generate a time history 1(;.

of the entry and exit points at each of 26 altitude mesh points

history should extend back in time for about 1 hour or at least
mtil aurcral activity has become negligible. In order to obtain the TDT

ion for equations (6) it is necessary to cecmpute the integrals

In numerically computing the integrals in equation (14) it is necessary
’ g ST Senel s , w10y Kt ' = 3 . &
to evaluate q(;..h,) for each integration mesh point t. . This was achieved by
1 b o8

, ey 1ot . 1t L . E : .
determining Um I t.) and lm Ii‘(t ) by linear interpolation from the approxi-
Yk 3k : .

4 o} Iy

m.te data sets which are listed in Tables 2a and 2b. These c(imate data

sets are based on the photometric data appropriate for entry and exit points
¢ . -~ - ’ 4 .,

that are reported in Reference 29. Next q(zl.tr) may be evaluated from

) 0o ; o B s s ! ,

br (%) and Lm IE(L*) as described above. If t’ is greater than the largest

value t/ that is listed in Table 2a or 2b, then bm I_(t’ ) and 4m I (¢t )
R max B max

max
7 . o y 1 . 2 ’
are used to generate n(:..LL). By inspection of the data sets in Tables 2a
= 1 K
A3 3 : o ’ ’ 3 ) o R .
and 2b one sees that this procedure for t, > Lnu: accounts for preauroral
o AN

drizzle.
The sclution of equations (C) then is

A
E = E)a Nevie 33
jml Y ke

«

D2 rok
( Jk n&ﬂ
For a given altitude mesh point Zy the fractional populations
/ 3
S r P A [ I s grive
ii(zi) = ‘001]1/[Cou]i anf IN(LJ) = [szi/LNﬁ]i are given by

£(z) =14

and

plz) = L6 y




bands are

( ) with 7M.(z.) set to zero. Then the zenith radiance in each band R, may
t omputed \ u.w]. ion (8b) above.
In Table we show the results for the 25 February 1974 1
radian components R n each band, and for XR. the sum of these re
J
yre obtained t is procedure. The results were generated for a
e = A (N, ibrations/ionization) although we shall s elow at it
necessary tc ‘x:.;j- €= .2 to achieve a best fit to the February 1974 data.
In our discussions in this report whenever refer to the radia
omponent due to a n mechanism (auroral, airglow, ambient
wlways are referring to IR, the sum over all the CO., v, 4.3 pm bands.
We ention back to Table in order to make « last point.
he bands originate from the upper levels
levels may decay to 000 and emit 2.7 pm radiation in t process. The rel
emission at 2.7 um an % um is expected theoretically (Reference 3) t
4, and 96% respectively. By inspection of Table 3 one sees we predi
4.3 pum radiance in these j = 10 and 11 bands is L)u less alr mda-
ental CO, (001) - €O, (000) j = 1 band in the region z )0 km, Hence 2.7 w
nith radiance from these bands in the z > 90 km region will be at least 1
ess than the 4.3 pm zenith radiance in this altitude region. We conclud
that the slowly decaying component of 2,7 Mm radi T ( en I
~(Reference 35) auroral data probably does not come from the N C(
ibrat transfer mechanism
. {co, (100) | fco, (10°1)
=t ¢ 0 e
N> * deo, (02°0) | ~ M2 *(co, (02°1)) (15)
followed by radiative emission at 2.7 um
; (
‘('(. (10 A + C0,, (000) + hy, ,
l(i( (<);“Uv )) : 2.7 pm
1less there is an unexpected quirk in the relative magnitudes of the v

reaction rate constants for vibration transfer between N

l,

and the

e ———————




i aurcral component of

1 of the CO, vz 1

7 . b 5
anas i

be ALY radian cot in in :)
ba Ry, and h radiances i he¢ 10re s
bands j = 10 and 11 are tabulated here. Thes
al radi s are calculated for ‘g( 2, 6) giv
r BRIM model for the 25 February 1974k upleg.
A va e=15.4 (f§/ionization) was used in compilin
7 althot ‘e show below that € = 15.24 is
I ired fit the data.
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(‘v ) (‘ w) and

i (
in our calculations (equations (1) and (6)) we have assumed the rate cons

for
K
N, + [J]= N, + [v;]]
to be identical with the vv exchange rate k, for
o
+
N. + C 000) = 1 ) -
N, + CO, (000) N, + CO, (oo1)
rate k., is about 10 “ kinetic, thus if the largest conceivable (if not
o 11} \ “ - I~ 1100 1 L. arti y =3 1 E j 1 4V 7 1% - . + ¥
asonable) rate is used for reaction (15), i.e. 10° k., then 2.7 pm as the
(=8
result of the N,, CO, vibration exchange mechanism will be approximately 10
2 2
less than the 4.3 pm radiance. This is close long ter:
.7 pm auroral component data requirement (Reference > tern
2.7 pm auroral radiance is a factor 10 less than the so that

perhaps the N,, CO, vibration exchange mechanism for producing aurcral 2.7 w

1.

radiance might warrant a little more careful atter

25 February 1974 Upleg Data Evaluation:

In Fipgure 13 we show the 25 February 1974 upleg 4.5 pm zenith radi
lata mpared ‘alculations. The data are the curve labelled D. T
y ) 3 P = . v e -
auroral compconent of 4.5 um zenith radiance 1\(1 is calculated from a TDT
U
30 1 on obia i Lat L L
thie 1] Lpal t 1 is !
enerated model ’,i'_ %3 U ) it is necessary to use € = L‘,‘.L,Ii- (u viprational

juanta/ionization) to obtain the magnitude of Au as shown.

. . ) » . . 4 $ . }
ur calculation for the 4.5 um zenith radiance component due to amt

thermal mechanisms, collisions and absorption of earthshine, must i 11tiy
by the factor 10 to keep it on scale in Figure 15. This component is labell
/"-I,(--;lf‘). The ambient thermal radiance A 1is calculated on the basis of ASI
meteorological rocket data on atmospheric temperature and density obtaine

25 February 197k which were kindly provided by R. O, Olsen (Referenci t).
These a extended up to 60 km alti . The comple temperature profi

was obtained by smoothly extrapolating from the ASL data near ©O Km T

O P M . + .
Groves 65 N March mesopause temperature model exactly as was done i btain
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a temperature profile for the 11 April 1974 data as illustrated by Figure 7 at

We note the sum A + A is 4,3 x 10 " wem - st at z = 84 k t
'-l D -
cy

latum at z = 8% km is 7.8 x 107 wem © sr ~. If we compute an

- . e . .
CO, 4.3 pm radiance component from an N, excitation source that

multiplying the QN (z) shown on Figure 10 by a factor .95 we obtain t ) M

zenith radiance component which is labelled OH on Figure 13.

B C.15 ergs/cm sec of vibrational energy transfer {r o N,.

LV
T o 1 T oy T - ;)
The curve labelled T (.4 I THeC i1te) 13
e
curves A + OH + A . The fit with the data is reasonable as ar
“ n
. Sl T ¥ Py 4of w— oo s . 3 54
requirements € = 15.24 N, vibration quanta produced per ioniza
I T A i : /
that OH tra B ergs/ct sec of vibrati r

looked at several alternate energy deposit models for t bruar

'he total integrated energy input

o Lh

time t° it was required that .J dz q(z,t°) = b 1. (t")/e (£9). T

alternate models differed from the model we described above

In one case we used a quartic f'it for the bottom of 1(,1.&. ) rather than

the parabolic bottom as described above. That is, for z < z_ we used

—.:)/}LI’J“

where

We also used an input model g(t’) q(z) where q(z) is the radar
*R<"') shown in Figure 12 and witl (L') such that

':(t‘,)u" dz :_h(:.) = I li{(l')/e (L') .




) r 1e3 0L phy parameters required ( (
b lat 1di / FA i OH are listed b :
1 I
{ ral
[ 1t lel € B_ - |
: ¥
vrabol otton 15.24 3
rr OO0 T« c .L.’JO -
Radar ( ) 19,80 :
These results Mo A f
.o pm auroral nit rCS Su .S is
LS LOY 'Giie eprucs 1LCCUTa, Tt if lateral
SO (o S s latera radla’ € ul C usic nd T Lrans-
Y ..; winds re a ced r. To account for rt of -:
res that s rmation or elds 1 ds 1 ( T leds 1t
k btain sc leas ] L t T
! 3 wyer ¥ L \/ ! nd va, alr L4 i L < e I ) L1
TS un 1 b e latas It 1 1 et exercis obta es
: y
rind data t ! A 5 the mpact on the 1 the 4.5
Ll
F'¢ 1974 Dowvnleg Data Evaluati n:
In Figure I we s ( February 1974 d L «> Mm zenith radian
lata compared w our lculations. 'he data ar 1€ irve labelled D, T
rve D is perforated i km, The tipped over at m and we
are cautious with regard to analysis of data for 5 km. For this reasc
we did not t the data for z < &5 km, but instead concentrated on
Llysis « the in the region 2z k
( rve labelled BRIMIN is the auroral zenith radiance onent cal-

culated vi

our BRIM capability

H

e ™ 162 (4 /jl nizatic IL) was 1‘0‘111111'4 1 to achieve the it shown on Fipure L4,

is quite

1974 upleg data as 1

consistent with the results achieved on

is generated by

lution for an input model

fable 2b. A valuc

Y

from the photometric data 1i

ported above,
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Conclusions:

We were able to consistently model tne upleg and dowvnleg data via
energy input models generated from photometric data by our BRIM capability.
A value € = 15 to 20 (Nz/ionization) was necessary. The BRIM model appears
to generate q(:,t') that are too hard on the upleg and too soft on the downleg.
This suggests we used too small a value for atmospheric aerosol attenuation in
applying attenuation corrections to the photometric data obtained from Refe-
rence 29. Applying a larger aerosol correction would mildly reduce the values
for ¢ that would be required to achieve a good fit to the data. The analysis
on the 25 February 1974 data has advanced to the state that any further
modeling work that might be done on the 25 February 1974 data will have to
include lateral transport by winds and by lateral radiative diffusion,in

order to be useful.

The upleg 25 February 1974 data in the region z < 90 km suggest that
there is present in the data a component of 4.3 pm zenith radiance that would
be caused by a vibration transfer Ep, of about 0.1 @rgs/cmg sec) from
OH to N,. Confirmation from the downleg data is not readily feasible
(1) the auroral component of the downleg data is about 3.3 times brighter than
on the upleg, a fact which in itself would tend to wash out OH* driven effects
for z < 90 km and (2) the data may yet be suspect for z < 85 km. We believe
some further analysis of the effect of the rocket aspect angle on the observed

radiance may be warranted.

Finally, the MRC downleg input model seems reasonable, although the
QA(E) of this model appears to be somewhat too hard.

545 Analysis for Date Obtained 6 March 1975

Twilight and night time 4.% pm zenith radiance data were obtained in
two rocket borne radiometer experiments launched 03:43:00,028 and 06:16:30.020
UT 12 March 1975 from the Poker Flat, Alaska, rocket range. In the twilight
shot the shadow height (uncorrected for atmospheric refraction) was about
12 km, so for this shot the 4.3 um zenith radiance data were obtained in a




sunlit atmosphere for which the solar zenith angle was greater than 90 .
4 7 s 1 T A Y )’ -4 3 - §e. + 3 ~ ~ P \
Data related to this solar zenith angle and shadow height (refraction corrected)

which were kindly provided by Gene Ware and D, Baker (Reference 37) are shown

in Table 4. Magnetic and auroral conditions were quiet at the

were in orbit.

The 4.% n zenith radiance obtained on these rocket shots have been
published by Ulwick and Stair in Reference 14, We show these data on Figure 15.
The data set marked DL is twilight data and the data set marked DN is the night
time data.

Theoretical curves for various mechanisms are also plotted on Figure 15.
We shall discuss these in turn and arrive at what we believe to be a consistent

picture for the interpretation of the data.

The curve labelled Lo is our calculation for the radiance component due
to ambient thermal mechanisms, collisions, and absorption of earthshine. Ay
is calculated on the basis of an atmospheric temperature profile derived from
ASL meteorological rocket data which were obtained on 6 March 1975 up to about

altitude (Reference 34) and then by interpolation from 60 km up tc

gltitude S5 km where the OH rotational temperature 208 K, appropriate for

)6:18 UT 6 March 1975 were obtained from Ware et al. (Reference 38). The

curve A, does not fit the data set D._..
v

On the basis of our experience in dealing with the 11 April 1974k data,

the 27 March 1973 downleg (and perhaps upleg) data and the 25 February 197k

upleg data, we were tempted tc fit to the night time data D, a radiance

N
3 5 . . & : d g
component due to vibration transfer from OH to N,. The result is the

dashed curve labelled OHN' With the radiometer calibration as stated in

=il -
0.35 2 s

y . v . | 5
Reference 14 this fit requires =l ergs cm sec of transfer

E'I'V ;-=
of vibrational energy to N, from OH ,

Now let us consider the sunlit data DL. Our prediction for the zenith

radiance component which results from 2 sunlight-driven mechanisms, namely




Tl 4, An exerpt of data provided by Reference 37,

6 MAR 1975

LOOK BRMNGLES TG THE SUN FROM POKER FLAT, RLASHA

COOFDINRTES FOR POKER FLHT., ARLHSER
LATITUDE = 63, 12925 DEGREES HORTH
LONGITUDE = 4497 48232 DEGREES MEST
ELEYARTION = B. 204913 KILDHMETERS

COORDIMNATES FOR THE SUN AT B83H & HMAR 13¢5 UT
GREENWICH SIDERIAL TIME = 18H 32K 25. 728%
RIGHT ASCENSION = 23H 1 (R 5 222. P75 DELTR
DECLIMATION = =SREG =33l —3l. 6885 1384, 38895 DELTR

uT ARZIMUTH ELEYATION ZENITH RNGLE SHRDOW HEIGHT

HR:MIM:.SEC DEGREES DEGREES DEGREES kM
S 2Y Uy Pt A -1. a4 91 04 @ Qo
3:38:60 260. 28 -2, 8¢ 9. 87 g. 85
3.408 . 424 262 64 =2 12 2 I B 3. 82
2:50:808 264. 99 L G 84 17 8. 92
400 30 267. 18 ~5, &2 QS 22 16, 2%
418 04 269, 3 =B, et 96, 27 29. 68
4.20:00 2eX, @ = e S 32 37. 36
4:39.00 273, 97 -8. 38 98 38 51 243
4 .49 .00 276. 2 -9. 43 99. 43 6¢. 32
4.50:00 278. 54 -10. 48 1060 48 85. 56
S 9600 2340, 84 =31 o iat. o2 105. 94
9:16:060 283. 16 =3Z. 59 1082. S5 28. 490
9:29:00 289, 49 =13, 97 182. 3¢ 152. 99
S.20:00 287. 83 -14. 58 104 58 7. 26
S 4840 290. 19 =195. 98 105. 58 287, 70
5:58:00 292, OV ~16. 56 106. 56 237. 81
6:88 00 294. 96 s T 1897. 53 263, OF
6.10 90 297. 38 =2 8. 47 108 47 302. 87
6:.20:00 299, B2 -19. 40 169 40 3237. 54
6 3060 382. 29 -20. 30 110. 39 St 94
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The sunlit twilight 4.3 um zenith radiance data points Dt and the night
time dark data points Dy are compared with our predictions for the radiance
components A, which results from thermal collisions and the absorption of
earthshine, OHy a component due to OH(v)VY N6 contribution which is obtained
by reducing OHy by a factor 3, S the component due to absorption of L.3 and
2.7 um sunlight by COp which is followed by re-emission at 4.3 ym, and
finally the sum 'I‘C = OHg + S + An the total predicted radiance for the
sunlit twilight case.




rom absorption and re-emission of 4.5 pm sw 5 by €O, in the bands j =
3 s and I absorption of 2.7 wn sunlight followed with 9 proba.-

~y./‘. 2ol fluorescent re-emi ssion (R':l"‘r';h(,"‘ ) in the bands j =

wnd 8 1l curve labelled S.
In order to calculate the contribution due to absorption and re-emission
of 4.3 pm sunlight by CO, to the radiance component labelled S on Figure 1°
i,
we set (see KJ and also Reference 7).
m - o = 7 nl ~ ' \ 7 ’ . 1
,,’j( 5t7) = /MF Ajo T (w‘j o u‘j@(u,t )) (15)
Th 1.‘.‘"(\:.1, ) is the column density of [j] (wz.(_-rc- ‘,,J_] is the
ground state CO, specie for the jth CO, v, band) along the line of sight from

<

altitude point z to the

=
. . 7 .
. The quantities :I.H(.:,‘l; ) change in
{
) J

time due to the earth's rotation which causes the sun to set, since we measure

. ! 1
1%

t’ backwards in order to perform the integrals shown in equation (1l4) the sun

actually rises as 5 increases, Thi ( e & ) decrease as t increases, An

additional term to account for absorption of t whic 3 followed
by fluourescent re-emission at 4,3 wn must be M or = 10 ax

11, This term is

where F_. is the spectral solar irradiance near 2.7 um (see KJ), >‘D‘ is the
) W
2.7 wm CO, e fold Doppler width,o, ., is the Doppler line center cross section
& o 2o

for absorption of 2.7 um sunlight in the bands j = 10 and 1l.

Since we are using the Q approximation le (z,t") is given by
w N

Ny
W

L T "NF G
T‘,NQW(..,L ) = B T]j(z.t ) Py U

J=e




or the matrix 2 through 4) of the @ approxi-
Lvh'! VE L
o ek ‘ ’
. (t9) = m(z,.t7)
~ { ;
L = e ’
+2t (£ NQ. (z..5°)
W b
With the homogeneous terms defined in this way we may turn the
numerical crank to obtain the solutions i'i as explained in Section 3.4 above.
R e S I S s £l e ; e 5 o m B g
The variation of 'ﬂ,(L ) with t° is the result of variation in the quantities
1
e / S T ? . “ . + " R 3 % & & "
u.u(.:.m ) as t° is numerically stepped backwards from time O until the

integrand in the numerical calculation of the integral
@ -}\.u

N, = j’r atle ni(t’) (16)

becomes negligible.

we briefly note that in a static approximation T],] would be given

“dJ
by
~ -1 o \
n__ = ﬂ:(u) A (Lf/
1d J
Wi 1 focus our attention on this point later in the text since it turns
out to be a point of interest for the planning of future experiments.

We return our attention to the rationalization of the 6 March 197
data sets DL and D, that are shown on Figure 15. The radiance component due
to absorption by CO, of sunlight at k.3 and 2.7 wm and subsequent re-emission

) is about a factor 2 to 4 less

than the data UL' By inspection of Figure 15 it is clear that the ratio of
the curves DL/’IJ is by no means altitude independent over the region

80 < z <110 km, This means a simple adjustment of the radiometer calibration

will not result in agreement between the data (('urv\; !)L) and the sunlight

driven component of our theoretical prediction, curve S.

There is still the sunlit component due to vibration transfer {rom OH

to N, (labelled on Figure 15 by curve O“t) to contend with., According to
[ "




JB—————

A . Sen S —: : :
Gattinger (Reference 39) the twilight sunlit OH column density component

3 . 2 : o : :
should be about a factor 3 less than the night time OH colwmn density.

The curve OHN represents the night time 4,3 um zenith radiance component
due to vibration transfer from OH$ to Ng- From the predictions of Gattinger
(Reference 39) the sunlit twilight component of k.3 um zenith radiance due to
vibration transfer from OH¢ to N2 should be the night time component reduced
by about a factor 3. Thus we believe the curve labelled O”L on Figure 15
represents the component of the sunlit twilight 4.3 pm zenith radiance that is

o ; - -5
due to vibration transfer from OH to N,.
{ =
The sum of curves S + OH_ + A 1is our prediction then for the total CO,
m 2

%)

4.3 um zenith radiance for the sunlit twilight case. This sum is labelled T .
c
The ratic of our theoretical prediction TC to the data Dt is essentially
a constant value 0.5 in the region 80 < z £ 110 km. We tried to increase the
predicted radiance value by doubling the amount of CO, in our model but since
(==

the sun is below local horizontal and since the CO, is optically thick along

+

the path from the sun to the point z in the region 80 < z < 110 km doubling
the amount [CO,] resulted in increasing S by just a factor of approximately
1.2 at 80 km, increasing gradually to 1.4 at 100 km, and then more slowly

to 1.5 at 140 km. Since a factor x2 change in our model for [CO,] does not
appreciably change our predicted sunlit driven radiance value, it is our preli-
minary inclination to suggest that the absolute radiometer calibration may be
off by a factor 2 so that the data sets Dt and DN may be reduced by a factor
of 2. Communication with D, J. Baker established that such a possibility is

not inconceivable.

Such a reduction of the data by a factor of 2 achieves (l) an excellent

fit of the data D and theory T, for 80 < z S 110 km, (2) allows us to reduce

& 2 +
Ep, to 0.177  ergs/cn” sec of vibration transfer from OH to N, in order
to it O}LN to the night time data DN'

We are not concerned at this time that the ratio Tc/Dt is not constant

for z <= 110 km. To accurately compute S in this region requires an accurate
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COMPARISON OF STATIC AND
H— DYNAMIC CALCULATIONS,
TWILIGHT 3/6/15
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Figure 16, A comparison of static and dynamic calculations, twilight

6 March 1975.
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I T
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Future 4.2 um rocket shots should also have instrumentation to measure
OH airglow, ideally this instrumentation should be designed to measure as
closely as is possible the altitude dependence of the population OH(v) for

each value of v in the range 1 < v < 9.

BT Evaluation of Data Obtained 12 March 1975
On Figure 17 the curve 'I‘C shows our predicted k.3 pm zenith radiance

profile for the upleg of the 12 March 1975 shot which was launched at
T7:48:10.03% UT. Tc is the sum of 3 components, these are the curves labelled
A , OH and A .
n u
The curve A is the component due to absorption of earth shine and

thermal collisions. In order to compute A, we used ASL rocket data obtained
up to z = 60 km (Reference 34), we joined this data smoothly to a 195% March
65 N model mesopause temperature near z = 90 km,

I'he curve OH is a guess for the O}Ftvl N, airglow component of the
co, 4.5 pm radiance appropriate for this event. The value Bn, = 0. 8 ergs/em”
sec was used in computing the OH component. Comparison with the 4.3 um zenith
radiance data will provide a better means for establishing what value is most

appropriate for Eu,w for the 12 March 1975 upleg, we have not as yet secn these

data, however,

The curve A 1is our prediction for the auroral contribution to the
upleg 12 March 1975 4.3 um zenith radiance data. This curve was computed via
our BRIM model. Preliminary scanning photometer red and blue (4278 i) data
taken near upleg penetration were provided by Sears (Reference 40) for input
for the BRIM computation. These data are listed in Table 5 below. These data
have been corrected for attenuation via the averaged model in Reference 32.
Use of the averaged model may have introduced an underestimate in the attenua-
tion correction since total deposition .;l z q that we deduce from preliminary
radar data on n(\(:.) at 7:47 Ul (Reference 41) is nearly a factor x3 larger

than we infer from the blue photometric data. On the other hand the difference
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0 CONCLUSIONS

One of the tasks of our project was to develop the facility to numerically
solve the exact time dependent plane parallel radiation transport equations

the CO, 4.5 pm aurora. We discuss the successful performance of this

in Section 2.0 above. In performing this task we found that inclusicn of

the weak CO, v.. bands has a profound effect on the time dependence

4

tude of CO, 1#.;' pm emission in the altitude region z

is illustrated by comparing the calculation for N,

is profound change

residence time T(z) in which the weak CO, Vv, bands are ignored (this is the
22

ns for T(z)

urve labelled EFA, @, = O on Figure 1) with the calcula

n wvhich the weak CO, v, bands are accounted for, these are the curves
c 2D

labelled EFA, @, and EFA 12 x 12 on Figure 1., Similarly, a s

ion of the CO, 4.3 pm zenith radiance observed at altitudes z 0 ki
1l occur in the weak bands., Results shown on Figures 2 and 3 abov

4 g LT 25 i P sk
rate this point.

was to use the facility to numerically solve the exact

sport (IDT) equation to evaluate the data obtained 24 and 2]

U iependent Gransy
, A . 7] e . > 2 " .
5% [k Pebruary 1974, 11 April 1974, 6 March 1975 and 12 March 1975.
A better fit between 24 March 1973 data and theory in the z < 90 kn
region was achieved by using our improved IDT calculational facility as com-

Ve 4 - v B vt 1 Ao O ~1 v "R z2) M3 o X .
to the fit to those data we had reported previously (CRLO334) which was

d by application of a calculational facility which employed the stationary

ime dependent approximation (STDA) to the TDT formulation., The earlier method

acted the weak CO, v, bands and this was the principal reason that

¢ =<4
better agreement with the data was achieved by our improved TDT facility in

2 > 90 km the fits to the 24 March 1973 data that

the region z < 90 km., For z :

the IDT and STDA facilities were essentially identical as

¢
}

were achieved by

might be expected.
There were no data obtained 24 March 1973 for z < 80 km. Since the really

spectacular effectas of the weak CO, v, bands only begin to show up for > 80 km,
o )
no such spectacular effects were evident in the data. Typically auwroral data

(§]5)




will not manifest these dramatic effects since auroral deposition occurs for
z > 90 km, Absorption by intervening atmospheric CO, of CO,. 4.3 um emission
[ o
in the region of auroral depositions renders the auroral 4,3 pm zenith radiance
for z < 80 km guite weak in comparison to other sources of CO, 4.3 pm zenith
=
radiance in this altitude region. This means that measurements of auroral
k.3 pm COO zenith radiance are not a very cffective way to verify the spec-
tacular effects of the weak CO, v, bands that the TDT theory predicts will
= 7 ol
occur for z < 80 km, For DNA interest, significant energy deposition occurs

in the region z < 80 km as the result of high altitude detonations.

The 27 March 1973 downleg (60 < z < 100 km) data were taken at a place
where no appreciable auroral deposition had occurred in the previous 45 minutes
at least. We used the TDT facility to determine that the feature in these ta
in the 70 to 80 km altitude range (see Figure 5 below) could not be the
decaying remnant of an intense 4.3 pm aurora which may have been present more
than 45 minutes prior to downleg penetration. A similar feature was noted in
evalution of the 11 April 1974 data which were purposefully obtained on an
evening when there was no auroral activity. In analysis of these data we
determined that the mechanism

OH(v) + N, = OH(v-1) + NZ
is probably the mechanism most likely to be responsible for the feature near
80 km which is noted in the 11 April 1974 data and, by inferrence, for the
similar feature noted in the 27 March 1973 downleg data. A total vibrational
energy transfer E, from OH(v) to N, of about 0.078 and 0.22 ergs/cmg sec is
required, respectively, to explain these features in the 11 April 1974 data
and in the 27 March 1973 downleg data.

The 25 February 1974 data were obtained in the presence of an active
moving auroral arc which produced large auroral components of 4,3 um zenith

radiance on both the upleg and downleg.

For evaluation of these data we developed a facility to utilize ground
based scanning photometer blue (4278 k) and rea (6300 %) aata in order to
develop an energy input model (BRIM) appropriate for the upleg and downleg
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penetration points The total column deposition I dz q(z,t’) is at some time
t’ prior to penetration obtained from the absolute magnitude of the blue data
and the approximate altitude dependence q(z,t') is obtained from the red to
blue ratio. Corrections for atmospheric attenuation must be applied to the

ground based photometric data.

In practice, correction of the aeroscl component of attenuation may be
very difficult to apply accurately, Nevertheless, we were able to consistently
model both the upleg and downleg 4.3 um aurora data sets on the basis of
upleg and downleg energy deposit histories q(z,t') constructed via the BRIM
facility. The aerosol corrections to the photometric data were based on an

averaged atmospheric model.

The values 15 € ¢ & 20 (N;/ionization) were necessary to fit both the
upleg and downleg 4.3 pum data. The addition of a component of L.3 um radiance
due ‘to transfer of vibration from OH(v) to N, of about 0.09 < E,_ < 0.14
ergs/cm2 sec resulted in a much better fit to the upleg data than would have
beent achieved for ETv = 0. Due to rocket tipover at z = 85 km on the downleg
we did not attempt to analyze the downleg data for z < 85 km in terms of the

OH(v) V% N, mechanism,

In our discussion of the 25 February 1974 data .we noted a side point with
regard to the possibility of CO? 2.8 pum emission with a long (1 to 5 minute)
response time period and with Ni a8 energy the storage mechanism. To get
within a factor of about 10 of* ;Lat seems to be the required magnitude of
the 2.7 pm radiance requires that the vibration transfer rate constant for

the reactions

‘101 + N kr CO, 100' N
-~ S %

lOEl‘ * * tOEO‘ *

Z,
should be 10”7 larger than for the reaction

co,,

k2 +
co, (oo1) + N, = €O, (000) + K
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It seems unlikely that kf should differ significantly from k_, but the

possibility may warrant further attention.

Next we applied our TDT theory for evaluation of data obtained © March
1975 on two rocket shots, one into the sunlit twilight atmosphere and the
other into the night time dark atmosphere. There was no significant auroral
activity. A consistent evaluation was achieved on the basis of two airglow
mechanisms. One is the OH(v)V% N,
of 4.3 and 2.7 um sunlight by co, followed by emission at 4.3 um. The data

mechanism, Th2 other is the absorption

indicated that the sunlit twilight component of 4.3 pm radiance due to the
OH(v)xx N, mechanism must be about a factor 3 less than the night time

component, in accord with accepted theory for the diurnal dependence of the
OH(v) production. Values of B, 2 .06 and .18 c‘gs/cma sec are reguired in
the sunlit and dark cases respectively. The evaluation indicated that

o

ditions of solar illumination are not changing rapidly enough during high
latitude twilight to produce dramatically evident time dependent effects.
Perhaps solar illumination would vary rapidly enough to produce such effects

in low latitude twilight or in ecliptic conditions.

On 12 March 1975, 4.3 um zenith radiance data were obtained in a
broad diffuse aurora. We used preliminary photometric data as input for the
BRIM model to obtain q(z,t’) for the upleg and then input q(z,t‘) to the DT
computation to obtain a preliminary prediction for the auroral 4.3 um zenith
radiance component of the 12 March 1975 upleg data. We also predicted that

there will be some manifestation of the OH(v)'% N, mechanism in these data.
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