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ABSTRACT. The method and results of calculations of the radiative asso-
ciation and photodissociation cross-sections for LiH molecule are discus-
sed. We consider the free-bound vibrational transitions in the ground
electron state 's°.

The calculations of the radiative association cross-sections are carried
out for the interval of the colliding atom velocities from 103 to 107 cm/s.
The photodissociation cross-section are calculated fof the photon wave-

2cm. It is shown that the cross-sections of

length region from 10°* to 10°
both processes depend on the vibrational quantum number substantially; they

grow strongly if this quantum number increases.

B pabome obcyxdaemca Memod U pesysnbmams pacdema ceyeHut: paauamusno& ac-
coyuayuu u ¢omoduccoyuaguu mosaexyan Li H npu cBobodHoO-CBsizaHHNX Kosebamesb-
HWX nepexodaXx B npedesiaXx OCHOBHO2C 3J/EKMPOHHOZO COCHMOSTHUS 12+l Pacuemy ce-~
Jerult paduamurroll accoyuayuu oxBamsBabm 06/acChb UIMEHEHUS OMHOCUMENbHBX
cKopocmell CHafAKuBaloIuxcs amoHoE om Idg do ldt c/c, ¢omoduccoyuayuu pacydu-
many dns obaacmu OmuH Boan ¢omoror 10° — 10° cu. Iokasawo, uwmo cewenus
obBoux npoueccor cymecmseHH M 06paszoN SaBUCSm Om BEJUYUHN KoAebamenbHOzo

KBaHmopoeo YUucCsa U CUMbHC BOZpacmabm C €20 YBeJ/IuYeHUeM.
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1. INTRODUCTION

As it is widely known, data on the elementary processes in the interstellar mole-
cules including the radiative processes have the fundamental importance for the deve-
lopment of physical models of the interstellar medium. These data permit us to calcu-
late the equilibrium content of different molecules in the gas clouds near IR stars,
hot young stars and in many other objects if the radiation can have the pronounced
effects on the chemical compositions

Another important point of the study of the molecule and radiation interactions is
the investigation of the molecular content in the primordial cosmological gas. This
field is of particular interest because the molecular spectroscopic methods allow us
to develop effective and, in some cases, unique possibilities for testing physical
conditions in the primordial gas

In this paper the free-bound vibrational radiative transitions are considered for
LiH molecule. Actually these processes are photo dissociation and association which
are connected with the transitions of molecule from the continuum of the ground elec-
tron state to the vibrational levels of the same electron state and vice versa.

The radiative association of such kind will occur in the case when the excited Li
and H atoms are absent in the medium and the temperature does not exceed several hun-
dreds of K. In this case LiH molecule can’t be formed in the excited electron state.
Thus the radiative association through the upper electron state is forbidden. Simi-
larly, if the radiation field temperature in the medium is low, the short wavelength
photons, which correspond to the electron transitions in LiH, are practically absent
in the radiation spectrum. In this case the photodecay of LiH molecule through the
upper electron state is actually forbidden. Therefore the main way for the photodis-
sociation will be connected with the transitions from the vibrational levels of the
ground state toc the continuum of the same state.

The mentioned physical conditions are widely available in the sufficiently dense
clouds where the kinetic femperature is about some scores of K and the cloud interior
is shielded from the ultraviolet and optical radiation of the nearest stars

Similar conditions occur also in the primordial gas in the epochs which corres-
pond to the pregalactic stage and are characterized by the redshifts z < 100. There-
fore the data on the cross-section and rate coefficients for the radiative associa-
tion and photo dissociation connected with the free-bound vibrational transitions in
the ground electron state are of particular interest for a wide field of the astro-
physical problems.

In part 2 we consider the methods of calculation of both photo association and
dissociation cross-sections. Part 3 is devoted to the discussion of calculation re-

sults.
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2. GENERAL STATEMENTS OF THE CALCULATION METHODS OF ASSOCIATION AND PHOTO
DISSOCIATION CROSS-SECTIONS

Let us consider cross-section of A+B=AB(vJM)+hV. The process takes place at col-
lision of A and B atoms and lead to the AB molecule formation in rotational-
vibrational state characterized by vibrational quantum number v, angular momentum J,
projection of that on quantization axis M, photon polarization P, and wave number k.

Differential cross-section of such process is (Sobelman, 1977).
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hq is the momentum of the relative movement of the colliding atoms, and its absolute

value is caused by the emitted photon frequency

2 2

_hq
hv 2 +E . (2)

Here | is the reduced mass of the colliding atoms and E 3 is the ro-vibrational le-
v

vel energy

E =-D +hV (v+1)—x hv (v+1)%+BJ(J+1). (3)
vJ e e 2 e e 2

Here, De is the dissociation energy of -the molecule, ve is the main vibrational fre-
quency, X_ is the constant of unharmonity. dﬂk is the solid angle in which photon
with momentum k is emitted, e . is the polarization vector of the photon, d is the
dipole momentum vector of the system of colliding atoms, me is the wave function of
electronic ro-vibrational molecule state, ¥ is the wave function which describes the
atom motion in the continuum. .

Now we define these functions. Functions me in Born-Oppenheymer approximation

may be presented by the sum of three wave functions:

W= otr e (rie (0], e

where WAB(re), ij(r), WJH(ﬁ¢) are the electron, vibrational and rotational wave
functions respectively. The electron wave function depends on the electron coordinate
re, the vibrational wave function depends on the distance between atoms r, WJH is
the function of polar angles which determine the direction of radius-vector r in the
chosen frame of reference. Notice that rotational wave function of diatomic molecule
is merely spherical harmonics YJH(ﬁw). The vibrational wave function is the solution
of Schroedinger equation

JJ+1)

]%(r) -0, (s)

1 d 2 d
dr

= ar ——]QVJ(r) + [EVJ - u(r) -
r r

where u(r) is the internuclear potential of the interaction in the molecule. These

functions are normalized by condition :
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I<1>VJ(r)d>v,J(r)r2dr =5, - (6)

Electronic wave functions are normalized by

J|q> 12av=1, J-I<I> %=1, JI@ |%av=1. (7)
AB A B
re re Y‘e

The wave function of continuous motion of colliding atoms may be presented in form

(Landau and Livshits, 1963):

3/2 A in
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In this formula R 2 is the radial wave function of free motion, which must satisfy
q

the Schroedinger equation:

15 g;(r2 g;)RqA(r)+[q2—u(r)—
r

(r)=0, (9)

A(A+1)
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and nA is the phase of this function.

Function R is normalized by condition
q

A

2. _ il
Ith(r)Rq,x(r)r dr=0(q-q’ ), (10)
and at large r it has the asymﬁtotic form:

AT
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R.(r) 5V 2 E &, (11)
qA T r

The explicit form of these functions will be presented below.

Perform now the following transformations required to calculate both differential
and total cross-sections of the processes being investigated. The decomposition of
the polarization and dipole momentum vectors in terms of spherical basis vectors

ev(v=:1) is (Varshalovich et al., 1975):
= ’ L 1
e, Z CIACRE N Z €L B By )€, (12)
© (%
d=Yde, (13)
v v .
v
where D;H is the D-function of Wigner which defines the transformation of different
quantities in cases of the coordinate system rotations and depends on the correspon-

ding Eulerian angles (Varshalovich et al., 1975), gp“ is the matrix defining the pho-

ton polarization state and satisfying the normalization relations
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dv is the spherical components of the dipole moment vector (this spherical components
are defined in the laboratory coordinate system). It is convenient to connect them
with the spherical components of the dipole moment vector defined in the molecular

coordinate system. It may be done using relation:

v

d =y d, (r )0} (a,9,9), (15)
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where roare the coordinates of particles in the molecule, determined in the relative
molecular coordinate system, ¢, 4, ¢ - are the Eulerian angles defining the turn from
the laboratory coordinate system to the molecular one for the diatomic molecule under
consideration. This turn may be performed merely by alignment of z axis of the labo-
ratory coordinate system with the molecule axis. In this case one may choose the Eule-
rian azimuth angle « equal to zero. Since only the dipole moment component dz = d@ is
nonzero for the diatomic molecule in the molecular coordinate system, one can write

dh(r&)=do{re)6k0‘ (16)

Using wave functions (4), (8) and decomposition of dv and taking into account ortho-
gonality of the spherical basis vectors, the expression involved intoc the modulus

sign in (1) may be fepresented in form
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The quantity d,(r) = ¢§¢§d (r )¢ av is the ro-vibrational transition momen-
Py A'B A e TAB e

tum. This is the internuclear distance function calculated usually by the quantum
chemistry methods and for the molecule under consideration it will be discussed
below.

To simplify the guantity S, let us take into account the relation between Dép and
spherical harmonics (Varshalowich et al., 1975)
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and after the integration over the angular variables ¥ and ¢, S may be represented as
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where the following specification is introduced

I
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and G{:Iy is the Clebsh-Gordan coefficient.
KLY

In correspondence with the summation rule of the moments in gquantum mechanics, in
this expression the sum over 1 involves only two terms corresponding to 1 = Jtl, and
the sum over m lg absent because m = M-v.

To make the further rearrangement more convenient we introduce the following de-

signations:
Wy Bk . 30
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Then the photo association differential cross-section may be rewritten in form
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In order to obtain the total cross-section of the radiative association, it is
necessary to average the available differential cross-section over the relative mo-
mentum distribution of the colliding atoms, and to perform integration over the pho-
ton momentum directions and summation over two possible orthogonal polarization di-
rections of the photon.

To obtain the total cross-section, it is necessary also to carry out summation
over M, because the states corresponding to different angular momenta of the molecule
are degenerated. Using the properties of matrix gpm {see {14)), the rules of integra-
tion of Wigner D-functions, and summation of Clebsh~Gordan coefficients (Varshalovich
et al., 1975) one can obtain the following expressicn for the total cross-section of
radiative association which takes place with the transition from the continuum spect-
rum of the ground electrenic state to ro-vibrational state characterized by quantum

numbers v and J.

(24)
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The dependence of quantities Iwa on the rotational quantum number is involved
into expression due to parameters of the radial ro-vibrational functions @vJ. This
dependence, however, is very weak because the rotational energy is only a little
addition to the vibrational one. That is why, if we are interested in the results
the errors of which are within 5-10% (this is sufficient for the astrophysical appli-
cations), this dependence in the quantities IquJ may be neglected and hence one can
believe that they are dependent on vibrational quantum numbers alone. In this case

the expression (24) can be simplified and

2 3
o (qrE koo 7 (25)
vJ 3 2 3 J' qv
h” q
where
2
G 4J°+4J+2 (26)

J (2i+1)(2J-1)

It should be noted that for high quantum numbers J QJz(1+—§E), thus, even for
aJj

small values of J we have QJ = 1.

Further we will take QJ = 1, for it is easy to correct for this factor in the
final result

Thus in order to calculate the total radiative association cross-section of
the process under consideration the quantities I Y must be calculated.

For this aim it is necessary to have the Save functions of both discrete and
continuous vibrational spectra relating to one electronic state of the molecule,
and also the dependence of the dipole momentum on the internuclear distance.

In their turn the wave functions, as mentioned above, may be defined as solutions
of the Shroedinger equation with the potential corresponding to the potential inter-
action energy of atoms in the molecule.

It is well known that the curve of the potential function of the diatomic molecule
may be approximated by different types of potential functions. In our calculations
the Péshle-Teller potential function is used to approximate the molecular one.

The one-dimensional Schroedinger equation with the Pdshle-Teller potential

sh*(a r ) ch*(ar )
G e e i [ (27)
sh™(a r) ch™(a r)

(where r 1is the equilibrium internuclear distance and O is a constant) has norma-
e

lized solutions for the discrete and continuum spectra in form:

(27-13/4( (a=y)/2-v

¥ (r)=N z 1-z) F(-v,a-v,Y;2z),
v v

(28)
- Qy-1/a., _ieeafa+y  iq Y-a _ iq ..
Wq(r) qu (1-2) F[_i_ *5¢ 7 Yoo T; Z].

Here F(a,b;c;z) is hypergeometric function of z = thz(ar),
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where I'(x) is gamma-function, and parameters a and Y are defined by expressions
1 !
L 2 , 2Mp_ 2
e
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In order to calculate the dipole moment matrix element the explicit form of the

function d(r) must be given. This function may be expanded into Burman-Lagrange

series:
o -
ar)=Y arw'=§ d’B" (th®(ar)-th®(ar )", (31)
r r e
r=0 r=0
where B = chA(are)/(a sh(2are)). In this case the matrix element is calculated

analytically (Khersonskij, 1977), and we obtain the next result:
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If we restrict series (31) by "p" members we have to substitute in (34) the upper
limit of the sum over r by p. In this case the obtained expression does not contain
the infinite sum and becomes convenient for calculations. Besides that for a great

number of molecules the quantities a-Y and a+Y are large enough, and hence the modu-




lus of the product of I'-functions entered into ipﬁ(q} may be changed by factor

-1
[a+"(] {_2_"{]{(az—'}’z)2+2(a?'yi}cz;z/a%q'l/a‘;} 4 o (36)
(a™-7") /
4 \
(el ]ttt
a*Y) (a ~Y) +q /a)

\/ 2 22022472 )PP gt ot
The cross-section of the inverse process, photo dissociation, can be obtained
using the derived results on the radiative association cross-section by Milne re-
lationship:

o (k)~2[] o (q). (37)

3. RESULTS OF NUMERICAL CALCULATICNS

The potential curve for the LiH molecule has been calculated in a number of works

(Stwalley et al., 1977) and is shown in Fig. 1. Here the straight lines shoy the lo-
cation of the discrete vibrational levels, the arrows indicate the free-bound (radi-

ative association) and bound-free (photo dissociation) transitions
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A scheme of the free-bound vibrational transitions within the ground Lsi

electron state of LiH molecule. The potential curve is taken from Stwalley et al.
(1977).

Fig. 1.

As it was mentioned above one can approximate this potential function by the
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Poshle-Teller one. For this aim it is necessary to set three quantities: the dissoci-
ation energy De, internuclear distance r, and quantity o defining curvature of the
potential function.

It should be noted that the parameters of the potential, selected by using the ap-
proximation curve formed within a predetermined range of the internuclear distance,
are not sufficiently good to be applied to the other region. In other words, in spite
of the good agreement of the true potential and P&éshle-Teller one, in order to desc-
ribe correctly the energy spectrum of the vibrational state for low, medium and high
vibrational quantum numbers we have to use several different approximations.

The summary of the P&shle-Teller potential parameters for the corresponding re-
gions of the vibrational quantum number variations is given in Table 1. The suggested
values allow us to make further calculations of cross-sections under the conditions
of the known functional dependence of the dipole momentum on the internuclear dis-
tance. The calculations of this function were carried out by Zemke and Stwalley
(1980), and the results are presented in Fig. 2. In order to make calculations analy-
tically in correspondence with the technique suggested in Section 2, we approximate
this function by the following polynomials: d(z) = do+ a(z—ze) + b(z—ze)z— c(z—ze)9
(all these approximations are shown in Fig. 2). They were made so that the dipole
moment function behaviour should be represented correctly in the internuclear dis-
tance region which is most important in the calculation of the integral I , corres-
ponding to the defined values of the quantum number v. For instance, for fow values
of the quantum number the region of internuclear distance R=(2.25-4.5) is most signi-
ficant, therefore in this region we use the approximation polynomial with coeffi-
cients given in the first column of Table 1. As quantum number values will increase

the range in the region of the large values of r must be taken into account.

Table 1. Poshle-Teller potential parameters and
coefficients of the polynomial approximating the
function of the dipole momentum of LiH molecule

for different vibrational levels.

v= 0+5 6+11 12#17 1824
1 0.31 0.329 0.36 0.403
1 2.515 2.65 2.89 3.245
3 3.015 2.99 2.96 2.925
2 4.0 4.6 5.33 6.2

b 7.7 7.75 7.79 7.7

c 2.8x10% | 8.5x10° | 3.7x10% | 3x10°

The derived approximations allow to make complete calculations of the radiative

association and photo dissociation cross-sections.

7 Actpodus. uccn.,r. 36. 97
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Fig. 2. Approximation of the dipole momentum function of LiH molecule in the ground
Is* electron state at different intervals of internuclear distances. The dipole

momentum function is taken from Zemke and Stwalley (1980).

Now we proceed to a discussion of calculation results. The results of calcula-
tions of partial radiative photo association cross-sections as a function of relative
velocities of the colliding atoms in the region v = 10°- 107 cw/s are given in Table
2 and presented partly in Fig 3. Analysis of the data reveals the following important

features of behaviour of the cross-section under investigation.
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Table 2. Logarithm of photoassociation

of LiH molecule (sz)

cross-section

Lg () v=0 v=1 v=2 v=3 v=4 v=5
(cm/s)
3.4 -33.858 -32.144 -30.724 -29.479 -28. 363 -27.352
3.5 -33.970 -32.257 -30.837 -29.593 -28.477 =27.467
3.6 -34.061 | -32.348 | -30.930 | -29.686 | -28.571 | -27.562
3.7 -34.164 -32. 450 -31.030 -29.785 -28. 668 -27.657
3.8 -34.270 -32.556 -31: 137 =29:892 -28.777 =27.767
3.9 -34.372 -32. 657 -31.236 ~29. 991 -28.874 -27.862
4.0 -34. 491 -32.778 -31.358 -30.113 -28.998 -27.988
4.1 -34. 602 -32.888 -31. 467 -30. 222 -29.105 -28.094
4.2 -34.730 -33.016 -31.597 -30. 352 =29.237 -28.226
4.3 | -34.871 -33.158 | -31.738 | -30.494 | -29.378 | -28.368
4.4 -35.013 -33.299 -31.878 -30.633 -29.517 -28. 506
4.5 -35.178 -33. 465 -32.046 -30. 803 -29.688 -28.678
4.6 -35. 350 -33. 637 -32.217 -30.970 -29.853 -28.843
4.7 -35.539 -33.826 -32. 407 -31.163 -30. 047 -29.037
4.8 | -35.725 | -34.010 | -32.590 | -31.344 | -30.227 | -29.215
4.9 -35.921 -34.207 -32.787 -31.542 -30. 426 -29.415
5.0 -36.132 -34.418 -32.998 -31.753 -30.636 -29.625
5.1 -36.335 -34.620 -33. 200 -31.955 -30.839 ~29.829
5.2 -36.538 -34.824 -33. 404 -32.159 -31.043 -30.032
5.3 -36.760 -35. 045 -33.624 -32.378 -31.261 -30. 249
5.4 | -36.975 | -35.260 | -33.839 | -32.594 | -31.478 | -30.466
5.5 | -37.205 | -35.489 | -34.068 | -32.822 | -31.704 | -30.692
5.6 -37. 457 -35.740 -34. 318 -33.071 -31.953 -30. 940
5.7 -37.740 -36.021 -34.597 -33.348 -32.228 =31.213
5.8 -38.077 -36. 354 -34. 927 -33.675 -32.553 -31.535
5.9 -38.475 -36.746 -35.314 -34.059 -32.933 -31.912
6.0 -39. 059 -37.319 -35.878 -34.615 -33. 482 -32.454
6.1 -39.887 -38.129 -36.673 ~35.397 -34. 253 -33.214
6.2 -41.178 -39.394 =37:917 -36.623 -35.461 -34. 406

Table 2 (continued). Logarithm of photoassociation cross-section

of LiH molecule (cma)

Lg () v=6 v=T7 v=8 v=9 v=10 v=11
3.4 -25.922 -25.149 -24.412 -23.741 -23.195 -22.594
3: 5 -26.018 -25.245 -24.506 -23.838 -23.285 -22.684
3.6 -26.110 -25.335 -24.596 -23.924 -23.374 =22.774
3.7 -26.222 -25. 450 -24.713 -24.042 -23. 495 -22.896
3.8 -26.318 -25.543 -24.804 -24.132 -23.583 -22.983
3.9 -26.430 -25.658 -24.921 -24.250 -23.705 -23.104
4.0 -26.529 -25.755 -25.016 -24.344 -23.794 -23.194
4.1 -26.639 -25.864 -25.125 -24.454 -23.905 -23. 304
4.2 -26.770 -25.999 -25.262 -24.591 -24.045 -23.444
4.3 -26.883 -26.109 -25. 369 -24. 697 -24.147 -23.547
4.4 -27.013 -26. 240 -25.501 -24.830 -24.281 -23.681
4.5 -27.165 -26.391 -25.653 ~-24.982 -24.433 -23.833
4.6 =27.321 -26.548 -25.809 -25.137 -24.589 -23.988
4.7 -27.514 -26.743 -26.006 -25.336 -24.790 -24.190
4.8 -27.691 -26.919 -26.182 -25.512 -24.965 -24. 366
4.9 -27.870 -27.096 -26. 356 -25.684 -25.133 -24.532
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Table 2 (continued). Logarithm of photoassociation cross-section

of LiH molecule (sz)

Lg(#) v=6 v=7 v=8 v=9 v=10 v=11
5.0 -28.084 -27.310 -26.572 -25.901 =25..352 -24.752
S 1 -28.286 -27.513 -26.774 -26.103 -25.554 -24.954
5.2 -28.470 -27.694 =26.955 -26.283 -25.731 -25.133
5.3 -28. 687 -27.910 =27. 171 -26.499 -25.946 -25.348
5.4 -28.891 -28.114 -27.375 -26.702 -26.148 -25.550
5.5 =297 107 -28.329 —27.592 -26.920 -26.365 -25.769
5.6 -29.332 -28.553 -27.815 -27.144 -26.586 =25.992
5.7 -29.560 -28.775 -28.036 -27.363 -26.796 -26. 205
5.8 -29.832 -29.043 -28.304 -27.631 -27.056 -26.470
5.9 -30.125 -29.328 -28.586 =~27.909 =27.322 -26.739
6.0 -30.545 -29.736 -28.987 ~28..303 -27.700 -27.117
6.1 -31.142 -30. 318 -29.560 -28.865 -28. 242 -27.655
6.2 -32.133 -81.292 -30.518 -29.809 -29.165 -28.568

Table 2 (continued). Logarithm of photoassociation cross-section

of LiH molecule (cm®)

Lg() v=12 v=13 v=14 v=15 v=16 v=17
3.4 ~-20.873 -20. 497 -20.214 -20.057 ~19.956 -19.994
3.5 -20.972 -20.596 -20.312 -20.154 ~-20.052 -20.088
3.6 -21.076 -20.701 -20. 417 -20. 259 -20. 158 ~20.195
3.7 -21.182 -20. 807 -20.523 -20. 366 -20. 265 -20. 302
3.8 -21.300 -20.924 -20.641 -20. 483 -20.382 -20.419
3:9 -21.404 -21.029 -20.745 -20.587 -20. 486 -20.523
4.0 -21.541 -21.166 -20. 882 -20.725 -20.624 -20.662
4.1 =21..692 =21.°317 -21.034 -20.877 =20.777 -20.817
4.2 -21.813 -21.437 -21..152 -20.994 -20.891 -20. 927
4.3 -22.004 -21.629 -21.345 -21.188 =21.087 -21.125
4.4 -22.169 -21.794 -21.510 =21.351 ~21.250 -21.286
4.5 -22.364 -21.988 -21.705 -21.546 -21.444 | -21.481
4.6 -22.566 -22. 191 =21. 907 -21.748 -21.646 -21.682
4.7 =22. 785 -22. 409 -22.124 -21.966 -21.863 -21.899
4.8 -22.996 -22.620 -22.335 -22.177 -22.075 =22.111
4.9 -23.185 -22.810 -22.525 -22.367 -22.264 -22.299
5.0 -23.382 -23.007 -22.722 -22.562 -22.458 -22.491
5.1 -23..595 -23.220 -22+933 -22. 772 -22.668 -22.698
5.2 -23.808 -23.430 -23.144 -22.982 -22.875 -22.905
5..3 -24.002 -23.624 -23.335 =23.-169 -23.057 -23.079
5.4 -24.194 -23.814 =23.522 =23.7351 =23.233 -23.244
5.5 -24.396 -24.014 -23.718 -23.540 -23.413 -23.412
5.6 -24.617 -24.231 -23.929 -23.741 -23.602 -23.583
5.7 -24.827 -24.437 -24.127 -23.925 -23.768 -23.724
5.8 -25.072 -24.675 -24. 353 -24,132 -23.953 ~23. 877
5.9 -25.332 -24.928 -24.592 -24. 346 -24.140 -24.026
6.0 -25.649 -25.235 -24.885 -24.612 -24.378 -24.224
6.1 -26.088 -25.664 ~25,.:297 -24.995 -24.734 -24.540
6.2 -26.770 -26.333 -25.949 =25,621 =25. 335 ~25. 106
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Table 2 (continued). Logarithm of photoassociation cross-section

of LiH molecule (cm2).

Lg(n) v=18 v=19 v=20 v=21 v=22 v=23

-20.196 -20.739 -21.297 -22.063 -23.237 ~25.483
-20.299 -20.843 -21.401 -22.167 -23.341 -25.587
-20.423 -20.972 -21.532 -22.298 -23.473 -25.715
-20.552 -21.106 -21.667 -22.433 -23. 605 -25.845
-20.693 -21.253 -21.816 -22.582 ~-23.754 -25.988
-20.813 =21..373 -21.938 -22.704 -23.874 =26 107
~-20.957 -21.517 -22.081 -22.847 -24.017 -26.245
-21.075 -21.626 -22.186 22952 -24.122 -26.346
-21.238 -21.790 -22.350 -23.115 -24.284 -26.497
-21.477 -22.041 -22.605 -23.369 -24.533 -26.723
-21.649 “22.520D -22.767 -23.529 -24.690 -26.857
-21.855 -22. 409 -22.968 -23.728 -24.883 -27.010
-22.097 -22.659 -23.220 -23.976 -25.119 ~27.183
=22.265 =22.811 -23.364 -24.114 -25.244 =27.227
-22.488 -23.036 -23.587 -24.330 -25.434 =27T.-295
-22.696 -23.243 -23.788 -24.519 =25,587 -27.291
-22.890 -23. 438 -23.976 -24.687 =25.703 ~27.219
-23.063 -23.590 -24.111 ~24,792 -25.734 -27.031
=23, 259 -23.778 -24.279 -24.918 -25.767 —-26.843
-23. 408 -23.904 -24.373 -24.956 ~25..691 —-26.558
-23.573 -24.043 -24.470 -24.980 ~-25.587 -26.271
-23.682 -24.107 -24.478 -24.905 -25.389 =25,932
-23.769 -24.139 -24. 443 -24.781 -25. 155 -25.594
-23.816 -24.124 -24.360 -24.603 -24.897 -25. 266
-23.'829 -24.057 -24.220 -24. 402 -24.620 -24.945
-23.816 -23.962 -24.060 -24.185 -24.358 -24. 660
-23.804 -23.873 -23.919 -24.003 -24.147 -24.441
-23.843 -23.841 -23.847 -23.901 -24.030 ~24.322
-24.092 -24.039 -24.016 -24.051 -24.168 -24. 462

PONNNNNNNNNNAPRPERERRREPRPOOOLOOR
NFPOWOVWONOTURWNFRL,OVWONOTNERWNRLOWOWOW-IO U

First of all there is a strong dependence of the cross-section on the vibrational
quantum number v. In the region of low vibrational quantum numbers the growth of v
leads to increase in the photo association cross-section by several orders of magni-
tude (see curves v = 0, 4, 8, 12 in Fig.3), however, there is a range of vibrational
quantum numbers in which the partial cross-sections have maximum, and further in-
crease of v will result again in a decrease of partial cross sections. It must be
stressed that similar dependences of partial cross-section on the vibrational quantum
number have been noted in a number of works (see for example Khersonskij, 1977). On
the whole it is due to the fact that the bound molecule can be formed easier out of
atoms in such quantum states which correspond to the larger vibrational amplitude.
For quantum number values near the dissociation threshold the connection between dis-
crete vibrational states and the continuum ones is very strong therefore the photo
association cross-section decreases for these vibrational quantum numbers. Hence the
region of vibrational quantum numbers, for which the partial cross-sections are lar-
gest, is clearly expressed and for the LiH molecule being investigated this region
includes quantum numbers v = (15-17).

The dependence of cross-section on velocity of the colliding particles on the
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whole tends to decrease, which is always characteristic of cross-section of this kind
of processes, because the particles which have the large velocities of relative mo-
tion spend relatively little time within the integration region. However, as one can
see from Fig.3, for the partial cross-sections of radiative association into high
vibrational levels this dependence is somewhat violated, which is connected with the
peculiarity of behaviour of the dipole momentum function. The matter is that this is
the region of internuclear distances, where the dipole momentum function has a large
derivative value, that yields the main contribution into the matrix element of the
dipole momentum (corresponding to the free-bound transition) for high vibrational le-
vels.

Thus, if atoms interacting at large velocities spend longer time at large distan-
ces, this region (due to the above mentioned circumstance) enhances the matrix ele-
ment value and hence the cross-section on the whole. It must be added that with fur-
ther growth of velocity the cross-sections values will decrease.

The results of the calculations of partial photo dissociation cross-sections as
a function of wavelength of incident photons in the region A = 10—2 = 5.10—5 cm are
given in Table 3 and Fig. 4. As it was noted above, these data have been obtained by
the use of the Milne relationship and radiative association cross-sections. The pre-
sented results show the following important peculiarities which partly repeat similar

features in the behaviour of the radiative association cross-sections.
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Fig. 4. The dependence of photodissociation of LiH molecule (bound-free transitions

in '3" electron state) on wayvelength of photons.
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Table 3. Logarithm of photodissociation cross-section

of LiH molecule (cm?).

Lg(A) v=0 vi=1 v=2 v=3 v=4 vi=35
(cm) ‘

-1.5 -39.752 -37.269 | -35.132 | -33.216 | -31.467 -29.859
-1.6 -39.647 -37.165 -35.027 | -33.111 -31.363 | -29.755
-1.7 -39.541 -37.058 -34.921 -33.005 | -31.257 -29.649
-1.8 -39.435 -36.953 | -34.816 | -32.900 | -31.152 | -29.544
-1.9 -39.328 -36.846 -34.709 | -32.793 | -31.045 | -29.437
-2.0 -39.219 -36.737 | -34.600 | -32.684 | -30.937 -29.329
-2.1 -39.108 -36.626 -34.490 | -32.574 | -30.826 -29.219
-2.2 -38.990 -36.509 | -34.373 | -32.457 | -30.710 -29.102
-2.3 -38.877 -36.395 -34.260 -32.344 | -30.597 -28.990
-2.4 -38.753 | -36.272 -34.137 | -32.221 -30. 475 ~28. 869
-2.5 -38.626 -36.145 | -34.010 | -32.095 | -30.349 -28.743
-2.6 -38. 492 -36.011 -33.877 | -31.963 | -30.217 -28.612
-2.7 -38. 347 -35.867 -33.733 | -31.820 -30.075 -28.470
-2.7 -38.191 -35.712 -33.579 | -31.667 | -29.923 | -28.319
-2.8 -38.190 -35.711 -33.578 | -31.666 | -29.924 | -28.318
-2.9 -38.020 -35.543 -33.411 -31.500 | -29.757 -28. 155
-3.0 -37.832 -35.356 | -33.225 | -31.315 | -29.574 | -27.974
-3.1 -37.621 -35. 147 -33.018 | -31.110 | -29.371 -27.772
-3.2 -37.382 -34.910 -32.784 | -30.878 -29.142 -27.546
-3.3 -37.109 -34.640 -32.516 -30.614 | -28.882 -27.289
-3.4 -36.788 -34.322 -32.203 | -30.306 | -28.577 | -26.989
-3.5 -36.411 -33.951 -31.838 | -29.946 -28.223 | -26.641
-3.6 -35.971 -33.517 | -31.411 -29.526 -27.812 -26.237
-3.7 -35.438 -32.994 | -30.898 | -29.024 | -27.319 -25.755
-3.8 -34.799 -32.368 -30.286 | -28.426 | -26.737 -25.188
-3.9 -34.040 -31.628 -29.565 | -27.726 | -26.058 -24.526
-4.0 -33.120 | -30.737 -28.703 | -26.894 | -25.254 | -23.750
-4.1 -32.036 -29.696 -27.707 -25.936 -24.329 -22.841
-4.2 -30.794 -28.520 -26.586 | -25.048 -24.200 -23.455
-4.3 -29.639 | -28.254 -27.157 | -26.232 | -25.435 | -24.733
-4.3 -31.208 | -29.878 -28.838 | -27.965 | -27.212 -26.549
-4.4 -31.235 -29.902 | -28.863 | -27.990 | -27.237 -26.575

Table 3 (continued). Logarithm of photodissociation cross-section

of LiH molecule (cmz).

Lg(A) v=6 v=7 v=8 v=9 v=10 v=11
“1:9 -27.010 -25.712 -24.512 -23. 402 -22.390 -21.444
-1.6 -26.907 -25.608 -24. 409 -23.299 -22.283 -21.339
o T -26.804 -25.505 -24.304 -23.196 -22.182 -21.236
-1.8 -26.699 -25.400 -24.199 -23.092 -22.076 -21.128
-1.9 -26.594 =25.296 -24.096 -22.988 ~21.973 -21.025
-2.0 -26. 487 -25.188 -23.989 -22.883 -21.866 -20.919
=2.1 -26. 380 -25.082 -23.882 =22.775 -21.758 -20.814
~2.2 -26. 268 -24.972 =23. 775 -22.662 -21.649 -20.703
~2.3 -26.155 -24.858 -23.658 ~22.:551 -21.536 -20. 602
-2.4 -26.038 -24.741 -23.542 -22.435 -21.425 -20. 477
~2.5 ~25.915 -24.619 -23. 422 -22.316 -21.303 -20. 356
-2.6 -25.790 -24.495 ~23.297 =22.191 -21.181 -20.232
2.7 -25. 657 -24.361 -23.164 -22.062 -21.048 -20.102
-2.8 -25.513 -24.221 -23.025 -21.922 -20.911 -19.968
¥2:9 -25.359 -24.068 ~22.873 -21.771 -20.764 -19.824
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Table 3 (continued). Logarithm of photodissociation cross-section

of LiH molecule (cm?).

Lg(A) v =6 v=7 v=8 v=9 v=10 v=11
-3.0 -25.194 -23.903 =22.712 -21.610 -20.603 -19.662
-3.1 -25.009 -23.722 -22.531 -21.433 -20. 435 -19. 489
-3.2 -24.806 -23.520 -22.335 -21.240 -20. 240 -19.296
=8..3 -24.576 -23.296 -22.113 ~21.023 -20.023 -19.092
-3.4 -24.312 -23.038 -21.859 -20.769 -19.785 -18.848
-3.5 -24.009 -22.741 =21.573 -20.494 =19.510 -18.574
=3..6 -23.663 -22. 406 -21.243 -20.169 -19.197 -18.273
-3.7 -23. 257 -22.013 -20. 860 -19.803 -18.841 -17.907
-3.8 -22.786 -21.559 -20.428 -19.383 -18. 428 -17.479
=3..9 -22.252 -21.054 -19.943 -18.916 -17.981 -17.430
-4.0 -21.653 -20. 486 -19.438 -18.803 -18.331 ~17.852
-4.1 -21.128 -20. 465 =19, 862 ~19, 317 -18.868 -18.439

=l 2 -21.746 -21.132 -20. 586 -20. 097 ~19.673 ~19.283
-4.3 -22.757 -22.196 -21.692 -21.245 -20. 846 -20. 487
-4.4 -24.292 -23.769 -23.298 -22.878 ~22.502 -22.167

Table 3 (continued). Logarithm of photodissociation cross-section

of LiH molecule (cm2).

Lg(A) v=12 v=13 v=14 v=15 v=16 v=17
-1.5 | -19.515 | -18.774 | -18.111 | -17.536 | -17.003 | -16.569
-1.6 -19.415 -18.679 -18.011 -17.431 -16.907 -16. 488
-1.7 -19.307 -18.573 -17.908 -17.332 -16.812 -16.384
-1.8 | -19.204 | -18.469 | -17.813 | -17.233 | -16.703 | -16.257
=1. 9 -19.103 -18.373 -17.704 -17.114 -16.591 -16.158
-2.0 | -18.999 | -18.270 | -17.603 | -17.019 | -16.477 | -16.068
-2.1 | -18.892 | -18.152 | -17.492 | -16.905 | -16.376 | -15.945
-2:2 -18.786 -18.048 -17.385 -16.803 -16.279 -15.845
-2.3 | -18.676 | -17.936 | -17.273 | -16.689 | -16.165 | -15.737
-2.4 | -18.560 | -17.829 | -17.161 | -16.576 | -16.046 | -15.633
=2:5 -18.441 &1 012 -17.052 -16. 467 -15.930 -15.501
-2.6 | -18.324 | -17.592 | -16.923 | -16.343 | -15.806 | -15.388
-2.7 -18.200 -17.478 -16.801 -16.215 -15.689 -15.277
=2.8 ~18, 073 -17.342 -16.669 -16.097 -15.558 -15.141
-2.9 -17.933 -17.209 -16.536 -15.942 -15. 407 -14.983
-3.0 -17.784 -17.058 -16.392 =15, 797 -15.264 -14.822
-3.1 -17. 626 -16.889 -16.220 -15.627 -15.101 -14.682
-3.2 | -17.458 | -16.714 | -16.043 | -15.451 | -14.908 | -14.483
-3.3 | -17.269 | -16.523 | -15.838 | -15.253 | -14.699 | -14.260
-3.4 -17.051 -16. 300 -15. 605 -15.007 -14. 450 -14.111
-3.5 -16. 805 -16.039 -15.341 -14.735 -14.282 -14.199
=3:6 -16.508 -15.726 -15.015 -14.557 -14. 404 -14.272
=3.7 -16. 169 -15.366 -14.967 -14.753 -14.569 -14. 444
-3.8 | -15.839 | -15.486 | -15.218 | -15.011 | -14.794 | -14.670
-3.9 | -16.118 | -15.793 | -15.509 | -15.278 | -15.079 | -14.942
-4.0 -16. 496 -16.164 -15.898 -15.671 -15.475 -15.330
-4.1 -16.988 -16.678 -16. 407 -16. 189 -16.004 -15.859
-4.2 -17.652 -17.360 -17.111 -16.898 -16.722 -16.581
-4.3 -18.589 -18.317 -18.080 -17.880 -17.710 -17.575
-4.4 | -19.894 | -19.636 | -19.415 | -19.225 | -19.065 | -18.936
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Table 3 (continued). Logarithm of photodissociation cross-section

of LiH molecule (cm?).

Lg(A) v=18 v=19 v=20 v=21 v=22 v=23

-15.975 -15.929 -15.847 -15.799 -15.849 -16.000
-15.870 -15.835 -15.771 -15.677 -15.730 -15.915
-15.776 -15.727 -15.629 -15.637 -15.634 -15.786
-15.657 -15.614 -15.517 -15.535 -15.559 -15.688
-15.598 -15.494 -15. 425 -15.380 | -15.380C -15.623

~1.
~1.
=1
=1.
=1,

-15.983 -15.947 -15.949 -16.004 -16. 140 -16. 446
-16.948 -16.915 -16.917 -16.974 -17.116 -17. 426

-4.
-4.

5

6

7

8

9
-2.0 -15.481 -15. 448 -15.337 -15.285 -15.315 -15.509
=21 -15. 360 ~15.298 -15.199 -15.212 -15.238 -15.434
-2.2 -15.249 -15.226 -15.082 -15.109 -15.080 -15.328
-2.3 -15. 140 -15.104 -15.051 -15.035 -15.042 -15.242
-2.4 -14.998 -14.970 -14.964 -14.836 -14.948 -15.106
=245 -14.919 -14.904 -14.803 -14.767 -14.835 -14.993
-2.6 -14.814 -14.844 -14.699 -14.660 -14.742 -14.938
-2.7 ~14.732 -14.663 -14.609 -14.599 -14.646 -14.844
=2..8 -14.600 -14.567 -14.500 -14.510 -14.565 -14.779
2.9 -14.479 -14.529 -14.371 -14.380 -14.501 -14.713
-3.0 -14.318 -14.345 -14.384 -14.346 -14. 361 -14.616
-3.1 -14.184 -14.283 -14.228 -14.241 -14.330 -14.551
-3.2 -14.079 -14.182 -14.139 -14.169 -14.253 -14. 498
-3.3 -14.013 -14.099 -14.129 -14.131 -14.236 -14. 442
-3.4 -14.020 -14.040 -14.047 -14.076 -14.173 -14. 402
-3.5 -13.994 -14.023 -14.030 -14.061 -14.127 -14.384
~3:.6 -13.996 -14.026 -14.007 -14.031 -14.135 -14. 401
-3.7 -14.022 -14.063 -14.011 -14.054 -14. 164 -14. 451
-3.8 -14.130 -14.118 -14.090 -14.132 -14.240 -14.535
-3.9 -14.268 -14.248 -14.226 -14.255 -14.391 -14.669
-4.0 -14.490 -14.458 -14. 444 -14.486 -14.614 -14.905
-4.1 -14.823 -14.783 -14.775 -14.825 -14.951 -15.256
-4.2 -15.299 -15.262 -15.260 -15.310 -15. 443 -15.749

3

4

First of all there is a strong dependence of the cross-section on the vibratio-
nal quantum number v; when v grows the cross-sections increase by several orders of
magnitude. Physically this corresponds to the fact that the molecule in the high vib-
rational state (i.e. the molecule having large vibrational amplitude) can easily be
destroyed by even small additional energy imparted to it. Low vibrational states are
considerably more stable, and require substantial energies to destroy the molecule.

As the wavelength of the photon grows the cross-section of photo dissociation
decreases. Naturally, it is associated with the reduced capability of low energy pho-
ton to destroy the molecule. The cross-section tends to zero as the photon frequency
approaches the threshold frequency vth= (De—Ev)/h. If v >> vth the cross-section dec-
reases too; it was already noted in the previous papers (see for example Khersons—
kij, 1977). Thus in some region of wavelengths the partial cross-sections have maxima
which can distinctly be seen for quantum numbers v = 8. Maxima for the partial cross-
sections corresponding to low values of v lie outside the wavelength region under
consideration.

On the whole as one can see from the presented results, the partial cross-
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sections of both radiative association and photo dissociation may achieve large va-

lues especially for high quantum numbers v. It should be noted again,

this is a con-

sequence of the fact that the dipole momentum function for LiH molecule depends

strongly on the internuclear distance, i.e. it possesses large derivatives in the

most important region of internuclear distances.
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