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HYDROGEN ATOMS PHOTOIONIZATION IN INTERFLANETARY
SPACE THROUGH EXCITATION OF THE METASTABLE STATE

Abstract - Photoionization is one of the key processes which
determine the properties of fluxes of neutral atoms in inter-
planetary space. New two step channel (called indirect) of
photoionization of hydrogen atoms is proposed. Hydrogen atoms -
at first are excited to states with principal guentum number
n> 2, then decay tc metastable H(28) state, where they can
be photoionized. Competing processes due to the interaction
with Solar Wind plasma and solar radiation are considered
and photoionization rate through the proposed indirect chan-
nel is calculated. This rate depends on distance from the
Sun as ©€ I/Rq' at large distances (R>I - 2 a,u.) and as
o I/R® at close approaches, where it is higher than the ra-
te of direct photoionization.

AnRoTamEA. — QOTCMOHM3AUMA ABIAASTCA OXHUM M3 KIKMEBHX NpOLEOC-
cOB, ONpeNeNADmUX CBOJKCTBA MOTOKOB HEHTPANBHHX STOMOB B MEX-
NNaHeTHOM NpocTpaHcTBe. [[peaoxeH HOBHA ABYXCTYOOHYATHHA Ka-
Han (GOTOMOHMBAUMHM. ATOMH BOZOpOZA BOSCYRZANTCA B COCTOAHMA C
T7AaBHHM KBAHTOBHM uucyioM W\.> 2, KOTOpHe pacnazawTcs B COCTOA-
wue H(2S ), TAe OHA MOTYT OHTD GOTOMOHMBOBAHH. FACCMOTDERH
KOHKypUpYNIe NpOLeCCH B3aUMOZEHCTBHA C anasMoff CONHEYHOTO
BeTPA W COJHeUHON pazuauMell ¥ OonpeneyeHA CKOPOCTH (HOTOMOHMBZA-
AM 4epes NpenJIoXeHHNH KaHam., 9Ta CKOPOCTH BABMCUT OT pACCTOf-
jMsi 0T Comuua xak o 4/R"mpu Gonmsmax yAausermax (R>I-2a.e.)
n rkax o 4/R® pGmasu ConHua, TAe OHA NPOBOCXOZMY BEIMUMHY
npAmMoif goToMOHM3ALMH.,

055(02)2 @ Tnotitute for Problems in Mechanies,
The USSR Academy of Sclences, 1989,
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I. INTRODUCTIQN

Interplanetary space is filled with dilute neutral gas-
mostly hydrogen and helium atoms., There are two major sources
of neutral atoms: i) local interstellar medium (LIsM), and
ii) outgassing of interplanetary dust. The influx of inter—
stellar hydrogen and helium atoms from LISM into Solar Bystem
was studied extensively both theoretically and experimental-
1y and the understanding of the major relevant physical pro-
cesses was achieved (see reviews [I-4] ). Neutral atoms pro-
duced by the outgassing of interplanetary dust are confined
in the region of the Sun'’s immediate vicinity within few ten-
ths of a.u. [5,6] « Basic properties of neutral outgassing
are not clearly understdod and experimental measurements are
not numerous |7-G | ,

Hydrogen atom ionization.rate is ome of the key parame~
ters in the models describing neutral atom populations in in-
terplanetary space, as well as in upper atmospheres of pla-
nets. The study of such populations gives an opportunity to
derive physical patrameters of interplanetary dust, interstel-
lar gas, and planetary upper atmospheres and exospheres,

Two major processes are believed to determine the ioni-
zation rate of the neutral atoms: i) ionization by solar
photons, and ii) charge exchange with Solar Wind ions. Sin-
ce both the solar photon flux and Solar Wind ion flux are
usually assumed to be inversely proportional to the square
of the distance from the Sun, it is conveniet to introduce
ionization rate B, at Earth orbit (Re= I 8.u.,) and to sca-
le the ionizetion rate as B (R) = Po (R,,/R)ﬁ. The sub-
Bcript or superscript "e" will correspond further for the
value at Earth orbit. The accepted values of B depend to
certain extent on the solar cycle phase and Solar Wind condi-

tions and can be assumed to be on average “Biez 4 1077 s~1 ana



,ﬁ:" = 1.0 107 7T for charge exchange (at equator) and pho-
toionization rates respectively.

Ionization rate by Solar Wind plasma electrons enhances
faster than 4/R? with the approach to the Sun due to elect-
ron temperature increase and becomes important at region R<
0.I-0.2 a.u. [5] « In this paper, the electron impact ioni-
zation rate will not be considered at all. Solar photon in-
put to ionization rate was assumed earlier to be due to the
direct photoionization process of hydrogen atom only

H + ph—=H" + ¢ ¢ T )

Here and further on letter "e" designates electron,
"ph" - photon, and "p" = proton. However, to photoionize
hydrogen atom, there exists another possibility, which we
shall call indirect chamnel. The Sun radiates intensively in
Lyman series of hydrogen lines. After photoexcitation to the
state with the principal quantum number N %2,k the hydrogen
atom may emit photon and tramsfer not to the ground state
but to the metastable H(2S) state. The atom can be exci-
ted to metastable state also directly by collisions with So-
lar Wind plasma ions end electrons. While being in this meta-
stable state, hydrogen atom may be i om.zed by solar photons
with the wavelength shorter than A = %646 A (which are ra-
ther abundant in solar spectrum), as well as by collisions
with Solar Wind plasma electrons and ions,

This way of photoionization was never, to my knowledge,
taken into account earlier and the aim of this work is to
consider this indirect channel of ionization of hydrogen
atoms in interplanetary space. At first, the rate of excita-
tion of hydrogen atoms to metastable state is calculated.
Then the possible fates of such metastable atoms are consi-
dered, and finally ionization rate due to the indirect pho-
toionization channel is determined.

2, EXCITATION TO H(2S) METASTABLE STATE

Iet us consider now the excitation of hydrogen atom,
which is in the ground H(IS) state, to metastable H(28) sta-
te. This can happen either due to the interaction with solar
photons or due to the collisions with Solar Wind plasma ions
and electrons,

The latter process can lead to direct populating of the
H(28) state. The excitation cross-section due to collisionsa
with Solar Wind protons with few kiloelectronvolts energy

H(IS) + p—=H(28) + p (L

is rather low = typz.cal value for processes of such type is
much less than I0™L° cm (eege [IO] )e This value is much
lower than the cross section of resonance cha.r:ge transfer
for the same collision partners ( 2 10'15 cm s which is
responsible for the major part of ionization rate ﬁn .
Therefore this collisional excitation can be neglected,

The major component of Solar Wind ions is protons and
the presence of ions heavier than protons (mostly alpha par-
ticles which constitute 5 % of ion number density) will be
neglected if not stated otherwise,

The cross gsection of excitation due to electron colli-
sion

H(IS) + e —mH(28) + e ¢ 3 3

is less than I0™L/ cm® I_—II] « This value would correspond
to excitation rate less than I0™2 s™L at Earth orbit, which
is much lower than the value of direct ionization rate and
therefore will be neglected. Here and further on Solar Wind
electron (proton) number density M e(n,) is assumed to be
inversely proportional to the square of the distance from



the Sun and equal to ng(M3) = 5 cn™” at Earth orbit.

The Sun rediation in Lyman series of hydrogen lines is
absorbed with certain efficiency by hydrogen atoms. Therefore
hydrogen atoms can be excitied to the states with the princi-
pal quantum numbers > 2 , which may decay, in their turn,
to H(2S) state with the emission of the photons

H(IS) + ph H(3P) —= H(28) + ©ph
H(4P) —= H(28) + ph ( 4 )

Intensities of solar Lyman lines decrease rapidly with
the increase of photon energy, and, as will be shown, the
most of the effect is due to the channel through the excitati
on of H(3P) state, Therefore other possible channels (thro-
ugh excitation of H(n»>3) states)will be neglected.,

Total intansity of solar Iyman- B (A= 1025.7 A) line
is E 46 10 erg/(om s) at Earth orbit [12] . To assess
the lina width, let us assume that the same atoms, that emit
in Iymsn-of ( A = I2I5.6 4), are responsible for the Lyman-
B emission, The line width is determined by the Doppler
shifts due to the velocities of individual atoms and then
the ratio X =AA /A has to be constent for the both lines.
For Iymen- of , the lime width is well known - AA= 0.8 4
(e.ge [I3] ) and then R = 6.5 I07*,

The radiation flux density in the lines is

_ 4 |dE|_ 1 E(R)
P (R) = C | dwlee £ v 3t

Guad. )

where W is wave circular freguency, € 1is velocity of
the light, and E(R)=E° (Ro/R)?  is intensity of so-
lar line.

The probability P to excite hydrogen atom to the
state with the principle quantum number M can be calcula-
ted exactly [14] and is equal to

- T e

P4 P .

,0—>=n,1)= Aio _;'-F Peo "6 )
where 5
ni s 2 ( 1“‘
n- =
Atiaggo® 200 ¢ 7
3 (n+4)

is the transition probability between ground state (W =1,
Z = 0 ) and state (n, £- i). For n. = 3, one obtains
=7 A=
Ao = 0.5 467 %

Bubstituting ( 5 ) and ( 7 ) to ( 6 ), one obtains ex=-
citation rate

P(AS—=3P)= 3.4 10 ¢7T
for R=Ro.
The probabilities of H(3P) state subsequent transiti-
ons to H(IS) and H(2S) are 0.882 and 0,II8 respectively.

Therefore, finally excitation rate to H(28) state at Earth
orbit is

as L
B = 4 1077 g71
Obviously, the excitation rate depends on distance from
the Sun as

FERy = pY (Re/R)T o)

The similar analysis for soler Lyman- 4 lime ( A
972.5 ) with energy flux Ey = 1.5 1072 erg/(cu’s) [12]
shows that excitation rate of H(28) through H(4P) state
is 3.2 102 ™1 at Barth orbit, which much lower than that
through H(3P) state and can be therefore safely neglected

as well as all other radiation cheannels.




3. FATE OF H(2S) METASTABLE HYDROGEN ATOM

Let us consider now what may happen with metastable hyd-
rogen atom in interplanetary space. First of all, without
any external interactions this atom will decay to ground sta-
te by emission of two photons at a rate of = 8,226 s~1

[I5J » 1.e. with the life time 0.I2 s. Corresponding rates
for different H(2S) depopulation channels we will denote
by symbol & A with appropriate additional superscripts, Col=
lisions with Soalr Wind plasma electrons and ions as well as
interaction with the solar photons may lead to either ioni-
zation of the atom or to transition to another state which
eventually may decay to the ground or again metastable state
of the atom, Also the decay of metastable atom can be caused
by the Solar Wind magnetic field, The major possible chan-
nels are the following,

H(28) —— H(28) —= H(IS) + ph + Ph (a)
— H(28) + p, e, ph —=H(D>2) + ...
tx(xs) +ph (b)
H(28) + ph (¢)
—= H(28) + p, ¢ —=H(2P) + 1o (9)
|-—--~I‘I(IEE) + ph (d4)
—> H(28) + p, e; ph —= H' 4+ ,.. (e)
—= H(28) + magnetic field —~H(IS) +...(£)

We note that channel (c) leades again to the hydrogen
atom in metastable state, and channel (e) corresponds to
indirect ionization. At first, the interaction with Solar
Wind ions and electrons will be considered, then the effect
of magnetic field, and finally the interaction with solar
photons,

3.1, Collisions with Solar Wind ions and electrons

The major effect of the collisions with Soalr Wind pro-

tons and electrons is the transition from 281/2 state to the
2Py /2 OF 2P3 /2 States which results in the subsequent very
fast (I.6 ns) emission of Lyman-< photon and hydrogen atom

"t

in the ground ISI /2 state. The solution for the problem of
collisionally induced transitions to 2P states of hydrogen
atom was given by [IG_] .

Thermal velocities of electrons are higher than the bulk
velocity of the Solar Wind and hence bure Maxwellian distri-
bution is assumed to be valid, Then, following the formalism
of [16_'] » the depopulation rate of H(2S) state would be

LY} Y Yy
s 96 e"af.‘(?:'m;)z gh(m KTe #) +2€“(th kT, h‘) AR

1 l4KT, &la, mew! e'a, mw'

where Mg =~ electron number denmsity, Go= t\"‘/(me e.") %
Bohr radius, Me - electron mass, Te = electron temperatu-
re, W' and w” are circular frequencies corresponding
to the energy differencies AE =% potyeen levels
28,5 = 2P, ( v‘zw'/zz-r=91.05? 10° Hz) and 28,5 = 2B

" = we /27 = 9,916 107 Hz) respectively. Two items of
the sum in brackets of formula (IO) correspond to transiti-
ons to two levels of H(2P) state, and factor two st the se-
cond item being due to the statistical weight of the level
2P 5 « The value of 8§4:° gecreases with the increase of
the electron temperature. The electron temperature in the
Solar Wind increases with the approach to the Sun, therefore
the upper limit on 8 %% for R<LT &8,u, can be obtained if
one assumes ‘I, .—.'T;‘ = 10* K. The electron (and proton) num-
ber density depends on distance from the Sun as

ne(R)= no (Re/RY (11)

for R > 0.05 a.u. [5 ]anu one obtains

8¢ oy~ 5O% (Rt (12 )




- IO =

where depopulation rate at Earth orbit g:'e= 2.9 107 eI,
It is important that the value of S'J'e in ( I2 ) represents
the upper limit, and the real values of depopulation rate
would be lower.

For Solar Wind protons, the situation is inverse to
that of electrons, i.e. thermal velocities are much lower
(though increasing with the approach to the Sun) than the
bulk velocity. So we will neglect thermal velocities and as-
sume that proton velocity VP = const = 400 km/s.

Applying the formalism of [16] , one can obtain

VRPN S

51‘:::? =2 n.; gz VP 3 (4_,5‘-2(‘) *E’l[;ﬁT}"ﬂ"(:—ﬁ]I ( 14 )

S £ 22
vhere € = 0.5772..., and 8 :(12 G*ao)/r’i V;,)
For assumed Solar Wind plasma prppertiee

d
5‘;’F; 3,5 107+ g1

Alpha particles constitute approximately 5% of Solar
Wind number density, and the depopulation rate is proportio-
nal to the square of the ion charge. Therefore total effect
of Solar Wind ions would be 20% more than presented by the
value & d’P.

It should be noted that corresponding effective depopu-
lation cross section

d 4 =
6',P= s.ali:/(n: VP) = 1.85 IO I2 cmz

is unusually large. Among other channels involving collisions
with Solar Wind plasma particles, the largest cross section

P

= IF =

characterizes the process of resonance charge exchenge
H' -+ H(28) —» H(2S) + H (15)

Through the cross section for this process is rather
high - 60 10716 op2 [I?] » it is still uncomparably lower
than 6° %P, Therefore this charge transfer channel and all
other possible collisional (with Solar Wind ions and elect-
rong) channels can be ignored,

3.2. Effect of magnetic field

Magnetic field B is frozen into Solar %ind plasma and
metastable atom would feel the electric field
—

E=%VEWXB (16)

For the small electric fields, H(2S) state life time
is determined by the expression rIA]

- -2

tE =t/_-, (5/975-) (I7)

where & is in the units of V/cm, ‘(:P=I.6 1072 s is the

life time of H(2P) state, Magnetic field decreases with the
increase of the distance from the Sun and at Earth orbit

B, <107 g ., Obviously the most pronounced effect would
be in the region close to the Sun. Radial component of magne-—
tic field depends on distance from the Sun roughly as

2
B"(R)=R (Re/R) (18)
At close approaches to the Sun, the magnetic field__w_.rec-
tor is almost parallel to Solar Wind velocity vector V4, ,
i.e. radial component of magnetic field is much greater than
other ones. In that case the value of E  is much lower (at
least one order of magnitude) than the value of £* tgws"/c,



= T2 =

Even for the unrealistically large values of E*, the life-
time of metastable atoms, which is proportional to L%, is
much longer than and equals that of for two photon decay on-
ly at R = 0.03 a,u., Therefore one can safely neglect effect
of interplanetary magnetic field, '

5+3+ Interaction with solar photons

Interaction with solar photons may result either in
photoionization (the channel of interest for the present
work) or in excitation to higher levels of atom with the SUb-
sequent transition to the ground state,

At first we consider the photoionization,

Solar spectrum is assumed to be that of the blackbody
with the temperature Ts = 6000 K. We assume here also that
solar radiation intensity is inversely proportional to the
square of the distance from the Sun without change of spect-
ral properties. Then the photoionization rate of H(28)
atoms would be

4Pk (R) = 5“:}"‘ (Ra/B)

(19)
and ol "
SZ’PR:-J\/\CES\’(LO) d ¥ (20) /
W

where W, = 5,16 10t5 s'I - threshold circular frequency
for the photoionization, C - velocity of the 1light,

M = L/(4654 T3%) |, T =1.39 70° erg/lca? s) - so-
lar constent (radiant flux density at I a.u.), 63g - Ste-
phan-Boltzman constant, 5“-() - photoionization cross
section, &A4> =~ photon number density distribution,

Misha, take Please the unique information:
The polynom Pn for n=1 is equal to 1 (unity) .

For blackbody radiation

AN = is “’:‘J“" F
mC exp(ﬁ;) -1

For H(28) state, tse ionization threshold corresponds
to wavelength )\ = 3646 A, This means that the major role
in photoionization is played by the photons from the bulk of
the distribution and not from that of the far wing which is
characterized by relatively large fluctuations in intensity.
Therefore the blackbody approximation of the solar spectrum
is adequate for the purpose,

For hydrogen atom, the photoionizaticn ecross section can
be calculated exactly, and for atom in the state with the
principal quantum number M. and nucleous charge Z the
cross section is (e.g. [IB] )

5 o6 4 L
6 (w) = 12213 iz Fh(\fp)pn(?) (.22 )

where J=wW/Wo, wo = threshold ci{cular frequency for
photoionization, 63= (87'{'./3)@2/me )"~ Thomson cross sec-

tion, ol= e-“'/'ﬁc. - fine-structure constant 3
QXP(‘ bn q;zcig(X) )
Fa (X)=
1~exp (-———2::”') (23)

and Pﬂ (i/d’) is a polynom with coefficients determined by
the principal quantum number M. , For H(2S) state, N =2
and R(4/0) =~ 6 (4/%) + & (4/X%)2 . After substitution
of (2I), (22) and (23) to (20) and introduction of




g:ﬁw‘/(k";) one obtaines for H(2S) state

S‘;'P-,-l- 256‘3/‘4 u_;:' Fq(Vd’_i) p2(i/&’)c{.t
- 3 2 kr]"s
27 . g‘l(wp(p_i)

where §.=hOo/(kT)= 6,58 and o= /%= % /& . mhe
value of M is equal to 0,47 10™2 and the integral in (22)
is equal to I.34 I0~7, Then

S ph
<, Ff
S\'c = 1,06 B-I

Let us consider now the excitation of hydrogen atom from
the metastable state H(2S) . The excitation rate at Earth
orbit from level (R=2, £ = 0) to level (A > 2, €= 1)
would be

(24)

=
1t &t Bi. A .
;e AZGW-PX (25)

h
P(2,0—~h,4)= A .

where o and )\ are circular frequency and wavelength
corresponding to the transition, and Pw and P, - are
spectral energy densities. For the excitatign to the H(3F)
state, the photon wavelength is )\ = 6562 A (Balmer Moc I1i-
ne), A‘;t = 6.6 10/ 57T, Irradiance of solar continuum at
the vicinity of /Ho¢ line is I.6 I0° erg/(cn® s i) [19] !
The irradiance in Ho¢ is a Fraunhofer line with deep minimum
down to 0.I6 of the value of continuum [20,21] . Spectral ra-
diation density responsible for the excitation of atoms de-
bends then on the radial velocity of the atoms. For neutral
hydrogen.atoms originated in outgassing of interplanetary
dust, the initial radial velocity is very small since dust
particles are moving along almost circular orbits and the li-
fe time of atoms as neutrals is also small which does not

+=-T6

allow to transform the initial velocity to the motion in ra-
dial direction. Therefore the spectral density for excitation
would correspond to the very minimum of Fraunhofer line. For
interstellar hydrogen the spectral density for excitation
would be a little bit higher, For exmple, for radial velocity

20 km/s  the spectral density would be 0.25 of the
level of continuum EEI] « We assume here that effective so=
lar spectral irradiance is 0.2 of the level 31‘ continuum
and is equal to ( Ps C) = 0,32 10° erg/(cu® s 4), and exci-
tation rate at Earth orbit is then

P(2,0—=34) =1.72 571

The H(3P) state with the probability 0.882 decays to
the ground state and with the probability 0.II8 returns back
to H(28) state., Thetefore the depopulation rate by Balmer

He¢ photons is

For the excitation to H(4P) state, the photon wave-
length is A\ = 4861.3 & (Balmer HE 1line),

A:: = 2.8 10/ S-I. Solar irradiance at Balmer “8 consti-
tutes at minimum 0,I3 of the continuum level [20,22] s which
is equal to 2.I I0° erg/(cm® s &) [Igj . We assume again
that effective irradiance at line is 0,2 of theocontinuum le-
vel, and hence (Pa C) = 0.42 ZIIO2 ea:c-s/(‘::m2 s A), The transi-
tion probability for H(4P) +to return to H(2S) state is
0.I2 . Then the depopulation rate at Earth orbit would be

S:A’Pk’ i
The depopulation rate decreases rapidly with the increase
of principal quantum number of the excited state, and the ex-
citation to the states with h > 4 will be neglected. Then
the total depopulation rate at Earth orbit by photoexcitation




& T8 -

of the H(2S) shtate is

4 ah ka w=3 N
P WYy P n=uy -
& = &% *+ B e tr0 o°F

This value is much higher than corresponding rates due
t0 the interaction with Solar Wind plasma , end the latter
effect can be totally neglected.

4, PHOTOIONIZATION RATE

Let us now summarize the most important processes for
indirect photoionization channsl

i) Hydrogen atoms are excited te H(2S) state with
the rate B*S(R) ¢

ii) metastable atoms are depopulated to ground state by
two photon decay with the constant rate o ‘1_',

iii) metastable atoms are depopulated to ground state
by interaction with solar photons at a rate S\J,ph(g)

iv), metastable atoms are ionized by solar photons at
rate & 5Pk (R).

The photoionization rate k (R) through indirect chan-
nel is then

¢ ph
as &7 (R)
R)= (R - -
\'L( ‘.ﬁ ) 8'4"' S’JJPH(R)“-S'L'PI\ (R)
¢,ph (26)
= 5? (E_g 8'0
N (g sl

e D

5. DISCUSSION

It is convenient to consider the dependence on distan=—
ce from the Sun not of the ionization rate but that of multi-
plied by the (R /Ro)? . For such values the dependence is
constant. If the ionization rate is inversely proportional
to the square of the distance from the Sun, which is the ca-
se for ionization rates due to direct photoionization process
and charge exchange on Solar Wind ions,

The calculated dependence of 42*(R)=4(R) (R/R.)}
is shown in fig. I. Also are shown ionization Trates corres=

E(Q/Rn'),‘ equator
4.0 =
T
L]
bl
b= 2
L ce
: B (R/Rco) poles
% 2.0
g 3 Shatetontsett
photoionization
8 = 8’ uua)
+ N
2 1.0+ < A
s P Ro)  indirect
g o ‘?’ (R, ) photoionization
0.0 T T T T T T T T T T __u —l —_—
0 1 2 R, a.u.

Fig.1, Dépendancaa of photoionization rates on
distence from the Sun.
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ponding to direct photoionization and charge exchange on So=-
lar Wind protons. Ionization rate due to charge exchange is
believed now to depend strongly on heliographic latitude,
_its value at equator being twice as large as that of at so-
lar poles (e.g. [25] Y

At large distances from the Sun ( R >I-2 a,u.), the
ionization rate through proposed two step chamnel is propor-~
tional to 4/RY , and at close approaches — to 4/R?%*
Hence the effect is much more pronounced for neutral hydro-
gen atoms within Earth orbit, and it vanishes at large dis-
tances. At the distance of Barth orbit from the Sun, the pro-
posed channel would add from 8% to I3% to the accepted valu-
es of total ionization rates depending on the heliographic
latitude. At the distance of 0.42 a.u. from the Sun its ef-
fect is equal to the direct photoionization rate, and at
closer approaches to the Sun it will add up to 30% at equa-—
tor and 50% at polar regions to accepted values of total
ionization rates of hydrogen atoms,

Although the considered effect seems to be too small
to result in modifications of interstellar gas properties in
Solar system, but its influence on the neutral hydrogen
atoms outgassing from interplanetary dust grains seems to be
significant and must be taken into account.

Relatively stronger effect due to the channel can be
expected in areas "protected" from Solar Wind, i.e. inside
planetary magnetospheres, particularly for Earth and Venus.
Providing the interaction with magnetospheric/ionospheric
ions and electrons, as well as electric/magnetic fields,
does not affect the life time of H(2S8) metastable state
(this question needs special study), the photoionization ra-
tes for hydrogen atoms would be 40% higher for the Earth and
60% for the Venus,.

It is intez'eat:ing to estimate the level of sky back-
ground radiation I‘ resulting from the two photon decay of

- I9 -

metastable hydrogen atoms. At distances greater than I-2 a,u,

from the Sun, almost all metastable atous decay thro-
ugh this channel, Taking into account that I2% of hydrogen
atoms excited by solar radiation to H(3P) state decay to
H(28) metastable state, while 88% to H(IS) state with the
emission of Lyman- ﬁ photons, one can expect that Ip would
be roughly 4 times lower than the sky background radiation
in Iyman- P 1line,

Background radiation 4in Iy- constitutes about 2 R

[24,25] and hence Tg =0.5 R (I R=IC®/47 ph cn~2s™ sr™1),

Two photon decay is characterized by a rather broad spect-
rum of the emitted photons [26] . For the range of maximum
spectral density around A = I500 i s one obtains photon
flux 3 10~4 R/.K due to two photon decay. This flux is appro-
ximately two orders of magnitude lower than that of measured
EUV background radiation (e.g. [27] Yo
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Muxaun AnexcaHzposuy I'DyHTMEH

QoTOMOHN3 AUNA MERIUIAHETHHX &TOMOB BOAOpOLA

yepes BO?Gyln?FHS MeTacTaCUIBHOTO COCTOAHUA
8HII,

lMopnucaxo ¥ neuat™s 4.9.89 N T-I3369
3akas K I126-89 Tnpax = 200 3Ks,

OTnevyaTano Ha poranpuHTe UHCTHTYyTa mpoGhen Mexamuku AH CCCP
117 526, MockBa, mp-r Beprazckoro I0I




