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ALPHA RADIATION MEASUREMENTS

V. Guineva, *G. Witt, *J. Gumbel, *M. Khaplanov, 'R. Werner, *J. Hedin, “S. Neichev, *B. Kirov, 'L. Bankov,
P. Gramatikov, 'V. Tashev, 'M. Popov, K. Hauglund, G. Hansen, °J. Ilstad, °H. Wold

Pe30HAHCHEIN [epexo/] aTOMApHOr0 BOAOPOIA (TaiMAHOBCKOE albda-u3nydenue) “P—>S ABILETCA CAMOH APKOil 0COBEHHO-
CTBIO COJIHEUHOTO CIEKTpa B AaleKoi ynbTpaduoneroBoil obmactu. [lepenoc naliMaHOBCKOTO anb(a-u3aydeHus 3aBUCUT OT pe-
30HAHCa, PACCEHBAIOIIETOCS M3 aTOMOB BOJOPOJa B aTMocdepy, U OT HOTJIOMEHUs (paauoBoiH) KuciaopogoM. ITockombsky oc-
nabyieHne J1aiiMaHOBCKOTO anb(a-M3IydeHnsI B aTMocdepe sSBISETCS MOoKa3aTeIeM CTOIO0B INIOTHOCTH MOJIEKYI KHCIOPOJa, U3
9TOTO MOXKHO PacCUUTaTh NPOQIIN INIOTHOCTU U Temrepatypsl O, B atMocdepe.

Otpenennem Jlaboparopun conHedHO-3eMHbIX Bo3aeicTuil (JIC3B) B Crapa 3aropa ObUI H3rOTOBJIECH IETEKTOP COTHEYHOTO
JaliMaHOBCKOro ajib(a-nu3nydyenus. bazosas nerans — kamepa nonusanuy, 3amnoinHeHHas NO. K kamepe nopcoeimHeH HCTOUHHK
nutanust B 60 B. IIpon3BomuMelii GOTOINEKTPHISCKUH TOK M3 AAaTYMKa MOAACTCS B 2-KaHAIBHBIH YCHJIMTENb, 0OecreunBas
AHAJIOTOBBII CUIHAIL.

Hamu Obln IpoBeIeHBl HCCIEA0BAHMS XapaKTEPUCTHUK AETEKTOpa TaliMaHOBCKOTO anb(a-u3aydeHus. OH yCIeIHO MpOoIIes
BCE UCIIBITAHHSA, ¥ Pe3yIbTaThl MOKA3alIH, YTO TAaKOH MHCTPYMEHT MOT OBl HCIIOJIB30BAaThCS B AKCIEPUMEHTAX C YIaCTHEM PaKeT
JUISL ©I3MEPEHHS TTOTOKA JIAHMaHOBCKOTO anb(ha-U3ITyIeHHS.

Bepruxansustii npoduis naiiMaHOBCKOTO anbga-u3IydeHnss MOKHO HOJIyIHTh 110 JaHHBIM H3MepeHui aerekropa. Co3maHsl
MIPOrpaMMBI JUIsl BEIYUCIeHUS IIoTHOCTH O,, atMocdepHOit MoImHOCTH U npodIiiel pacupeneleH s TeMIIepaTyp, OCHOBAaHHBIX
Ha JaHHBIX JIaiMaHOBCKOTO ab(a-n3ryueHus..

CoBMecTHasi KOHCTPYKIHSI JeTeKTopa ocymiecTBisuiach B pamkax npoekra OCIIJIAU (Ocnabnenne Conneunoro ITotoxa
JlaiimaHoBckoro Aubda-M3nydenuns), mpoekra HaydHoro corpynHudectBa mexay STIL — Bomrapckoil akagemun Hayk,
Otaenenne B Crapa 3aropa, u ['pynnoit ¢usuku armocdepst B OTIelICHHH METCOPOIOTHH CTOKIOJIBMCKOTO YHHBEPCUTETa
(OMCY), Isewus. CoBMeCTHBII MPOEKT GBI YacThIO pakeTHOro skcrepumenta HotPay I, B mpoekte ALOMAR eARI, 6°°
Pamounoii [Tporpammer EC, Anpoiis Poker Peitnmx, Aunenec, Hopserus.

IMpoexT gacTnuHO rHAHCHpYeETCS bonrapckuM MHHECTEPCTBOM HayKH M 00pa30BaHUsL.

The resonance transition P—>S of the atomic hydrogen (Lyman-alpha emission) is the strongest and most conspicuous feature
in the solar EUV spectrum. The Lyman-alpha radiation transfer depends on the resonance scattering from the hydrogen atoms in
the atmosphere and on the O, absorption. Since the Lyman-alpha extinction in the atmosphere is a measure for the column den-
sity of the oxygen molecules, the atmospheric O, density and temperature profiles can be calculated thereof.

A 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 camera, 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 analog signal.

The characteristics of the Lyman-alpha detector were studied. It passed successfully all tests and the results showed that the
so-designed 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. Programs are created to compute
the O, density, atmospheric power and temperature profiles based on Lyman-alpha data.

The detector design appertained to ASLAF project (Attenuation of the Solar Lyman-Alpha Flux), a scientific cooperation
between STIL — Bul.Acad.Sci., Stara Zagora Department and the Atmospheric 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 6™ Framework Programme, Andgya Rocket Range, Andenes, Norway.

The project is partly financed by the Bulgarian Ministry of Science and Education.

Introduction

The resonance transition “P—>S of the atomic hydrogen
(Lyman-alpha emission) is the strongest and most con-
spicuous 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 satel-
lite and rocket measurements [1-5].

Due to the favorable circumstance that the

mesosphere. Therefore, the knowledge of the L, radiation
and its variation is important for many investigations of the
middle and upper atmosphere [5, 7]. The L, study leads to
a better understanding of the chemistry in the region
mesosphere — low thermosphere, to including new
chemical processes and transport mechanisms in the
models. L, influences the atmospheric structure and
especially the D-region, allowing the determination of the

Lyman-alpha wavelength coincides with a minimum
of the O, absorption spectrum, the direct Lyman-
alpha radiation penetrates down to altitudes around
70 km for zenith sun [4, 6].

Due to the relatively high intensity of the L, emission
and its comparatively deep penetration in the earth
atmosphere it is the main source of energy deposited in the
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H content in the atmosphere [6, 8].

The L, attenuation in the earth atmosphere is
modeled for different seasons and geographical lati-
tudes, taking into account different processes: the O,
absorption and its temperature and wavelength de-
pendence, the multi-resonance scattering from atomic
hydrogen and the related Doppler effect [9].
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Rocket sounding is the basic method to study the
mesosphere and the low thermosphere. Using rocket ob-
servations of the attenuation of the solar L, radiation, regis-
tered by ionization chambers, the pressure, O, density and
temperature in the mesosphere can be derived by tradi-
tional methods [10-13].

The importance of the L, penetration in the thermo-
sphere and mesosphere as a main source of energy input
and its connection with the O, concentration and the
temperature as well with all processes in these regions is
known long ago. At the same time, lots of ambiguities
in our concepts for the chemical and physical processes
in the mesosphere, low thermosphere and, in particular
near the mesopause, have been found out. Such not fully
clarified questions are, for example, the influence of L,
on the trace gases, the role of CO, and CH, on the tem-
perature distribution, the origin and structure of NLC and
the properties of their constitutive ice particles [6—18]. That
is why the L, penetration in the atmosphere and the re-
sulting middle atmosphere processes are important fea-
tures to be investigated.

Detector of solar Lyman-alpha radiation (ASLAF)

The solar Lyman-alpha detector was designed in the
Stara Zagora Department of STIL for rocket measure-
ments of the direct solar radiation flux in the EUV, at
the L, wavelength range (105-130 nm). The manufac-
tured ASLAF models passed successfully all tests per-
formed before a rocket launch. All measured character-
istics were within the borders of the expected values and
with very good quality. The device is of very good qual-
ity and it is expedient to be used in rocket experiments
for measuring the L, flux.

ASLAF is described in detail in [19]. To the sensor, an
ionization chamber, filled with NO (under 20 mb pressure),
a voltage of 60 V is applied. A week current is produced,
which is amplified many times (through a pre-amplifier
and a two-stage amplifier) and analog signal in the range
0-5 V is fed to the telemetry. There are two working chan-
nels measuring maximal current of 1.5 nA and 15 nA, and
two additional channels, monitoring the power supply and
the temperature to the chamber. The final appearance of
the detector is presented in Fig. 1. The dependence of the
instrument response on the angle of radiation incidence is
shown in Fig. 2. It is fitted well by the curve

e—a(x—b)z + e—a(x+b)2
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Fig. 1. Final design of the Lyman-alpha detector.
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Fig. 2. Dependence of the measured signal on the incident ra-
diation angle for both ASLAF channels. The obtained fitting
curve is drawn in.

The Lyman-alpha detector response to the emission
intensity is linear from both channels. The dependence of
the measured voltage on the flown electric current is linear
for both data channels and constant signal ratio is obtained.
The result from the 15 nA channel is shown in Fig. 3. Us-
ing these characteristics, the orbital data and the Sun posi-
tion data, the L, profile could be computed from ASLAF
measurements, obtained during a rocket experiment.

Retrieval of the density, pressure and temperature
profiles

The interaction of the Lyman-alpha radiation with the
atmospheric constituents ionises the NO molecules, thus
giving rise to the ionospheric D-layer and produces the
water vapour photolysis, one of the main H,O loss proc-
esses. The Lyman-alpha radiation transfer depends on the
resonance scattering from the hydrogen atoms in the at-
mosphere and on the O, absorption. Since the Lyman-
alpha extinction in the atmosphere is a measure for the
column density of the oxygen molecules, the atmos-
pheric temperature profile can be calculated thereof.
Rocket observations of the attenuation of the solar L
radiation can be used to derive the profiles of the mo-
lecular oxygen density, the pressure and the temperature
in the mesosphere [10].

The photoabsorption cross-section ¢ is defined from

1) = I,(M)e "™ )
where I, and I are the incident and transmitted intensi-

ties, n is the gas density, / is the path length and A is the
wavelength. For a mixture of gases we have
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Fig. 3. Dependence of the measured voltage on the
produced electric current for 15 nA channel.
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oT, Nt — total cross-section and number density;

- nm;, G; O; — number density, cross-section and
mixing ratio for the i component.

Assuming, that O, is the basic absorber, we can write:

6, =98, (6o, +[)s )

where f is a correction to include the absorption from
other gases.

For a thin atmospheric layer with thickness A/ and
angle of the incident L, radiation 6 (6<80°) the ab-
sorbed increment is:

dI(A) = 1(Mn(0,)[6(A) + f|secOdh. 5)
The total intensity is defined as
I, = [100d. (6)

Taking into account the pressure change across the
layer, the expression for the pressure scale length H and
its connection with the temperature

1 dp

H =kT 7
T /mg ()

1
dp =— nmdh — =
p gZ mdh —
the equations for no,, P and T can be derived. The fol-

lowing basic equations to compute the O, density, pres-
sure and temperature profiles are obtained:

cos® 1 dR(h)
0,)= , 8
MO =R R di ®
% 0:(R)R k Kn(O,)
)4
=33—, 9
Kn(0O,) ©

where the effective cross-section o, the level constant
K and the ratio R are expressed by

jl(x)c(x)dx 8 an.mi
o, =—F——+f K=——
jl(x)dx n(0,)
R=1,(W/1, .

E

E

10)

The atmosphere model used for computations of the
noy p, and T profiles is plane-parallel atmosphere with

upper limit 100 km, divided into parallel homogeneous
layers. The following quantities are to be used in the
computations: measured L, intensity in and outside the
atmosphere, the rocket coordinates and the corresponding
position of the Sun towards it, the shape of the L, line,
the photoabsorption cross-section (1), the solar zenith
angle 6. Consecutive computations are made using line-
by-line calculations.

Conclusions

A modern Lyman-alpha detector (ASLAF) was de-
signed and manufactured in the Stara Zagora Depart-
ment of STIL, BAS. ASLAF passed successfully all
tests performed before a rocket start. All measured
characteristics are in the borders of the expected values
and with very good quality. There are two measuring
channels with ranges 1.5 nA and 15 nA, characterized
with linearity, constant data ratio between them and low

noise signal, and two channels, monitoring the power
supply to the ionization chamber and the temperature.
The device is of very good quality and can be used in
rocket experiments for measuring the L, flux.

A way to retrieve the O, density and temperature
profiles from L, rocket measurements is discussed. The
atmospheric model, used for the calculations, is de-
scribed. The quantities, needed for the computations, are
indicated. The theory of the L, absorption and the as-
sumed approach are described. The basic equations to
compute the O, density, the pressure and temperature
profiles are worked out.
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