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Calculations have been performed for auto-detached one-particle excited '*S-states
of negative hydrogenium ion. Adiabatic approach was applied with channel func-
tions, which were obtained using K-harmonics and by solving the two-dimensional
boundary problem. Tt was shown that the rate of convergence for series with K-
harmonics is comparatively low, The revealed auto-detached "S-states for H™ may
be observed in the scartering process of electrons on hydrogenium atoms. Compara-
tive investigations of results received by different methods of calculation for ground
and lower excited states of H and He have been performed. It was shown that en-
ergy level shift, conditioned by non-adiabatic potential is about 107 a.u.

The investigations of the correlation in correlation in atomic systems at medium and
hyperspherical coordinate method at the asymptotic values of hyperradius (see, e.g.
small values of the hyperradius were carried the reviews [4-6]).
out for the first time by T.Gronwall [I], Th lafivistic Schradi
I.Bartlett [2], V. Fock [3] on the basis of . e non-relativistic Schrodinger equa-
studying the ground state of the helium atom. tion for three Eamc]es is equivalent to the
Several works were devoted to the study of system of equations
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of the wave function of relative motion and first equation of the system (1).
the wave function of center-of-mass motion For the 'S states of helium-like systems
(‘Fip, 1. Ry=®(p,T)p(*R)). Now the main the equation of relative motion in these co-
problem is to find partial solutions of the ordinates has the following form [7]:
S -l-_j-—[ﬂ : ff% i +V (R,a.0)} ¥ (R,0,0)=E¥Y(R,a,8), (5
2p| R° OR R 3
where

ﬂza , 12 l-i(sinla g )-l‘- ‘1 g [sin&ij—l

do

is the operator of ground angular momentum.
Equation (5) may be solved by using K-harmonics. In this case the wave function w(R,c.8)
is represented in a series

P(R,a.6) =R e e ()
where Fun{R) are unknown radial functions, We proposed to solve a partial differen-
Do (08) are K-harmonics, which are deter- tial eguation for the problem of channel
mined by boundary problem functions with corresponding boundary con-
- d1tmns In the rotation coordinales system
AN (2,0)=-2p,,(2,0), (7) for '*S-states the equation for adiabatic po-

tentials takes the form [7]
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with boundar}' conditions
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The problem (7) - (8) may be solved in = LRtz (Rad)=0
E"ﬂ;?;;uﬁzm #nd the eignvalues ace given In adiabatic approach the channel func-
¥ tion may be presented as a product of two
A=+ mntmi)=cc+2), () functions
: K (Ry0,0) = g, (R,a) £, (R, 0), (11)
wherte s =n + m =10, 1, 2..., 15 quantum :
number of ground angular momentum, p = m 1}'3“3 Enf’ R_:':f] and f(R,8) are unknwp func-
—n, (p=-0,-c+2...,0c)isits project on tions, which obey the following conditions
axis of quantization. Eigenfunctions are 1o (0,0,0)=g,(0,a)f, (0.8) =g, (2,6).(12)

given by the formula To solve equation (10) with boundary

conditions (12) we take the first step of it-

?"'r.um (gag} = ‘hrm,u (Sin al)m * E:I‘ﬁtiﬂl‘l:
xC"*"(cosa)F,(cost), 70 (R,,0) = gV (Ra)B C050),
where N,. are normalizing factors, ( G (R, e,0) = g (R,e) fL7(R,0) )

C,™ (), Pofx) are Gegenbauer and Legen-
dre polynomials of degree n and m respec-
tively.

Then to determine g, ’(R,o) from (10)
we obtain the following equation:
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O L(R,a,0) £ )g"(R,a)=0. (14)

Here brackets (,) denote integration over
angle © with the weight function sin@. By
solving equation (14) we obtain g''/(o) and
adiabatic potential U“]'(R]. In the second step
we put

2 2(Ra,0)=g"(Ra6)f"(R.a8).(15)

For determining f",(R.8) the following
equation is to be used

(", LR &L ORH=0.  (6)

In (16) integration is over angle ¢ with the
weight function sin® . Solving equation (16)
we obtain /",(R,0) and adiabatic potential
U?(R). Let us continue this process until the
condition | D‘K@M(R) - bﬁ'!}m{R) | < g is sat-
isfied, & being the given precision defining
for adiabatic potentials. These functions may
be used as basic to obtain partial solutions of
equation (3). In this case solutions are repre-
sented in a series.

¥(R,2,0)=3 F,(R)y,(R,a,0)- (17)

For unknown coefficient F it is easy to obtain the system of differential equations
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here P and (2 are nonadiabatic potentials, which are determined by channel functions
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The described process has been realized
numerically for lower adiabatic potentials,
which describe singlet and triplet states of
the helium atom and negative hydrogen ion.
The received adiabatic potentials for nega-
tive hydrogen ion have potential holes,
which ensure formation of bound state in
singlet state and autodetachment in singlet
and triplet states for basic '~'S-series. The re-
sults of calculation of energies in adiabatic
and Born-Oppenheimer approximations are
represented in Tables 1-2.

As it 13 seen from the data presented in
Table 1, increasing the dimension of basis
allows obtaining better results for energies.
Moreover, series expansion in K-harmonics
(6) has the same value of convergence rate as
using channel functions, which are obtained
by reduction of problem (10) to solution of
the system of homogenous algebraic egua-
tions. If we account correlations using chan-
nel functions (11}, the results would be better
in comparison with those received by solving
a system of 36 radial equations [8]. This we

e

may also conclude from the results of calcu-
lations for 'S(1s%) and 35[1325} states of he-
lium atom (see Table 2 and [10]). As it is
seen from this table, the energy of *S(1s2s)
state is in a very good agreement with ex-
perimental data.

The obtained channel functions and ra-
dial wave functions allowed us to calculate
average and root-mean-square hyperradius
values for singlet and triplet states of nega-
tive hydrogen ion:

'S(1s%): <R>=4.056 a.u.
x-'l'i R = 4.471 a.u.
'S(1s2s): <R==11.106 au,
x-’IF_:’; =12.5 au,
*S(1s2s): <R>=99%au.
.'{'}{-'1} =1042 au
*8(1s3s): <R>=14.57 a.u.

'ﬁ. Ri":, =15.62 aun
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Table 1. Dependence of energies (<E a.n.) of ground ¥*§ — states of H™ on n-dimensional basis for channel functions

| States n(a) AACF[8] | SRCF[8] | Present calculations
| KH [9] L B-OCE: & AACE B-0 TDB
U N
| HS(1s) | 1(0) 0.3851 0.52686
1 SR 0.3854 !
E e (148084 0.4807 0.4832 0.4793 JI
i 0.4808 g
L9(5) 0.50118 0.5026 0.5077 0.5021 |
: S a0 S i
16(10) T 0.5188 0.5207 0.5283 0.5208 ;
0.5251 |
72(15) | g __] 05320
s | | 052668 | {
| H 9(5) | | 03885 | 0.478
| 7S(1s2s) | 16(T) - | 04158 | 0.4128
36(11) _ﬁ S 0.4455 0.4419
| (S S A N A N O 60 s
| | 100(19) = [ 04702 |

AA CF - adiabatic approximation using channel functions;
SR CF — system of radial equations using channel functions;

KH — K-harmonics method;

B-0 CF — Born-Oppenheimer approximation using channel functions;
B-O TDE - Bom-Oppenheimer approximation using two-dimension basis,

Table 2. Dependence of energies (-E a.u.) of ground "S- states of He on n-dimensional basis for channei functions

[ States n{o) KH [9] Present calculation Experiment
B-Q CF B-O TDB

'S (159 9%5) 2.8502 2.8670 | 2.9109 2.9037
36(10) % 2.8936 2.9169 ‘
121(20) 2.9037

*S (152s) 95) | 1.8975 SRR R
12(6) 1.8576
30(10) | Toren i iy

KH - E-harmonics method.

It must be pointed out that the obtained
average and root-mean-square hyperradius
values slightly depend on the dimension of
basis, which is used for obtaining adiabatic
potentials and channel functions.

S0, we may state that the two-
dimensional basis is effective for description
of angular and some radial correlations. For
more complete account of these correlations
one has to solve a system of radial equations

{18). Such calculations we are going to per-
form in our further investigations.
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T'MEPCO®EPUYHUH ITIIXIT
Y MAJIOYACTHHKOBHUX CHCTEMAX

M.I.Taiicax’, M.M.Joeranuu’, B.B.Onuceko’

"uctuTyT enextpounot disuxn HAH Yipajun,
ByJ. YHiBepeHTeTCERA, 21, Yaropon, 88016

? Vkroponcekuil HalioHatsHRA vEiBepcHTer, By Ilinripha, 46, Viropox, 88000

Briepitie APOBEASHO POIPAXYHKH ARTOBIAPHEHMX OOHOYACTHIKOBO 30V IHennHy 8-
CTAHIE HETATHEHOTD (0HA BOAKKD B afialaridHoMy Haliisednl 3 BHKOPHCTAHHAM
K-rapMonik | pois’ssanuss  AsosHMipnel  wpafioscl sapawl. Tlowasamo, wo
WEHAKICTE 30imHocTi pany 3 K-rapuodikaMy BOCHTE HHIBKa. Buaenedi agTo-
pigpunmi MS-cramm anm H MomyTs cnocrepirateck y npoueci poaciiosanss
ENBKTPOHIE HA aTomax ponri0, TpoBeleH0 MOPIRHEHAN PEIVALTATIE polpaxyHEe
ereprifl ocHoBHMX Ta HasuMx 30yDsenumx cradis ans H ota He, otpumanux
pistoe MeTogani, TlokasaHe, W0 SMIMICHHA SHEPrETHYHME pledis, IYMOBISHIY
seaniafaTi4HAM TOTEHLIANOM, CTAHDRHTE BenwquHy nopamxy 107 a.o.
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