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Abkstract: Aan approximate analytical sclution of the
Thomss-Fermi-Amaldi equation for negative ions in a superstrong
magnetic field is obtained &ty making use of an equivalent
variational principle. It is possible becsuse the TFA msodel
for thesze icns is expressed by a differentiazl equaticn of the
same form ss these of the Thomas-Fermi mcdel for neutral ateme
in a cuperstrong magnetic field. Then we can use the same
variationsl principle for the TFA equation for negative i1ons as
that used in cobtaining an approximate znelvtical scolution of
the TF equation for neutral atoms, The approximate analytical
salutions cobtained through this model are then wused to
calculate total energies for <several negative idons and a

comparison with the TF model is made.

*'To wham any correspondence should be addresced.
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I.- INTRODUCTION

The existernce of magnetic fields smounting te 10 G caused
great interest in the investigation of electron-binding energy
for atoms and molecules in strong maanetic fields L4 I 1
Froperties of matter &t the surface of & neutron star, where
superstrong maagnetic fields exist, =should be wvery different
frem  those of ordinasry matter since energies associated with
the magnetic motion of electrons become much larger them their

Covlomb energies (21,

We get a areat increase in the binding energy because the
electrons are much more likely teo be found near the binding

nucleus ., The vesual shell structure of heavier atoms



dissapears, and the minimum icnization eneray of the neutrsl
stoms decreases slowly and mencteonically with increasing atemic

number Z.

The statistical theory of astoms in & magnetic field,
developed by Kademtsev (35, of fers the simplest way to
investinate these quantities. The TFA model <4) differs from
the TF model (53 by the Fermi-Amaldi correction (43, One of
the shortcomings of the TF theorv is the fact that cone electron
interacts not only with the remaining electrons but also with
itzelf, The Fa correction iz an attempt te remove this
zelf-interaction from the TF theory, Hs & consequence, the TFA
equsticn has a seolution for singly charged negative iens, while
the TF equation has no  such scluticn. In a recent work, an
spproximate analytical solution of the TF differential equaticn
for atoms in a superstrcong maanetic field have been found (&),

by making use of an equivalent variational principle.

It is the aim of this article, to obtain spproximate
znalytical solutiens of the TFA equstion for singly charged
negative ions in & superstrong magnetic field by making wuse of
the same equivalent variational principle. This is possible by
the fact that the TFA model for the ions that we are going to
study can be expresszed by & differential equation of the sane
form as that which deszcribes the TF model f{or neutrsl atoms
mentioned above. The secluticns are then used to calculate

totsl enerqies of those negative ione and & compariscon with the

TF model is made.



I1.- THEORY

The physical idea behind the FA correction lies in the
fact that in an H-electron atom described by an electron
density [0, each electron is assigned a density of P /AN, If
this cheice 1is wvalid, the potential resulting from (H - 1)

electrons at the position of the nth electron is of the form
'x'et-:‘(r} = —(H-12 e p(r"") AAr = ety dY L
- . = g s & : "
Yee (r) = ({N-13/H) Veelr) (2>

where VYeelr)> is the potential at the poeition r in the TF
theory, and € is the magnitude of the electron charge. Then,
the FA correction would be meore significant for lighter atoms

than for heavier ones, because {from Eq. (2), it is seen that

*
vhen N increases, Vee goes to Yee,

In Reference (&), the steps inveolved in the derivation of
the TF equatien are described in detsil, and when the same
stepe are redone with Eq. 2>, the result is the TFA equation

in & superstrong magnetic field

where the primes refer to the second derivatives of ‘0 with

respect to the wvariable », that is defined by (&)



r o= aoﬁx (4>

and r stands for the distance from the nucleus of an atom of

atomic number Z.

.
In Eq. <4), ac is the Bohr radius znd ﬁ is a constant

defined by

. Z
ﬁ CHACN=1D) ,8 €S)
where ﬁ i another constant given by

s F5  F5 s
=2 I <(B/Bo) 2 (6>

8

In Eq. (&), B is the magnetic field under study and Eo is

a reference maanetic field

~
=J
o

4 9
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o =f c s 2 e = .97 5% 10 6

In terms of (p , the total potential within an atom is

given by

Vv = (Zeslr) W + Vo [ =)

whert YO i€ & sonetant defined by



= =

Yo = (Z-N+1) e / ro $9)

with ro denoting the “radius" of the atom.

The electron density within an atom is given, in terms of

(p , by
5 . I/Z 2
P =1<z3L ao B > -1 (PGS 10>

where L i=s related with the magnetic field B through

5
4 S 2 '
L =<8 T /3> ac (B/Bo> €11

The boundary conditions for Eq. ©2) are given by

$132
and the subsidiary condition
Ctd)

'
xe(ﬂ {x0) = = CZ-N+13/Z

where xoc is a constant defined by



For a singly charged ion we have 2 = N - 1, and Eqs. (13>

and (14) become

@Y odr =0 16
and
{
Y co> = 0 Q7
In Ref. (2) and (&), the TF eguation for atoms in a

strormg magnetic field is given by

P 2

l,b = <y Yo 1)

where the variable v is defined by

r o= ao‘? Y (15

The boundary conditicons for Eq. (18) are given by

Yo =1 20>

vo d/ {pod = - r.z—m/.? 22>



.
where yo is defined by Eq. (19> with ﬁ replaced by ﬁ .

We see that Eqs. (18), (20) and (21> are independent of
the magnetic field, and the same equstions and Eq. (22> will
also be independent of Z for neutral atoms (N = Z), and then we

get a universal solution for all such atoms when yvo — ©O

Therefore, Egs. (21) and (22), beccme

P
)
[

u» (00) = 0 <

and
]
w B> =0 {24)
The boundary conditions for the TF differential equation
for neutral atoms in a superstronga magnetic field, agiven by

Egqe., «(20), <(23) and (24> are identical with the boundary
conditions for a singly charged negative TFA ion, defined by

Eqe., «<12), (1é) and {17,

This implies that the TFA electron density of & =ingly
charged regative icn runs ocut to infinity, and shows the same
behavicur as that of the electren density of a neutrsl atom in

a superstrong magnetic field,

In Ref. (&) Equation (18) has been solved aproximately by
an equivalent variaticnal principle, that f{or the present TF

case can be stated as



@ 7T &
o0

!
Lfl,l” & F UJ/:\I/. ¥ dy (25?2
0
where the prime on d/ refers to the derivative of w with

respect to y.

If we choose for F the expression

. - 32 2
Fapa, v = v <\l/ y v Yy czed

and then substituing Egq. {26 into the Euler-Lagrange eguation

given by

_Q_cawad/'> - dF QY = o (27>
oy

recults in Eq. (18>, the TF equation for neutral atoms in a

superstrong magnetic field.

The trial function has the form

2 -057 yz

w: (1l - pyw+quy b I 28l
vhere the parameters sppearing in Eq. (28) sre given by
P = 0.466427 @ = 0,04991447 [Qrd=p]
With this considerations, one realizes that Eq, {3 can
also be solved approximately by making use of Eq. (27 if

inctead of Eq. <(2&>, one uses the trisl sclution



= 12 =

2

2 -0.5pPx
V’ = (1 - px+qgx ) e (30
which upon consideration of Egs. 4> and (5), can alsc be

written as

2

2 2 ~05Ph
Q= «-ph+qgh 7 e €21

with h = ¢CH-12/N) (r/ael?).

Equation (31) is to be contrasted with Eq. (28>, which by

means of Eq. <19) can alsc be written as

2
2 2 ~05PJ
w = 1 -pi+qgqi > e (32
with j = r/aola v
Compariscon of Eq. (21> with Eq. <(32) shows that the FA

correction manifests itself in the appearance of the factor
C{(N=1)/H) , or pouers of it, multiplyina the variational

parameters P and Q.

As H increasses, this factor tends to wunity, and the

importance of the TFA correction diminishes with increasing N,

111.- DISCUSSION

Having cktained approximate analytical sclutions of the



- 13 =

TFR eqguation for singly charged negative ions, we now want to
calculate total energies for several ions and to compare these
results with those which belong to the same ions in the TF

model .

The wvirial theorem for the Thomas-Fermi model for atoms in
a3 superstrong magnetic field is aqiven by the following

relationship:

K = (=9/2) (Ven +Vee) (335

K = (-{/9) VYen Vee = (-1/3) VYen (34>

where K is the kirnetic energy of the electrons, VYen is the
electron-nucleus petential eneray and Yee is the

electron-electron potential energy.

The total energy is

(]
o
~

E =K + Ven + Yee = (-1/9 + 1 - 1/3> Ven = (5/9) Ven X

From Ref. (2) and (6, it has been shown that

g5-35 95 35
_% af

Yen = e (B/Bo)> Eo f(H,2Z) 36>

vhere Ec = ¢ /2 ac = 13,6 eV and
.

f (N, &) = (w(ﬁ) + {1 - NfZ) /x0) €37



For xo running to 00, the total energy is then

g5 -5 95 25
m z

= -2 (B/Bo) Eo € (38>

2
where

t
€ = ~<5/9.\¢/<o> ¢39)

Considering Eq. <(2), we can write the total energy in the

TFA model as follous
E = =179 + 1 - 173 C(H-1)27H> Yen {40
and from Eq. (31D

(‘Diﬁ)=—2p CCH=1)/H) (41

Then

65 e

r
= ¢ M 2 {B/Ec>» Eo € (423

with

: 2

q = |89 - 142 ({H=-13/N>3| 2 p CC(H=13/N>

Fs
b
fad
(=

Results for total energies for ceveral ione according to



this model are shown in Table 1.

Ve cannot estimate in detail the accuracy of the
expressions obtained for lack of exact data, HNevertheless, we
can point several trends 1like the great increase in total
energy with the magnetic field and that this eneray increases

with increasing atemic number 2.

Due to the fact that the description of negative icns in a
strong magnetic field have not been reported up to date, and
taking into account that we cannot make comparison with other
theoretical results, thern we can say that the analytical
approximations quoted here to the TFA nodel are rot the last

vord.

Poscibilities for further theoretical work, as an
alternative to the present model , are now being done in  our
laboratories and results will be published elsevhere in  a

forthcoming paper,
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