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The electronic characteristics of H - to Be- like ions immersed in degener-
ate electron gas w ere calculated . T he ion w as descri bed w ithin the H artree {
Fock{Slater formalism and the medium by the dielectric function. The ion ' s
electrons repulsion , screening and exchange e˜ects and, additio nal ly , the
self-bindi ng of an electron due to the p olarisati on of the medium w ere in-
cluded in the descripti on. T he results w ere compared w ith the ref erence
corresp ondi ng to the characteristics for ions in vacuum.

PACS numb ers: 34.50.Bw , 71.45.Gm

1. I n t rod uct io n

T he interest in the probl em arose when studyi ng the stoppi ng and stra ggl ing
of slow ions in an electro n gas [1]. It becam e obvi ous tha t after imm ersing in the
electron gas, the ions al ter thei r basic characteri sti cs, l ike energy levels, exci ta-
ti on and ionisati on energies, l if e ti mes (when being exci ted) and al l the related
pro perti es, when compared to the properti es of ions in vacuum .

Several basic theo reti cal metho ds for determ ining characteri stics of ions and
m olecules under vacuum envi ronm enta l condi ti ons were devel oped. The m ost im -
porta nt m etho ds are vari atio nal Ha rtree { Fock [2] and density functi onal [3] m eth-
ods, pro vi ding accurate resul ts but su£ cientl y compl icated to be rejected in stop-
pi ng power theo ri es. In thi s Ùeld a simpl er, m ore tra nsparent and instructi ve, and
consequentl y less rel iable, model is su£ cient.

In the present paper ions havi ng f rom H to Be electronic conÙgurati ons un-
der the electron gas envi ronmenta l condi ti on wi l l be considered. W e start f rom
form ulating the Ha mi lto nian describi ng the ion{ electron gas system . Some atten-
ti on wi ll be paid to the self-bindi ng potenti al of an atom ic electron in the electron
gas. Fi na lly the to ta l energies of various 1 s2 s conÙgura ti ons wi l l be calcul ated
analyti cal ly and the characteri stics of interest wi l l be deri ved.

Ê e-m ail : m o n et a@kr ysi a.un i.lo d z.p l
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The free electron gas (at T = 0 K) is characteri sed by the one-electro n radius
r s ( n = 3 =( 4 ¤ r 3

s ) i s the electron gas density). The ion consi sts of an ato m ic nucl eus
of ato mic numb er Z i carryi ng N i ç 4 electro ns.

Ato mic uni ts are used thro ughout.

2 . C al cu lat i on p roc edu r e

W ithi n the random phase appro xi m ati on (R PA) the pro babi li ty for tra nsfer
of the energy ! and the mom entum k from an ion to a degenerate free electron
gas at T = 0 K is described by the equi l ibri um Li ndhard dielectri c functi on [5]:
¯ ( u ; z ) = 1 + ( â 2 =z 2 ) [ f 1 (u ; z ) + i f 2 ( u ; z ) ] , where the param eters are deÙned as z =

k =(2 k F ), u = ! = ( k v F ) , â 2 = r s =( ¤ ˜ ) . The Ferm i wa ve numb er is k F = ˜ = ( a 0 r s ) ,
the Fermi velocity v F = v 0 ˜ = r s (v 0 i s the Bohr vel ocit y) and ˜ = ( 9 ¤ =4 ) 1 = 3 .

The conducti on electrons of a sol id screen the quasi-sta ti c electri c potenti al of
an ion due to dielectri c response, provi ding screening whi ch can be appro xi matel y
described in term s of a screening functi on.

For ions bindi ng N i ç 4 electrons we appl y the Ha rtree{ Fock{ Slater (HFS)
descripti on. The to tal self-consi stent Ha mi lto nian is given by

H =
X

j

0

@À

1

2
Â j + V po l( r j ) + V ne( r j ) +

1

2

X

k 6= j

V ee( j r j À r k j )

1

A : (1)

Here V ee and V ne are the exp onenti al ly screened intera cti ons between electrons and
between an electron and a nucl eus, respectivel y

V ne ( r j ) = À Z i r À 1
j

exp (À r j k T F ) ;

V ee( j r j À r k j ) = j r j À k j
À 1 exp( Àj j À k j k T F ) : (2)

The Tho m as{ Ferm i wa ve num ber k T F i s related to the Ferm i wa ve num ber
as k 2

T F = 4 k F =( ¤ a 0 ) .
V p ol i s the self-bi nding potenti al acti ng on an electron from polari sati on wa ke

induced in the electron gas by thi s electron

V p ol (r ) =

Z

R

d3 r 0 ê a (r 0 ) j À
0

j
À 1 [exp (Àj À

0
j k T F ) À 1 ] ê a ( r 0 ) : (3)

Physi cal ly, thi s phenom enological Ham i lto nia n gives account of an appro xi -
m ate, long wavel ength screening exerted by the electron gas on an ion, instead of
the response pro vi ded by the ful l di electri c functi on ¯ ( k ; ! ) .

W e assume tha t the soluti ons of Eq. (1), in a form of HFS determ inants, are
bui l t from the 1 s and 2 s one-electron tri al functi ons:

ê 1 s ( r ) = ¤ À 1 = 2 (Z ) 3 = 2 exp( À Z r ) ;

ê 2 s ( r ) = ¤ À 1 = 2 (Z =2 ) 3 = 2 (1 À Z r =2 ) exp( À Z r =2 ) : (4)

W e cal l Z the size parameter of the electro n distri buti on. Thi s parameter is
m odi Ùed when the ion from the vacuum enters a sol id. W e determ ine Z = Z m in

from the vari atio nal condi ti on of minimum for the expectati on values of the to ta l
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Ha mi l to nian ñH . For di ˜erent 1 s 2 s conÙgurati ons of exci ted (Io nÊ ) ions and ions
in the ground state (Io n) we have

ñH ( H ² 1 s 1 ) = E 1 s + P 1 s ;

ñH ( H Ê

² 1 s0 2 s1 ) = E 2 s + P 2 s ;

ñH ( He ² 1 s 2 ) = 2 E 1 s + 2 P 1 s + V 1 s 1 s ;

ñH ( He
Ê

² 1 s 1 2 s 1 ) = E 1 s + P 1 s + E 2 s + P 2 s + V1 s 2 s À A 1 s 2 s ;

ñH ( HeÊÊ

² 1 s 0 2 s 2 ) = 2 E 2 s + 2 P 2 s + V 2 s 2 s ;

ñH ( Li ² 1 s2 2 s1 ) = 2 E 1 s + 2 P 1 s + E 2 s + P 2 s + V 1 s 1 s + 2 V 1 s 2 s À A 1 s 2 s ;

ñH ( Li Ê

² 1 s 1 2 s 2 ) = E 1 s + P 1 s + 2 E 2 s + 2 P 2 s + V2 s 2 s + 2 V1 s 2 s À A 1 s 2 s ;

ñH ( Be ² 1 s 2 2 s 2 )

= 2 E 1 s + 2 P 1 s + 2 E 2 s + 2 P 2 s + V 1 s 1 s + V2 s2 s + 4 V 1 s 2 s À 2 A 1 s 2 s : (5)

The one-electro n energy (E ), the di rect Coulomb (V ), the polarisati on (P ) and the
exchange (A ) integ ra ls were calcul ated analyti cal ly, and are presented in App endix
and thei r values for an extrem ely dense or di luted electron gas can be obta ined
from T able I.

T ABLE I

Values of the intergrals for H - to Be- like ions in vacuum and a dense electron gas.

Integ ra ls Vacuum, r s = 1 ; k T F = 0 D ense gas, r s = 0 ; k T F = 1

E 1 s Z 2 = 2 À Z Z i Z 2 =2

E 2 s Z 2 =8 À Z Z i =4 Z 2 =8

V 1 s1 s Z 5 =8 0

P 1 s 0 À Z 5 =8

V 2 s2 s Z 7 7 =5 1 2 0

P 2 s 0 À Z 7 7 =5 1 2

V 1 s2 s Z 6 8 =3 2 4 0

A 1 s2 s Z 1 6 =7 2 9 0

It was assumed, and i t was as a cri teri on, tha t for the ion in an electro n gas
the to tal energy in the m inimum has to be negati ve, i f the ion is to be stabl e against
the decay into other, m ore favourabl e energeti cally, electro nic conÙgura ti ons.
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3. R esul t s an d d iscu ssio n

3.1. Ion in vacuum

W hen ions wi th v arious ato mic numb ers Z i havi ng H- to Be- like electro nic
conÙgurati ons are placed in the vacuum ( r s = 1 ) then the screening of an electron
gas is neglected (k T F = 0), and only the screening and exchange intera cti ons
related to atom ic electrons rem ain e˜ecti ve. Al so, the self-bindi ng is absent in
vacuum .

The to ta l energies ñH ' s of Eq. (5), expl ici tl y given in T able I, reach m inim a
(ca lcul ated from @ñH =@Z = 0 ) at the values Z min presented in T abl e I I for ions in
the ground and excited states. The screening by ioni c electro ns and the exchange
intera cti on are more im porta nt for an ion wi th a smal l ato mic num ber, since Z min

i s equal to the di ˜erence between the ion ato m ic num ber Z i and som e speciÙc
screening numb er of the order of uni ty . The to ta l energy is proporti onal to Z 2

min

wi th som e factor given in the last colum n of T able II depending on the electro nic
conÙgurati on.

T ABLE I I

T he minimum energy parameter Z m i n and the total energy ñH

of Eq. (5 ) for H - to Be- like ions.

X- l ike ions Z min ( r s = 1 ) Z min ( r s = 0 ) ñH =Z 2
min

H( 1 s 1 2 s 0 ) Z i 0.625 { 1/ 2

HÊ (1 s0 2 s 1 ) Z i 0.602 { 1/ 8

He( 1 s2 2 s 0 ) Z i À 0 : 3 1 2 5 0 0.625 { 1

HeÊ (1 s 1 2 s1 ) Z i À 0 : 1 5 0 3 4 0.620 { 5/ 8

HeÊÊ (1 s0 2 s2 ) Z i À 0 : 3 0 0 7 8 0.602 { 1/ 4

Li (1 s 2 2 s1 ) Z i À 0 : 4 5 4 5 8 0.622 { 9/ 8

Li Ê (1 s1 2 s2 ) Z i À 0 : 3 6 5 4 6 0.617 { 3/ 4

Be(1 s 2 2 s2 ) Z i À 0 : 6 2 8 4 0 0.620 { 5/ 4

For a given ato m ic numb er Z i the to ta l energy depends on the electro nic
conÙgurati on and the num ber N i of bound electrons. Thi s dependence is drawn in
Fi g. 1 for ions wi th Z i = 1 to Z i = 4 . It turns out tha t there is a local minimum
of the to ta l energy for N i = Z i , i .e. rem oval or atta chment of an electro n dem ands
som eam ount of energy. The to ta l energy of an ion can be simpl y calcul ated starti ng
from the analyti cal relati ons given in Table II. For insta nce, a proto n as a nucl eus
can be analysed by ta ki ng Z i = 1 , so we have for vari ous electroni c conÙgura ti ons:
ñH ( H (1 s1 2 s0 )) = À 1 3 : 6 eV, ñH ( H (1 s2 2 s0 )) = À 1 2 : 9 eV, ñH ( H (1 s2 2 s1 )) = À 9 : 1 eV,
ñH ( H (1 s2 2 s2 )) = À 4 : 7 eV, associated wi th adequate Z min ' s. Thi s means tha t al l

these electroni c conÙgurati ons are stable in vacuum . In the case of Li - l ike ions,
Z i = 3 , we get ñH ( Li +

(1 s 2 2 s 0 )) = À 1 9 6 : 4 eV, ñH ( Li (1 s2 2 s1 )) = À 1 9 8 : 3 eV and
ñH ( Li À

(1 s 2 2 s 2 )) = À 1 9 1 : 2 eV, so the m inimum is very shal low.
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Fig. 1. T he dependence of total energy of ions w ith atomic numb ers Z i on the numb er
N i of bound electrons for H - to Be-like electronic conÙguration s.

The present resul ts can be com pared wi th the Ha rtree{ Fock{ Slater calcula-
ti ons [2] perform ed for ato ms and both positi ve (X 1 + ) and negati ve (X 1 À ) ions in
vacuum . The com parison, given in T able I I I, shows m ini ma about 1{ 2% deeper
as related to the values obta ined wi thi n the present m odel . For ions wi th vari ous
electronic conÙgura ti ons Cl ementi and Roetti [2] also obta ined shal low m inim a for
N i = Z i . In the case of Li -l ike ions, Z i = 3 , they got ñH (Li + (1 s2 2 s 0 )) = À 1 9 6 : 8 eV,
ñH ( Li (1 s 2 2 s 1 )) = À 2 0 2 : 2 eV and ñH ( Li À (1 s2 2 s2 )) = À 2 0 2 :0 eV. The calcul ated to-

ta l energy for He ato m , ñH ( He(1 s 2 2 s 0 )) = À 7 7 : 4 5 eV, is slightl y above the reference
value of { 77.83 eV [2].

T ABLE II I

T he total energy of H to Be atoms (hartree). N o self-bindi ng.

Ato ms r s = 1 : 0 r s = 2 :0 r s = 3 : 0 r s = 5 : 0 r s = 1 R ef. [2]

H( 1 s1 2 s0 ) + + { 0.0155 { 0.0678 { 0.5000

H Ê (1 s 0 2 s 1 ) + + + + { 0.1234

He( 1 s 2 2 s 0 ) { 0.1604 { 0.6072 { 0.8837 { 1.2146 { 2.8430 { 2.8617

HeÊ (1 s1 2 s1 ) { 0.0745 { 0.3562 { 0.5409 { 0.7720 { 2.1336

HeÊÊ (1 s0 2 s2 ) + + + { 0.0102 { 0.7172

Li (1 s 2 2 s 1 ) { 1.5266 { 2.6659 { 3.2874 { 3.9948 À 7 :2 7 9 7 { 7.4327

Li Ê (1 s1 2 s2 ) { 0.6916 { 1.3934 { 1.8123 { 2.3226 { 5.1962

Be(1 s 2 2 s2 ) { 4.2982 { 6.3349 { 7.4259 { 8.6336 { 14.1940 { 14.5730

In vacuum the energy requi red for ion excita ti on or for electron deta chm ent
can be calcul ated as a di ˜erence of adequate ñH ' s, and is given in the last but one
colum n of Tabl e IV and com pared wi th the avai lable reference values [2] g iven in
the last colum n of the ta bl e. For exampl ethe excita ti on He(1 s2 2 s0 ) ! HeÊ

(1 s1 2 s1 )
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dem ands 19.29 eV, and electronic deta chment He(1 s2 2 s 0 ) ! He+ (1 s 1 2 s0 ) de-
m ands 23.06 eV, whereas the recomm ended He ionizati on energy obta ined f rom
photo electron m easurements is 24.58 eV [4].

T ABLE IV

T he selected excitation and ionisati on energies of H to Be atoms (hartree).
N o self-bindi ng.

Reacti on r s = 1 : 0 r s = 2 : 0 r s = 5 : 0 r s = 1 Ref. [2]

H (1 s1 2 s0 ) ! H + (1 s 0 2 s 0 ) 0.067797 0.49844

He(1 s 2 2 s 0 ) ! He+ (1 s 1 2 s 0 ) { 0.0129 0.1159 0.3082 0.8461 0.8617

He(1 s 2 2 s 0 ) ! He2 + (1 s 0 2 s 0 ) 0.1604 0.6072 1.2145 2.8430 2.8617

He(1 s 2 2 s 0 ) ! HeÊ (1 s 1 2 s 1 ) 0.0859 0.0663 0.4425 0.7094

He(1 s 2 2 s 0 ) ! HeÊÊ (1 s 0 2 s 2 ) 0.1604 0.6072 1.2044 2.1258

Li (1 s 2 2 s 1 ) ! Li + (1 s 2 2 s 0 ) 1.5266 2.6659 3.9605 6.8086

Li (1 s 2 2 s 1 ) ! Li Ê + (1 s 1 2 s1 ) 0.5941 1.0036 1.4336 2.2122

Li (1 s 2 2 s 1 ) ! Li 2 + (1 s 1 2 s0 ) 0.2955 0.3548 1.2708 2.7844 2.9327

Li (1 s 2 2 s 1 ) ! Li
3 +

(1 s 0 2 s0 ) 1.5269 2.5659 3.9257 7.2797 7.4327

Be (1 s2 2 s2 ) ! Be + (1 s 2 2 s1 ) { 0.4785 { 0.4603 { 0.3729 0.0668 0.2956

Be (1 s2 2 s2 ) ! Be Ê + (1 s 1 2 s2 ) 1.9742 2.6816 3.3350 4.3006

Be (1 s2 2 s2 ) ! Be 2 + (1 s 2 2 s 0 ) { 1.0153 { 1.8994 { 0.6578 0.6073

Be (1 s2 2 s2 ) ! Be ÊÊ 2 + (1 s 0 2 s2 ) 4.2771 6.2227 8.1202 10.7836

Be (1 s2 2 s2 ) ! Be Ê 2 + (1 s 1 2 s 1 ) 1.5379 2.2997 3.1256 4.9425

Be (1 s2 2 s2 ) ! Be 3 +
(1 s 1 2 s 0 ) 1.0550 1.4075 3.0991 6.2002 6.5730

Be (1 s2 2 s2 ) ! Be Ê 3 + (1 s 0 2 s 1 ) 4.2866 6.1958 8.3297 12.2002

Be (1 s2 2 s2 ) ! Be 4 + (1 s 0 2 s 0 ) 4.2982 6.3349 8.6336 14.1940 14.5730

There is a qui te correct relati on between the results of the present simpl e
m odel of the to ta l energy calcul ati on for an ion in vacuum and the reference
values [2] based on di ˜erent basis sets (f ul l HFS, doubl e and sing le zeta f uncti ons).
The agreement woul d certa inly have been better, i f we to ok, for insta nce, two
vari ati onal param eters, (say Z 1 , and Z 2 ) instead of sing le Z , in the wa ve functi ons
of Eq. (4).

3.2. Ion in elect ron gas

The point of interest of the present paper is to analyse how the spectroscopic
characteri sti cs of ato m s are m odi Ùed, when the object is im mersed in a uni form
electron gas at T = 0 K, characteri sed by a density param eter r s .

As previ ously, i t is assumed tha t an ion exists as an integra l obj ect as long,
as its to ta l energy in the m inimum rem ains negati ve. Thi s condi ti on is f ulÙlled
over the whole r s range, pro vi ded the self-bi ndi ng given by Eq. (3) is incorpo-
rated in the model . If the self-bindi ng is suspended, the to ta l energy acqui res zero



Charact er istics of H- t o Be- l ike Ions . . . 649

at som e r s , causing the ion to disinteg rate, as the energy gets positi ve values
when r s ! 0 .

In an electron gas, wi thi n a descripti on taki ng into account the self-bi nding
intera cti on or not, the Z min param eter was determ ined by calcul ati ng a num erical
m inimum of the appro pri ate ñH from Eq. (5). It turns out tha t Z min depends on
Z i ; N i and, addi ti onal ly, on r s . In order to i l lustra te thi s behavi our, the Z min ,
as a functi on of r s and Z i , is drawn in Fi g. 2 for Li -l ike ions remaini ng in the

Fig. 2. Z m in as a function of r s and Z i for Li- like ions. Figures (a) and (b) w ithout,

and Ùgures (c) and (d) w ith the self-bindi ng interaction.
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ground (a) and in the excited (b) states wi tho ut self-bindi ng and the same wi th
self-bindi ng (c), (d).

By analysing Fi g. 2 i t is seen tha t as r s increases(di lute gas) for a given Z i ,
Z min also increasesto the ato mic screening num bers given in the second colum n of
T able I I for r s = 1 . D ue to an increase in Z min , the ato m ic electro n tri al functi ons
of Eq. (4) tend to be m ore local ised around the nucl eus, as in the case of an ion in
vacuum . A decrease in r s (dense gas) causes a restri cted spreading of the functi ons
in the electro n gas.

W hi le com pari ng drawi ngs describi ng di ˜erent states of ion exci ta ti on, i t
should be noted tha t Z min , calculated for the sam e ( r s ; Z i ) param eters, is much
smal ler for the excited ions tha n for the ions in the ground state: Z min (He) >

Z min ( HeÊ ) > Z min ( HeÊÊ ) . It simpl y means tha t the exci ted ions spread more in
space tha n the ions in the ground state.

Z min i s used in Eq. (5) to calculate ñH ( Z min ). In a di lute and dense elec-
tro n gas ñH min i s di rectl y proporti onal to Z 2

min . As an exampl e, the dependence
of ñH min =Z 2

min upon Z i and r s for Li (1 s2 2 s 1 ) ato m in the ground state and for
Li Ê (1 s1 2 s 2 ) exci ted ato m are dra wn in Fi g. 3, separati ng the caseswi tho ut (a, b)
and wi th (c, d) bindi ng of electro ns to polari sati on wakes. Fi rst of al l , we note tha t
thi s functi on is not constant, equal to the value in vacuum . As r s decreases, f or a
given Z i ; Z min also decreasescausing an increase of the functi ons in the Ùgures.

From the analysis of ñH min =Z 2
min upon Z i and r s , we found tha t due to ac-

counti ng for the self-bi ndi ng of each electro n to the polari sati on wake, al l the ions
in the electro n gas rem ain stable against the decay over the whole r s and Z i range
considered, contra ry to the experim ent. For a very dense electron gas ( r s = 0 ) Z min

i s independent of Z i , as given in T able I I. For exampl e, for H- l ike ions a minimum
of energy is { 5.3 eV, and for Be-l ike ions is { 13.1 eV, and these values decrease to
the values appro pri ate for these ions in vacuum, as r s ! 1 . By setti ng Z i = 0 ,
we can calcul ate electro n self -bindi ng energ ies, the values whi ch can be associated
wi th appro pri ate work functi ons, ranging for real metals from { 4 eV to { 5 eV.

On the other hand, in the descripti on of the ion the suspending of the
self-bindi ng causes an increase in the ion energy for the dense electro n gas, reach-
ing zero at some r s (as r s ! 0 ) and ful Ùll ing the cri teri on for the ion decay. In thi s
case, for instance, in agreement wi th expectati on from the experim ent, H atom
cannot exi st in the electron gas below r s = 2 and HÊ below r s = 1 0 , appro xi -
m atel y. The selected results of calculati ons wi thi n the present m odel (excludi ng
self-bindi ng) regardi ng the minimum to ta l energy of Eq. (5) for H to Be ato ms
in dependence of the electron gas density parameter r s are presented in T able I I I
and com pared wi th the avai lable reference values [2]. General ly, the to ta l energy
of an atom increases along wi th an increase in the electro n gas density . Am ong the
ato m s inv estigated, only He, HeÊ , Li , Li Ê , and Be can, in pri ncipl e, exist and be
stable in an electron gas, whose density corresponds to the density of rea l metals,
i .e. from r s = 1 to r s = 3 . The to ta l energy of H, H Ê , and HeÊÊ i s positi ve in thi s
density reg ion causing the ato m s to decay sponta neously, for instance by emi tti ng
electrons. The results on energies requi red f or exci ta ti on or ionisati on of H to Be
ato m s are enclosed in Tabl e IV and related to the reference data [2]. The plus sign
m eans tha t the energy has to be pro vi ded in order to carry out the tra nsiti on,
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Fig. 3. H m in = Z
2

m in as a function of r s and Z i for Li- like ions. Figures (a) and (b)

w ithout, and Ùgures (c) and (d) w ith the self-bind ing interaction.

wherea s the m inus sign m eans tha t the energy is gained in the sponta neous tra n-
siti on. For exam pl e, it is seen from T able I I I tha t for to ta l coll isional stri ppi ng o˜
the He atom , prepared ini ti al ly in the ground state, the energy requi red is strongly
dependent on the intera cti on wi th the medium in whi ch the ato m is imm ersed; in
vacuum the energy of 77.3 eV is necessary , wherea s in the electron gas of r s = 2

the energy needed is about 16.5 eV. For a com plete stri ppi ng o˜ the Be ato m the
correspondi ng values are 172.3 eV and 380 eV, respecti vely.
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4. Co n cl usion s

The spectroscopic properti es of H- to Be- l ike ions im mersed in an electron
gas were analysed, and shown to depend on the ion ato mic num ber, the num -
ber of bound electro ns, and the conÙgurati on they create, and on the density of
the electron gas. It was shown tha t the denser electron gas, the higher energy of
the ion in the minimum found from the vari ati onal pri nci pl e. Al so, the energies
requi red f or ionisati on or exci ta ti on of an ion kept in an electro n gas decrease,
as the electron gas density increases. An answer to the questi ons whether the
electronic conÙgurati on of the ion rem ains stable in the electron gas up to an
extrem ely high density , or whether there is a cri ti cal density above whi ch the
ion to ta l energy becom es positi ve and the ion disintegrates, depends on whether
bi ndi ng of an electron to the wa ke potenti al whi ch thi s electro n induces in the
electron gas is included in the descripti on or thi s self-bindi ng is suspended. A f orm
of the potenti al is im posed by Eq. (3) whi ch deÙnes thi s intera cti on as a di ˜er-
ence of potenti als produced by an electron in the electron gas and in vacuum . The
electron is represented by the tri al functi on, and the electron gas is described by
a dielectri c functi on generati ng stati c screening appro xi m ated in thi s model by
exp onenti al screening. D espite of the fact tha t the present m odel equipped wi th
thi s self-bindi ng intera cti on can pro duce a quanti ty whi ch may be interpreted as
a work functi on, the resul tant stabi li ty of atom s im mersed in the dense electron
gas is in clear disagreement wi th experim ent. Thi s m akes us suspend thi s com -
ponent of the m odel . On the other hand, there is an evaluati on of a numb er of
bound states n 0 in a screened Coul omb potenti al , corresp ondi ng to the screening
exerted by the electro n gas, perform ed num erical ly by R ogers et al . [8]. They found
n 0 = 0 : 5 8 2 9 + 0 : 4 9 9 3 Z i =k T F . n 0 = 1 : 3 6 f or Z i = 1 and r s = 1 whi ch suggests tha t
the hydro gen ato m should be stable in a real metal .

Ap p en dix

The fol lowing one-electron energy (E ), the Coul omb (V ), the polarisati on ( P ),
and the exchange (A ) integ rals:

E a =

Z

R
3

d 3 r ê a ( r )

˚

À

1

2
Â À

Z i

r
exp( À r k T F )

Ç

ê a ( r ) ;

V a b =

Z

R 3

d 3 r

Z

R 3

dr 0
j ê a ( r ) j

2
j r À r 0

j
À 1 exp( Àj À

0
j k T F ) j ê b ( r 0) j

2 ;

P a =

Z

R

d 3 r

Z

R

d 3 r 0
j ê a ( r ) j

2
j À

0
j

À 1 [exp( Àj À
0

j k T F ) À 1 ] j ê a (r 0 ) j
2 ;

A ab =

Z

R

d3 r

Z

R

d3 r 0 ê Ê

a
(r ) ê Ê

b
(r 0 ) j À

0
j

À 1 exp( Àj À
0
j k T F )ê a ( r 0 ) ê b ( r ) ;

wi th the functi ons
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ê 1 s ( r ) = ¤ À 1 = 2 (Z ) 3 = 2 exp( À Z r ) ;

ê 2 s ( r ) = ¤ À 1 = 2 (Z =2 ) 3 = 2 (1 À Z r =2 ) exp( À Z r =2 ) ;

were calcul ated analyti cally as functi ons of Z ( Û = k T F =Z and Û0 = 2 Û=3 )

E 1 s =
Z 2

2
À

Z i Z

(1 + Û=2 )2
;

E 2 s =
Z 2

8
À

Z i Z

4 (1 + Û) 2

˚

2 À

4

(1 + Û)
+

3

(1 + Û) 2

Ç

;

V 1 s 1 s = Z
5 + 2 Û + Û 2 =4

8 (1 + Û=2 ) 4
;

P 1 s = V 1 s 1 s À 5 Z =8 ;

V 2 s 2 s = Z
7 7 + 1 0 4 Û + 2 2 7 Û 2 + 1 4 4 Û 3 + 1 2 3 Û4 + 4 0 Û 5 + 5 Û 6

5 1 2 (1 + Û) 8
;

P 2 s = V 2 s 2 s À 7 7 Z =5 1 2 ;

V 1 s 2 s = Z
4

8 1

1 7 + 4 Û + 2 1 Û 2 + 8 Û3 + Û 4

(1 + Û) 4 (2 + Û) 2
;

A 1 s 2 s = Z
1 6

7 2 9

3 À 2 5 Û 02 + 1 5 0 Û0 4
À 2 5 6 Û 05 + 1 5 0 Û 06

À 2 5 Û0 8 + 3 Û 01 0

3 (1 À Û0 2 ) 6

in hartree (e 2 =a 0 ) uni ts. For Û 0 = 1 the exchange integra l A assumes the Ùnite
value A 1 s 2 s = Z (1 6 =7 2 9 )(5 =1 2 ) :
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