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ABSTRACT

The Cold Arctic Mesopause Project (CAMP) was con-
ducted at Esrange, Sweden, in July/August 1982.
Seven rockets were launched on August 3/4 during a
period of noctilucent cloud {NLC) sighting over
Esrange. A second salvo with three rocket launch-
ings occurred on August 11/12 but without a NLC
sighting. The presence of NLC on August 3/4 was
confirmed by several rocket-borne photometer and
plasma probe profiles. The NLC height was

83+1 km. Before and during the main salvo & high
magnetic disturbance was present with 1.7 db ab-
sorption on the 27 MHz riometer and a -480 nT
north-south magnetic field bay. Accordingly high
positive ion densities of 2.5x10%cm™? at 90 km and
1.6x10%cm™3 at 80 km were measured in the lower
ionosphere. The temperature measurements showed,
that their profiles in the stratosphere and lower
mesosphere were near the expected values as pre-
dicted by high latitude summer models. At altitu-
des between 83-94 km a wave structure with three
temperature minima of 139 K, 114 K and 111 K was
observed. The 138 K temperature minimum was loca-
ted at the height of the observed NLC. Positive
and negative ion composition measurements were
obtained from four rocket flights. Atomic oxygen
was measured in both salvoes between 65-135 km
using resonance fluorescence and absorption at 130
nm. Nitric oxide densities could be inferred from
positive ion composition measurements.
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INTRODUCTION

The mesosphere at high latitudes in summer is
known to possess the highest clouds of the earth
atmosphere, named noctilucent clouds (NLC). Appea-
rances of NLC and their properties have been the
subject of numerous investigations in the past.
The formation of NLC in the summer arctic mesos-
phere is associated with a region having the

coldest atmospheric temperatures and regions of
super saturated water vapor. The extremely low
temperatures of the summer mesopause at high
latitudes reflect the special dynamical state of
this region. The cooling of the mesosphere is the
result of upward vertical air motion in the polar
middle atmosphere, which causes adiabatic cooling
of the mesosphere. In addition, the relative lack
of wave dissipation in summer reduces the
stratospheric and mesospheric heating and the
downward transport of thermospheric minor
constituents, especially atomic oxygen, nitric
oxide and carbon monoxide.

During the last eight years two rocket campaigns
have been performed at Esrange (lat 67.9N, long
21.4E). The rocket campaigns were instrumented for
a study of several atmospheric properties neces-
sary to describe the NLC. In the first campaign
(NLC 1978) the first rocket salvo {July 30, 1978
/1/) gave new information on the chemistry of the
summer arctic mesopause and on the formation me-
chanism for NLC particles by ion nucleation. The
second campaign, which took place in summer 1982
at Esrange, was part of the MAP project CAMP (Cold
Arctic Mesopause Project), /2,3/. The rocket mea-
surements in CAMP were supported by ground based,
airplane and satellite remote sensing experiments.
0f special importance for CAMP was the UV-back-
scatter experiment on the SME satellite /4/ which,
during summer 1982, gave a continuous survey of
the polar mesospheric clouds (PMC) at NLC heights
over the summer polar cap region. The rocket borne
techniques in CAMP included optical photometers to
detect NLC particles, mass spectrometers for posi-
tive and negative ion species, high resolution
electron and total positive ion probes, accelero-
meter measurements of density, temperature and
wind, chemical release wind measurements, ioniza-
tion rates from solar and particle sources, and
minor species such as atomic oxygen and argon.

In this paper a selection of rocket and ground
based measurements at the time of the first salvo
(3/4 Aug) in CAMP will be presented (Table 1).
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Table 1: Selected Measurements of CAMP in Salvo A, Aug 3/4 1982

Rocket Instrument Parameter Date Time Experimenter
Payload (uT)
EISCAT Vertical Wind Aug 2 23.00 F. Bertin
CAMP-P Mass Spectrometer Positive lon Composition  Aug 3 23.32  E. Kopp
CAMP-P lon Probes Positive Charge, Aug 3 23.32 L.G. Bjorn
Aerosol
SOAP 1 Photometer NLC-height Aug 3 23.49 G. Witt
Lyman-a Temperature
SOAP 1 Resonance Atomic Oxygen Aug 3 23.49 P.H.G. Dickinson
Fluorescence G. Witt

p235K Resonance Atomic Oxygen Aug 4 00.05 P.H.G. Dickinson
Fluorescence
TAD Active Falling Sphere  Temperature, Density, Aug 4 00.16 C.R. Philbrick
Wind Velocity, Turbu-
lence, Waves
SU-LO Thermistor Temperature Aug 4 00.31 C.R. Philbrick
MEASUREMENTS positive ion probes was 83+1 km. This salvo was

Measurements in CAMP were obtained from a total of
ten rocket payloads launched in two salvoes. The
main salvo (salvo A) with seven rockets started at
23.02 UT on August 3 and the smaller salvo (salvo
B) with three rockets began at 23.30 UT on August
11, 1982. Details of the different payloads and
instruments have been published by Bjorn (1984)
/2/. Salvo A was launched into a developed and
stable NLC display observed from the spotter air-
craft 500 km south of Esrange over the period of
the seven rocket launches. The altitude of NLC
observed with rocket borne photometers and
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Fig. 1. North-south magnetic field deviation re-
corded at Esrange during salvo A of CAMP, Aug 3/4.
The times of the launchings of the different pay-
loads are indicated by vertical bars.

launched only a few days after a major solar pro-
ton event, which had caused much larger electron
and ion densities than originally anticipated.
Fig. 1 and Fig. 2 give measurements of the north-
south magnetic field and the riometer absorption
at 27 MHz in Kiruna during salvo A on Aug 3/4.
High electron densities of 5x103cm 3 at 80 km and
3x105cm™3 at 100 km were measured as a consequence
of the high jonization rate. The advantage of the
high ionization was the good signal/noise ratio
obtained with incoherent scatter radar echoes from
EISCAT (the European Incoherent Scatter Radar at
Tromsd, Kiruna and Sodankyld), which made the
measurement of vertical wind velocities possible.
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Fig. 2. Esrange 27 MHz riometer absorption recor-
ded at Esrange during salvo A of CAMP, Aug 3/4.
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Six optional photometers were used on the payloads
CAMP-N, CAMP-P and the SQAP (Selective Optical
Atmosperic Probe) payloads in salvo A for the
detection of the NLC layer. Fig. 3 gives the
intensity of the scattered sunlight as measured
with a photodiode sensor in the visible wavelength
range. The photodiode had a narrow field of view
to the side of the payload. Two curves are shown
with different rocket spin phase angles. The
enhancement above the normal Rayleigh scattered
light of the background atmosphere at 81-83 km
originated from the presence of visible NLC
particles. The other photometers on CAMP-P and
CAMP-N have also detected the scattered light from
the NLC layer at similar heights. On the CAMP-P
payload the positive charge density was measured
with a spherical probe consisting of an inner
sphere with 1.7 cm and an outer grid with 4 cm
diameter, respectively. The grid was biased with
-5V relative to the rocket ground and the accele-
rating potential between grid and sphere was 10V.
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Fig. 3. The intensity of visible radiation detec-
ted by a side looking photodiode photometer on
SOAP 1 rocket payload as a function of altitude.
The two profiles were obtained at two selected
rocket spin phases. The large signals found at
§2.6. km are diagnostics of NLC.

The derived positive charge density in Fig. 4 has
been calibrated against the electron density
measurement at about 95 km from the propagation
experiment on the same payload. The ascent and
descent profile of the boom probe in Fig. 4 is
scaled down by a factor of ten for better
comparison with profiles from the current to the
conical tip of the mass spectrometer. This indica-
tes the total positive charge impinging on the
outer surface. The bias of the unquarded MS-tip
probe is -3V on rocket ascent and -10V on descent.
The surface area of the tip probe is approximately
50 cm?. This probe was flown on the same payload
as the boom probe (CAMP-P). It reveals a distinct
positive charge layer at the height of NLC during
rocket descent (e.g. Fig. 4). The fact, that this
layer is not observed with the boom probe sug-
gests, that this layer is caused by positively
charged aerosols of unknown size, for which the
boom probe has a much Tower cross section.
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Fig. 4. Positive charge density profiles measured
on CAMP-P payload. The density derived from the
gridded boom probe is divided by 10. The positive
charge density derived from the current of the
open conical shaped tip probe of the mass spectro-
meter reveals a distinct layer on the rocket des-
cent at an altitude of 83.0 km.

The cross section presented to the positive char-
ges entering the grid on the boom probe is mass
and mobility dependent. The current to the inner
sphere on the boom is mostly attributed to the
standard ions in the mass range 10-100 u. The
cross section for heavy ions and charged aereosols
is much larger on the MS-tip probe. A contribution
of photoemission at both probes by Lyman-a radia-
tion is possible {1 and 5x1071%A, respectively at
85 km altitude). The observed increase of positive
charge current on descent of CAMP-P is, however,
not explainable by an enhancement of the photoe-
misssion from scattered Lyman-a at NLC-particles
with a Zenit angle y = 94°, The reason that posi-
tively charged aerosols can exist, can only be
explained with a faster photodetachment process
compared to the time for electron loss by attach-
ment to these particles in the sunlit polar mesos-
phere. The photodetachment cross section depends
on the particle size and the nature of the aero-
sols (heterogeneous or homogeneous particles) and
it is therefore quite possible that zones with
mainly negatively charged aerosols can also exist,
even in a sunlit mesosphere.

In situ measurements of temperature were made in
salvo A using measurements of density by falling
accelerometer sphere /5/, bead termistor measure-
ments of temperature /6/ and scale height tempera-
ture measurements from absorption of Lyman-a sun-
1ight and EISCAT /15/. The four temperature pro-
files are given in Fig. 5. The temperature profile
of the stratosphere obtained from the meteorologi-
cal Super-Loki flight {Su-Lo) is in good agreement
with the Air Force Reference Atmosphere for 75°N
and August /7/. The temperature profile between 55
and 120 km of Fig. 5 was derived from the high
resolution density measurement of the triaxial
accelerometer on the TAD payload.
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Fig. 5. Comparison of four temperature profiles
obtained during the NLC display on 3/4 August in
salvo A.

The wave structure between 80-100 km has three
temperature minima, 139 K at 83.5 km, 119 K at
89.4 km and 111 K at 93.6 km altitude. The first
minimum is located at the NLC height. The tempera-
tures of the two latter minima are significantly
lower than any which have been previously measured
in the atmosphere. The lowest temperatures pre-
viously measured at the summer high latitude meso-
pause over Pt. Barrow (71°N) /8/ with grenades
were 130-140 K. The grenade technique did not have
sufficient altitude resolution to resolve tempera-
ture structures of 5-7 km vertical wavelength as
observed in CAMP at the mesopause. A temperature
profile determined from integrating the profile of
the molecular absorption UV-measurement (Lyman-a)
on the SOAP payload was obtained between 90 and
100 km (e.g. Fig. 5). The temperature from the
Lyman-a technique is derived assuming hydrostatic
equilibrium and does not have sufficient height
resolution to resolve the temperature wave obser-
ved with the triaxial accelerometer. The results
of the Lyman-a measurement gave a temperature
minimum of about 120 K in the vicinity of 93 km.
The mean temperature profile obtained from the
width of the incoherent scatter spectra (EISCAT)
agrees with the average temperature from the tria-
xial accelerometer in -the height range 68-90 km.

The wave structure found in the temperature pro-
file is much more pronounced in the zonal wind
velocity of Fig. 6. The mean zonal wind, as deter-
mined from the triaxial accelerometer on the TAD
payload, is westward below 94 km and eastward
above, in good agreement with the models /9/ and
ground based radar measurements /10/. A well
developed gravity wave with five vertical wave-
lengths was measured in the zonal wind at 65-98 km
with a mean vertical wavelength of 7.5 km. The ex-
ponential growth of the amplitude with increasing
height is evident only at heights below 70 km. The
gravity wave above 70 km is affected by dissipa-
tion by 5 turbulent layers found at 75.5 km, 79.5
km, 86.5 km, 89 km, and 93 km. The presence of
five turbulent layers is seen in the calculated
profile of the potential temperature derived from
the accelerometer temperature measurements of
salvo A. The negative gradient of the potential
temperature (e.g. Fig. 6) indicates dynamically
unstable layers. The region 75-93 km with five
turbulent layers is typical of the height region
where the MST radar echoes above Poker Flat have
maximum signal to noise ratios in summer /11/.

©, POTENTIAL TEMPERATURE (K)

5x10% 0* 5x10°
e ——— ————————t

E
=
Lt 3
Q
2 CAMP 182
= 3 AUG
-« KIRUNA
" 1 2 L " 1 1 1 2, J e i 1 i 1 1 1
~200 200 0 100

u,WEST-EAST WIND (m/s)

Fig. 6. Profiles of the potential temperature and
zonal wind velocity measured with the triaxial
piezoelectric accelerometer on the TAD payload in
salvo A. 5 regions with negative potential tempe-
rature gradients indicate the presence of turbu-
lent Tlayers.

Vertical wind amplitude measurements are available
from the EISCAT measurement on Aug. 2 around 2300
UT the evening before salvo A was launched (Fig.
7). Error bars and relative time in minutes with
respect to 2300 UT are marked at each measured va-
lue. The measurements by EISCAT were made in the
bistatic mode. By using the envelope around the
measured wind velocities, an amplitude range of

b m/s can be estimated for the vertical wind per-
turbation w'. In Table 2 a set of the relevant
gravity wave parameters is given. A horizontal
wavelength of about 45 km is calculated from the
ratio of horizontal (30 m/s) to vertical (5 m/s)
wind ampiitude and the vertical wave length of
about 7.5 km.
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Fig. 7. Vertical wind velocities measured in the
evening of Aug 2, with EISCAT. The minutes rela-
tive to 2300 UT and the error bars are indicated
on the measured value. The amplitude of the verti-
cal wind perturbation w' is about 5 m/s. The sign
of the wind velocities is arbitrary and is not
associable to upward or downward transport.

Table 2: Gravity Wave Parameters of Salvo A in
CAMP, Aug 3/4

Parameter Measurement Experiment
Zonal Wind u' = 30 m/s Active Falling
Sphere

Vertical Wind w' = 5 m/s EISCAT
Vertical Wave- = 7.5 km Active Falling
length AZ Sphere EISCAT
Horizontal Wave- = 45 km u'/w' = AX/AZ
length X

X
Wave Period = 30 min EISCAT

Fig. 8 gives the result of two atomic oxygen mea-
surements in salvo A of CAMP. The measurements
were obtained by using rocket borne UV resonance
lamps /12/. On the Petrel (P235K) payload measure-
ments were made of resonance fluorescence and ab-
sorption using the 0I(3P.-35;) triplet at 130 nm.
The experiment on SOAP payload measured resonance
fluorescence only. The Petrel ascent profile shows
the atomic oxygen concentration over the full al-
titude range 60-140 km (e.g. Fig. 8).
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Fig. 8. Atomic oxygen concentrations measured in
salvo A by resonance fluorescence and absorption
at 130 nm (Petrel) and resonance fluorescence
(SOAP). The ascent profile of the Petrel experi-
ment covers the full height range. The descent
part of the Petrel is scaled up in concentration
normalized to the Petrel profile at about 90 km is
shown with a concentration scaled down by a factor
of two. At NLC heights (indicated with markers)
all three profiles have minimum counts.

The descent part of the Petrel measurement is sca-
led up by a factor of two. The measurement from
the SOAP payload is only shown below 90 km, with a
factor of two reduction in concentration for bet-
ter separation of the profiles. The SOAP profile
was normalized to the Petrel profile at 90 km.
Above 90 km the atomic oxygen concentration on
SOAP and on descent of Petrel were perturbed by
vehicle related effects and are not given in Fig.
8. At the altitude of NLC all three oxygen profi-
les have a count minimum. A possible local enhan-
cement of the water vapor and the odd hydrogen
mixing ratio at the NLC height caused from the
evaporation of water ice, could explain the de-
pression of atomic oxygen by reactions:

0+0H »H +0, (1)
0 + HO, » OH + 0, (2)
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If the reactions (1) and (2) of atomic oxygen with
odd hydrogen species are the dominant loss proces-
ses in the vicinity of NLC an increase of the odd
hydrogen concentration of a factor of 2-3 would
have been present during CAMP at the NLC height.
The atomic oxygen concentration had a density de-
crease from 1012cm™3 at 94 km to a very low value
of 6x10%cm 3 at 84 km. This gradient can be attri-
buted to chemical loss reactions with odd hydrogen
and weak vertical transport from the thermosphere
to the mesosphere. The different Tayers with
stable and unstable dynamical behavior and va-
riable mixing ratios of water vapor and odd hydro-
gen were probably responsibie for some of the
small scale structures observed in the atomic
oxygen profile.

Fig. 9 gives the profiles of positive ions measu-
red on the ascent of the CAMP-P payload with the

magnetic ion mass spectrometer /13/. The jons were
sampled through an orifice of 2 mm diameter at the
apex of the conical shaped MS-tip at an attracting
potential of -3V on ascent and -10V on descent. A
mass range of 14-280 u was analyzed. The absolute
positive ion densities were determined by normali-
zing at 90-95 km to the electron density measured

on the same payload by the propagation techngiue.

At the NLC height the total proton hydrate density
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Fig. 9. Positive ion density profiles measured on
ascent of CAMP-P payload in salvoe A. The absolute
densities were normalized to the electron density
measured by propagation experiments on the same
payload at 90-95 kp. The megsured density profiles
of cluster ions 0, X and NO X are not shown. At
the NLC height, the proton hydrate concentrations
were largest and also the highest order proton
hydrate density - H (H,0), was measured.

reached its maximpum value. The highest order pro-
ton hydrates - H (H,0); - were also measured at
82-83 km altitude. The narrow depression of the
metal ion density profile at 94 km altitude is at
the height of the sharp zonal wind reversal {e.g.
Fig. 6). The depression may be caused by the
combined effect of the zonal wind shear and the
small horizontal component of the earth magnetic
field, causing vertical migration of the ions away
from the shear height. The positive ion composi-
tion measurement was used to infer the nitric oxi-
de concentration in Fig. 10+above 91 km, the
height where the loss of 0, with NO in the reac-
tion

0,7 + N0 » NOT 4+ 0, (3)

is not negligible /14/. The nitric oxide concent-
ration decreases, from 8x108cm™3 at 100 km to
2.5x107c¢cm™3 at 90 km. The steep NO gradient is
explained, like that as for the atomic oxygen, by
weak vertical transport from the thermosphere to
the mesosphere and additional chemical loss with
odd hydrogen in reaction.

NO + H02 + OH + NOZ (4)
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Fig. 10. Nitric oxide concentration inferred from
the positive ion composition measurements on
CAMP-P in salvo A.

CONCLUSIONS

At the observed height of visible NLC (831 km)
several features as summarized in Table 3 were
observed: local loss of atomic oxygen, a local
temperature minimum, positively charged aerosols
and a large concentration of proton hydrates
including the highest order of proton hydrate.

In situ temperature and wind measurements and
EISCAT vertical wind measurements revealed five
thin layers of turbulence in the mesosphere bet-
ween 75 and 93 km and the presence of a gravity
wave with a vertical wavelength of 7.5 km. The
observed turbulent layers will dissipate the gra-
vity waves. The region of wave dissipation is
shifted from 50-70 km in winter to 75-90 km alti-
tude range in summer.
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Table 3: Events at the NLC-height

Payload Parameter Altitude
CAMP-p Positively Charged} 83.7 km Ascent
Aerosol Layer 83.0 km Descent
Highest Order and 82 + 0.5 km
Maximum Density of
Proton Hydrates
SOAP 1 NLC-Photometers 82.4 km lower NLC
83.0 km upper NLC
0-Density Depression 83.3. km
Petrel 0-Density Depression 83.0 km Ascent
and Descent
TAD First Temperature 83.5 km

Minimum

The decrease of atomic oxygen and nitric oxide
density at the summer high latitude mesopause
indicates the transition from a region above where
the Tifetimes are determined by transport to the
region below with much lower chemical lifetimes
for 0 and NO compared with the time scale for
downward transport from the thermosphere.
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