generally speaking, differs from the slowing down due to the magnetic-dipole
radiation in vacuum [11]. If the escape of lons from the surface of a given
neutron star is impossible, it can be a pulsar only under far reaching addi-
tional assumptions. Thus, worthy of speclal attention in this case is the
"volcanism" hypothesis, namely the ejection of matter from within the star [12].
Another possibility is radiation of electromagnetic waves in the magnetosphere
of a slowly rotating pulsar as a result of accretion [13]. The possibility of
heating the surfaces of the observed pulsars by accretion (if the field is
estimated from the vacuum approximation) is not realistic. To be sure, it is
worth while to consider a related possibility, that of heating the surface by
particles ejected by a given pulsar and accelerated in its own magnetosphere.

It seems to us that the problem touched upon in the present article should
be taken to account in any consistent and self-consistent pulsar theory.
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The H, molecule is of great interest in astrophysics. Numerous theoreti-
cal investigations (see, for example, [1l, 2]) and the first successful measure-~
ments outside the atmosphere [3] point to large content of the molecules in
certain clouds of interstellar hydrogen (up to eguality of the concentrations
of H» and H). The fact that these molecules were not observed until recently
is due to the peculiarity of the H, spectrum. All the lines from the ground
state are in the ultraviolet or in the far infrared regions of the spectrum,
to which the earth's atmosphere is opaque (see the table).
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The purpose of the present article is to call attention to highly excited
molecules, in which the transitions between close electronic levels fall in the
radio band. The exposition that follows is a development of an idea by Karda-
shev [4], that it is possible to observe under astrophysical conditions radio
lines of atomic hydrogen with tremendous numbers of levels, up to several
hundred.

The electronic spectrum of an H,; molecule in which one electron is strongly
excited is similar in first approximation to the spectrum of the hydrogen atom.
The far electron is in the field of the central H;; this field is close to a
Coulomb field at large distances. To estimate the probabilities of the transi-
tions between levels with large n we shall therefore use the probabilities cal-
culated for H. We recall that for highly excited atomic hydrogen the most prob-
able transitions between levels with large n are those to the neighboring level
(An,n—l = 6 x 10°n® sec™?!) [5]. The highly excited molecule Hz is capable of

dissociating intc the atoms H(1S) or H(1S) and H(2S, 2P). The probability of
such a transition, however, is very small for a molecule whose excited electron
is in a state with large orbital angular momentum. Its V¥ function is vanish-~
ingly small at the center, where the ¥ functions of the nuclei and of the
second electron differ from zero.

In analogy with the case of atomic hydrogen [5], the population of the
molecular levels for which the ionization potential is much smaller than kT is
close (at any rate when 2 >> 1) to the population obtained at kinetic equilib-
rium between the highly-excited H: levels, the Hf molecular ions, and the free
electrons. The ratio of the optical thickness T, summed over %, of a cloud
with dimension R along the line of sight in the radio line, T(Vn n_1) =

E]

(2 x 10'5T3\Jn n—l)ReNH+’ to the optical thickness in the continuous spectrum
5

for close values of v, due to the absorption in free-free transitions, is equal
to (see [U41):

g 0et) 201000 N.

r (1) T 23 N

Assuming that Ht is produced only when H; molecules are ionized from high
(v > 5) vibrational ground-state levels by radiation with 2 ™ 1000 ﬁ, and using
the customarily assumed radiation field intensity [2], the Ha2 ionization cross
section [6], the population of the excited vibrational levels [1], and the rate
of disintegration of Hz taken from [7], we obtain NH+ 2 3 X 10'G(NH2/Ne), which

y/1(v) > 1 for T ~ 50°K, n ~ 100(A ~ B0 cm), Ny /N % 0.1, N

yields T(vn’n_1
v 0.01 em™%, and N ~ 10 em™3.

e

Thus, preliminarily estimates favor the possibility of observing highly
excited molecules. The practical realization of this idea must apparently be
proceded by a solution of a number of theoretical problems, primarily the prob-
lem of the excited-level spectrum.

The levels of the excited electron in the H, molecule are sglit as a re-
sult of the non-Coulomb terms of the potential produced by the H, located at
the center. This splitting is different for molecules of ortho~ and para-hydro-
gen in the lowest rotational state jH+ = 3/2 and 1/2 for ortho- and para-Ht,

respectively. In the case of ortho—hyérogen (and para-H, in excited rotational
states), the non-Coulomb correction V is determined by the interaction of the
quadrupole moment of the central H} with the external electron, V ~ (107''/n’®2)x
[(J - 1/2)/(F + 1)] erg for & >> 1, and in para-hydrogen by the interaction of
the magnetic moments of the internal and excited electrons, V ~ 107!'°%/n3% erg

(2 > 1).
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The energy of the high electronic levels of a molecule in which vibration
or rotation is excited exceeds the ionization threshold. As a result, auto-
ionization is possible with simulta?eous transitions of the molecule into a
lower rotational-vibrational statel’ or inversion from the ortho- into the
para-state. However, as shown by calculation, the probability of this process
is extremely small for molecules whose excited electron has a large orbital
angular momentum £.

Notice should be taken of the difference between the highly-excited H, and
HI. Whereas th$ excitation of one electron in H: leaves at the center the
stable system H;, the highly-excited molecular ion dissociates within a time
1071*n? sec which is much shorter than the characteristic time of spontaneous
transitions between levels. Therefore observation of the radial lines of ex-
cited H; has extremely low probability. Only the lowest exclited state has a
shallow(1.65 x 10~% eV) minimum in which two bound states are contained [8].
Among the radio transitions in HI, worthy of attention are the transitions be-
tween the hyperfine-splitting levels of the ground state of Ht [1]. An attempt
to use them to observe gt has so far not been successful [9]. Substantially
different from H: and H, are the HD and HD*. Not being symmetrical, they have
a dipole moment. In HD, the dipole moment has a smallness me/mp (the electron

structure is symmetrical in the_apgroximation of infinitely heavy nuclei). 1In
the ground electronic state, d v # /mpe. In HDY, the charge is likewise almost

symmetrical with respect to the nuclei, and the center of gravity is shifted
towards the deuteron, so that 4 ~ er/6 relative to the center of gravity (r is
the distance between nuclei). The presence of a dipole moment in HD and upt
activates the 0 - 1 rotational transition corresponding to absorption with

A 112 u, It also gives rise to specific corrections to the high electronic
levels of HD, owing to the interaction of the electron with the HD' remainder.

We are grateful to M.Ya. Ovchinnikov for numerous useful discussions and
help.
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1)Resonance between the electronic n » n + 1 transitions and the rotation-
al J » J - 2 transitions takes place for lower levels n ~ 10/(J - 1/2)1/3,
Anomalous corrections to the electronic-level energy arise in this region.
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