
Bulg. J. Phys. 34 (2007) 116–127

Lyman-alpha Detector Designed for Rocket
Measurements of the Direct Solar Radiation at
121.5 nm

V. Guineva1, G. Witt2, J. Gumbel3, M. Khaplanov3, R. Werner1,
J. Hedin3, S. Neichev4, B. Kirov5, L. Bankov1, P. Gramatikov4,
V. Tashev1, M. Popov1, K. Hauglund6, G. Hansen6, J. Ilstad6,
H. Wold6

1Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Stara
Zagora Department, P.O.Box 73, 6000 Stara Zagora, Bulgaria

2Department of Earth Sciences, The Hebrew University, Jerusalem, Israel
3Atmospheric Physics Group at the Department of Meteorology, Stockholm Uni-
versity, S 10691 Stockholm, Sweden

4Space Research Institute, Bulgarian Academy of Sciences, 6 Moskovska Str.,
1000 Sofia, Bulgaria

5Solar-Terrestrial Influences Laboratory, Bulgarian Academy of Sciences, Acad.
Georgi Bonchev Str., Block 3, 1113 Sofia, Bulgaria

6Andøya Rocket Range AS, P.O.Box 54, N-8483 Andenes, Norway

Received 5 May 2007

Abstract. Rocket measurements of the direct Lyman-alpha radiation penetrat-
ing in the atmosphere were planned during the HotPay I rocket experiment, June
2006, Project ASLAF (Attenuation of the Solar Lyman-Alpha Flux), Andøya
Rocket Range (ARR), Norway. The basic goal of ASLAF project was the study
of the processes in the summer mesosphere and thermosphere (up to 110 km), at
high latitudes using the Lyman-alpha measurements. The resonance transition
2P-2S of the atomic hydrogen (Lyman-alpha emission) is the strongest and most
conspicuous feature in the solar EUV spectrum. Due to the favorable circum-
stance, that the Lyman-alpha wavelength (121.5 nm) coincides with a minimum
of the O2 absorption spectrum, the direct Lyman-alpha radiation penetrates well
in the mesosphere. The Lyman-alpha radiation is the basic agent of the NO
molecules ionization, thus generating the ionospheric D-layer, and of the water
vapour photolysis, being one of the main H2O loss processes.

The Lyman-alpha radiation transfer depends on the resonance scattering from
the hydrogen atoms in the atmosphere and on the O2 absorption. Since the
Lyman-alpha extinction in the atmosphere is a measure for the column density
of the oxygen molecules, the atmospheric temperature profile can be calculated
thereof.
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The detector of solar Lyman-alpha radiation was manufactured in the Stara
Zagora Department of the Solar-Terrestrial Influences Laboratory (STIL). Its
basic part is an ionization chamber, filled in with NO. A 60 V power supply is
applied to the chamber. The produced photoelectric current from the sensor is
fed to a 2-channels amplifier, providing an analog signal.

The characteristics of the Lyman-alpha detector were studied. It passed success-
fully all tests and the results showed that the instrument could be used in rocket
experiments to measure the Lyman-alpha flux.

From the measurements of the detector, the Lyman-alpha vertical profile can be
obtained. The forthcoming scientific data analysis will include radiative transfer
simulations, O2 density, atmospheric power and temperature profiles retrieval
as well as comparison with other parameters, measured near the polar summer
mesopause and study of the processes in this region.

The ASLAF project was a scientific cooperation between STIL-BAS, Stara
Zagora Department, the Hebrew University, Jerusalem, Israel, and the Atmo-
spheric Physics Group at the Department of Meteorology (MISU), Stockholm
University, Sweden. The joint project was part of the rocket experiment HotPay
I, in the ALOMAR eARI Project, EU’s 6th Framework Programme, Andøya
Rocket Range, Andenes, Norway.

The project is partly financed by the Bulgarian Ministry of Science and Educa-
tion and an EOARD grant.

PACS number: 92.60.Vb

1 Introduction

The Lyman-alpha (Lα) radiation is of great importance to the atmosphere. It in-
fluences all the processes in the mesosphere and near the mesopause. The object
of this paper is to describe an instrument, the Lyman-alpha detector (ASLAF)
designed for measurements of the direct Lα radiation penetrating in the atmo-
sphere, during the HotPay I experiment. The HotPay project is a part of the
ALOMAR (Arctic Lidar Observatory for Middle Atmosphere Research) eARI
Project of Andøya Rocket Range (ARR), Andenes, Norway, through EU’s 6th

Framework Programme. Two rocket launches have been envisaged: HotPay I
and II. Studies of the middle atmosphere in the 60–110 km altitude range (Hot-
Pay I) and of the ionosphere and the aurora up to 300 km height (HotPay II)
have been planned. A number of projects has been approved for the two rocket
launches. The project ASLAF (Attenuation of the Solar Lyman-Alpha Flux)
was one of these projects. It has been approved for the summer launch Hot-
Pay I. ASLAF was a joint project, based on the scientific cooperation between
the Solar-Terrestrial Influences Laboratory (STIL), Bulgarian Academy of Sci-
ences, Stara Zagora Department and the Atmospheric Physics Group at the De-
partment of Meteorology (MISU), Stockholm University, Sweden.
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The HotPay I was launched July 1st 2006, with a selected group of European
scientific instruments onboard. The rocket caught unbalance and broke apart the
rocket motor/payload section at flight time about 7–8 seconds. The payload fell
in the ocean about 80 s. later. An external investigation was performed by DNV
(Det Norske Veritas). The analyses showed that the joint between the rocket
motor and the payload was weak. But housekeeping systems performed well and
TM information was received from all instruments during the shortened flight.
The payload was well balanced. A repetition of the HotPay I rocket experiment
would give a chance to use the newly developed detector and to complete the
scientific program.

2 Peculiarities of the Lyman-alpha Radiation

The basic goal of ASLAF was the measurement of the direct solar Lα radiation.
The resonance transition 2P-2S of the atomic hydrogen (Lyman-alpha emission)
is the strongest and most conspicuous feature in the solar EUV spectrum. It is
one of the main characteristics of the solar radiation together with F10.7 MHz
and, therefore, it is the object of regular satellite and rocket measurements [1-5].

Due to the favorable circumstance that the Lyman-alpha wavelength coincides
with a minimum of the O2 absorption spectrum, the direct Lyman-alpha radia-
tion penetrates down to altitudes around 70 km for zenith sun [4,6].

Due to the relatively high intensity of the Lα emission and its comparatively
deep penetration in the earth atmosphere it is the main source of energy de-
posited in the mesosphere. Therefore, the knowledge of the Lα radiation and
its variation is important for many investigations of the middle and upper atmo-
sphere [5,7]. The Lα study leads to a better understanding of the chemistry in
the region mesosphere – low thermosphere, including new chemical processes
and transport mechanisms in the models. Lα influences the atmospheric struc-
ture and especially the D-region, allowing the determination of the H content in
the atmosphere [6,8].

Frequent in situ measurements of the Lα profile are necessary so as to under-
stand all occurring processes in detail. For example, the origin and the structure
of the noctilucent clouds (NLC), typical for the summer mesosphere at high lat-
itudes are not yet fully clarified. It has been proposed that these clouds are the
indicators of long-term changes in the upper atmosphere [9]. The vertical struc-
ture of NLC, the dynamics, concentration and dimensions of the ice particles
inside them are investigated [10]. The generation, the evolution and the eventual
sublimation of NLC, taking into account the influence of the solar Lα radiation,
have been modelled and their influence on the chemistry of O2, O3 and H is
studied by Murray and Plane [11]. The influence of the mesospheric ionization
level, connected with the changes of the solar Lα radiation and the precipitat-
ing particles has been studied. The Lα change during the solar cycle together
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with the increase of methane in the atmosphere leads to long-term changes in
the water vapour content in the mesosphere [12].

The Lα attenuation in the earth atmosphere is modelled for different seasons
and geographical latitudes, taking into account different processes: the O2 ab-
sorption and its temperature and wavelength dependence, the multi-resonance
scattering from atomic hydrogen and the related Doppler effect by Reddmann
and Uhl [13].

Rocket sounding is the basic method to study the mesosphere and the low ther-
mosphere. The aerodynamic effects in rocket flights have been modelled and
investigated by Gumbel [14] in order to avoid errors in the rocket in situ mea-
surements, due to perturbations, as a result of the gas flux around the rocket.

Using rocket observations of the attenuation of the solar Lα radiation, registered
by ionization chambers, the pressure, density and temperature in the mesosphere
can be derived by traditional methods [15-18].

The interaction of the Lyman-alpha radiation with the atmospheric constituents
ionizes the NO molecules, thus giving rise to the ionospheric D-layer and pro-
duces the water vapour photolysis, one of the main H2O loss processes. The
Lyman-alpha radiation transfer depends on the resonance scattering from the
hydrogen atoms in the atmosphere and on the O2 absorption. Since the Lyman-
alpha extinction in the atmosphere is a measure for the column density of
the oxygen molecules, the atmospheric temperature profile can be calculated
thereof.

The importance of the Lα penetration in the thermosphere and mesosphere as a
main source of energy input and its connection with the O2 concentration and
the temperature as well with all processes in these regions was known long ago.
At the same time, lots of ambiguities in our concepts for the chemical and phys-
ical processes in the mesosphere, low thermosphere and, in particular near the
mesopause, have been found out. Such not fully clarified questions are, for ex-
ample, the influence of Lα on the trace gases, the role of CO2 and CH4 on the
temperature distribution, the origin and structure of NLC and the properties of
their constitutive ice particles [6,9,12,19-21]. That is why the Lα measurements
and the study of the middle atmosphere processes are important features to be
investigated.

3 Launch Parameters and Conditions of HotPay I

The launch parameters and conditions were specified, depending on the require-
ments of the separate experiments. The basic directions are presented in Fig-
ure 1. The launch direction was 6 ˚±1 ˚ zenith angle (ZA) (elevation 84 ˚±1 ˚ )
and 340 ˚ azimuth angle (AA) (20 ˚ westwards from North direction). The
apogee was targeted to 110 km. Nosecone release was foreseen at about 60 s af-
ter the launch, and boom release – at about 62 s. After that the instruments were
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Figure 1. Sketch of the expected directions through the flight.

fixed and the measurements could be performed. A spin rate of 4 till 4.5 rps
around the rocket longitudinal axis and a coning around the launch direction
with maximum 10 ˚ half angle, preferably < 5 ˚ were planned (Figure 1).

The launch period lasted from June 27 till July 6 2006. The launch window was
8÷15 UT or 10÷17 LT. During the entire launch period the Sun position was ex-
pected to be in the range of 46÷60◦ ZA (marked in Figure 1) and 150÷210◦ AA.

Other launch conditions desired for the overall experiment were the presence of
clear sky, NLC, PMSE, and coronal mass ejection. All ALOMAR instruments,
EISCAT radar and Faraday transmitters had to be in operation.

4 Principal Scheme and Functioning of the Solar Lyman-alpha De-
tector

The solar Lyman-alpha detector was designed to record the direct solar radiation
flux in the EUV, at the Lα wavelength range, from 50–60 to 110 km. After
a preliminary agreement, the measuring device was manufactured in the Stara
Zagora Department of STIL. A work model and a flying one were produced.
The principal scheme of the instrument is shown in Figure 2. The EUV solar Lα

detector has 3 basic parts: a sensor, electronics and a power supply. The sensor
is an ionization chamber. The electronics included a pre-amplifier and a 2-stage
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Figure 2. Principal scheme of the Lyman-alpha detector.

amplifier. The ionization chamber was filled with NO. Its window let pass the
radiation, which was of interest to us. The working voltage was applied to the
central electrode-collector. The role of the other electrode was executed by the
chamber walls. Lα ionized NO and due to the existing potential a weak current
was produced. This current was amplified many times in the pre-amplifier and
passed through the amplifier, where it got amplification with different coefficient
in the different stages (×1 and ×10). Finally the analog signal was fed to the
telemetry as voltage in the range 0–5 V. Two additional channels to monitor the
temperature and the power supply to the chamber were foreseen except the two
data channels. The role of the power supply was to transform and fed the needed
power supply to the ionization chamber and the electronics plates.

4.1 Ionization Chamber

The ionization chamber is the basic element of the Lα detector. The principal
structure of similar ionization chambers for the UV region is described, for ex-
ample, in [16,22-24]. In our experiment, an ionization chamber of the Artech
Corporation was used of the same kind as the one which turned to be efficient
in the Thrane experiment [16]. The cell was made from copper. Its weight was
about 50 g, and its maximal dimensions were diameter 30 mm, length 36 mm,
and full length with the gas-filling tubule (32 mm) – 68 mm. It was furnished
with MgF2 window of 8 mm diameter and filled with NO. The spectral sensitiv-
ity of such chambers extends from 105 nm to 135 nm with a quantum efficiency
Q of 40÷60% for voltages 25÷150 V.

The choice of the ionization chamber position was made in accordance with
the launch parameters. It was decided the angle between the chamber and the
vertical rocket axis to be 55 ˚ , thus anticipating best illumination from the Sun.
In Figure 1, the central optical axis of the sensor towards the central payload
launch direction, and the end optical axis position in South direction, are drawn
with thicker arrows.
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Figure 3. Current through the ionization chamber, registered at different conditions –
power supply and NO pressure.

Measurements have been carried out at MISU to specify the properties of the
ionization chamber and to estimate the available power supply and NO pressure.
A H-lamp was used as Lα source. The obtained current through the ionization
chamber at different conditions – power supply and NO pressure at the same Lα
flux, is shown in Figure 3. The NO pressure, corresponding to optical depth 1,
was theoretically evaluated 10 mb. Work values U = 60 V and p = 20 mb
were chosen. The produced current at 60 V was stable towards changes in the
power supply. Possible changes of ±1 V in the power supply were agreed. It
was estimated, that at pressure 20 mb of the NO gas 86% of the penetrated Lα
radiation in the chamber must be absorbed. At the chosen incident radiation, and
U and p values the produced current reached nearly the maximal possible value.

4.2 Electronics

The electronics amplifier had to possess high quality characteristics: high sensi-
tivity, high amplification coefficient, large dynamic range, high transformation
accuracy and good stability against temperature changes.

The current from the ionization chamber passed through a jointly-fixed low-
noise pre-amplifier. It was situated close to the ionization chamber in order to
avoid the hum noises.

The maximal photoelectric current to measure at the atmospheric boundary was
evaluated to be 20 nA [16]. We decided a maximal measurement current of
15 nA in the electronics design. This value corresponds to the current at the
border of the atmosphere, direct Sun, and Q = 60% of the ionization chamber.
We assumed that with this value the instrument wouldn’t reach saturation and
could be calibrated in absolute units using simultaneous satellite measurements
of Lα outside the atmosphere.
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The range 0–15 nA could be covered by a single channel thanks to the contem-
porary electronics elements. We decided to use 2 channels (2-stage amplifier) in
order to register in detail the weaker signals. The amplifications were ×1 for the
15 nA channel and ×10 for the 1.5 nA one. The two channels worked simulta-
neously and transferred analog signal in the range of 0–5 V to the TM. A mea-
surement frequency of 1000 Hz was envisaged. Besides, two sub-commutated
channels to monitor the sensor conditions: the power at the chamber (60±1 V)
and the temperature, were included.

4.3 Power Supply

The power supply satisfied the following requirements: it kept its full work
ability at changes of the internal board power from 20 to 34 V, the nominal
board power being 28 V; ensured stabilized secondary voltages and currents:
+6 V/25 mA, -6 V/25 mA and +60 V (±1 V)/1 mA; the starting current am-
plitude in the board circuit did not surpass 3 A; ensured galvanic denouement
between the board circuit and the secondary voltages.

5 ASLAF Position in Payload, Design and Dimensions

Most of the instruments included in the HotPay I project, were foreseen to be
positioned in the nosecone, on the top deck. The Lyman-alpha detector ASLAF
was on the nosecone deck, too.

The mechanics and electronics of the instrument were designed in such a way as
it fitted well and completely in the small remaining free space in the nosecone.
The mechanics and electronics design of the Lyman-alpha detector were made
simultaneously and coordinated.

Figure 4. Final design of the Lyman-alpha detector.
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The Lyman-alpha detector ASLAF has a complicated form with maximal di-
mensions 105× 60× 90 mm and weight 498 g. The final appearance of ASLAF
is presented in Figure 4.

According to the final design of ASLAF, the instrument body was produced from
monolithic piece of aluminium, ensuring maximal strength of the construction.
The whole instrument, including the amplifier and the power supply, was hold
in one box in the purpose to avoid the noise. The box form was chosen in such
a way, that the whole free space of the circle (the upper deck) was used. The
ionization chamber was situated perpendicularly to the neighbour instrument
SLAM, under 55 ˚ towards the vertical rocket axis. This assured 180 ˚ field of
view and the maximal possible illumination by the Sun at every rocket spin. The
components inside the instrument body were situated in such a way, that the out-
put of the ionization chamber was connected directly to the entrance of the elec-
tronics amplifier in order to avoid the induced noise. The electronics plates were
shielded, grounded and electrically isolated from the instrument body to avoid
external noise. The ionization chamber was isolated from the plates shields and
the instrument body, too.

A work and a flying model of the Lyman-alpha detector ASLAF were produced.
The work model was used for the first test and calibrations, and conclusions how
to improve its parameters were taken. The decisions were applied to the flying
model, and very good results were obtained.

6 Characteristics of the Lyman-alpha Detector

The ionization chamber is sensitive to the incidence angle of the radiation, the
window effective surface being proportional to the cosine of the angle to the Sun.
A maximal output is obtained, when the window is fully illuminated, and the
optical axis points straightaway to the Sun. The dependence of the instrument

Figure 5. Dependence of the measured signal on the incident radiation angle for both
ASLAF channels. The obtained fitting curve is drawn in.
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response on the angle of radiation incidence was studied. The obtained result is
shown in Figure 5. The dependence is symmetric towards the perpendicular to
the chamber window and one and the same for both channels. It is wider than a
Gauss curve. A curve, fitting well the obtained dependence was constructed as
the sum of two Gauss curves displaced one towards the other:

y =
e−a(x−b)2 + e−a(x+b)2

c
.

The relative error using this curve for measurement analysis was obtained. It
does not exceed 4% up to ±50 ˚ and 10% up to ±70 ˚ .

The Lyman-alpha detector response to the H lamp emission was studied. Linear
signal depending on the emission intensity was obtained from both channels.
The signal ratio could be considered 10.6 from 30 mV to 4.2 V in the channel
1.5 nA range.

The dependence of the measured voltage on the flown electric current was linear
for both data channels and constant signal ratio was obtained. The results are
shown in Figure 6.

The bias signal was very low: practically 0 for the 15 nA channel and ×100 μV
for the 1.5 nA channel.

Noise and signal test measurements were implemented and gave very good re-
sults. When all instruments were on board and the internal power was switched
on, the noise in channel 15 nA was practically zero, and the one in channel
1.5 nA was very low, with average value of 2.6 mV, what is near the sensitivity
threshold.

Figure 6. Dependence of the measured voltage on the produced electric current for both
channels.

7 Conclusions

A state-of-the-art instrument – Lyman-alpha detector (ASLAF) to record the
attenuation of the direct Lyman-alpha radiation in the atmosphere was designed
and a work model and a flying one were manufactured. All conditions were
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carefully considered and the general parameters influencing the measurements
were estimated on the basis of the existing theory as well as on the results of
previous experiments. The mechanics and electronics of the instrument were
designed to fit the space allotted on the upper deck under the nosecone. The
position and the operating conditions of the ionization chamber were chosen on
the basis of planned experiments and theoretical estimates. A set of tests were
performed in order to study the characteristics of the ionization chamber and the
electronics and their response to the expected signal.

ASLAF passed successfully all the tests before the rocket launch. All measured
characteristics were within the limits of the expected values and with very good
quality. There were two measuring channels with ranges of 1.5 nA and 15 nA,
characterized with linearity, constant data ratio between them and low noise sig-
nal. The two channels monitoring the power supply to the ionization chamber
and the temperature operated well. The power supply to the ionization chamber
remained stable, 60 V, with deviations from this value less than 1 V.
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