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Excitons at the fundamental edge (17 g F. g 22 CV) of solid neon are studied. The lowest transverse and
longitudinal states (n = 1) arc determined ln thc framework of thc Bltcgral-cquahon 8pproach assuIMng that
the electron and the hole be confined to the same unit cell (one-site approximation). Numerical calculations
are performed according to the general scheme previously applied successfully to valence and core excitons in

solid argon. The lowest-conduction-band structure has been fully accounted for, using a detailed augmented-
plane-wave calculation. Good agreement with the experimental results has been obtained. Higher excitons

(n y 1) are determined in the effective-mass approximation, modified to include the spin-orbit splitting of the
valence bend and the electron-hole exchange interaction, the latter being estimated from the excitation
spectrum of gaseous neon. Full correspondence of the atomic transitions (2p) ~2p ms (m & 3) and n & 1

valence excitons in solid neon has been established. Relative intensities of the partners in the nth doublets

(n & 1) are determined explaining the presence of only one exciton series in sohd neon, unlike other rare-gas
solids. Further structure above the threshold has been interpreted in terms of the joint density of states,

I. INTRODUCTION

The optical spectra of the solid rare gases'
corresponding to the eleetx'onlc tl Rnsltlons fx'om

the valence sta, tes have been studied fox several
years by using conventional radiation sources. '
During the past few years, the use of synchrotxon
radlatlon Rs R contlQuum source hRS Rllowed us
to extend the energy range of interest over about
500 eV, ' as well as to investigate in deta, il the
fine structure at the fundamental edge of the in-
terband txansitions. ' Recently, also x adiationless
eleetx'onic energy-transfer processes have been
studied using photoemission yield spectroscopy,
on puxe' as well as on doped' solid xare gases.
In addition, electron-energy-loss measurements
have been pex formed. ' Further information about
the electronic structure of the solid rare gases
has been provided by photoelectron energy distri-
bution data. '

From the above experiments detailed exciton
spectra, have been resolved at the onset of inter-
band transitions; in pax"ticular two Rydberg series
have been resolved in Ar, Kr, and Xe but only
one sexies in solid neon. The main problems
which axise in the interpretation of the excitation
spectra of solid rare gases are the following: (a)
an adequate description of the lowest (u = l) ex-
eiton states, " they cannot be understood in the
Frenkel-Peierls model nor in the %annier-Mott

scheme ' '; (b) the relative contribution of the
spin-orbit intex action and of the electron-hole
(e-h) exchange interaction in determining the re-
lative oscillator strengths of the partners in the
doublet structure; (c) the position of the edge and
the energy sequence of the n&1 excitons; (d) the
interpretation of the structure above the edge.

In a previous paper, "which we shall refex' to
as I from now on, we have studied the n =1 ex-
eltons ln solid Rx'gon Rnd %'e hRve obtRlned R vel y
good agreement with the experimental results.
%e have pex formed the calculations in the integral-
equation approach, "which is based on the use of
Wannier functions to express the electron and the
hole wave functions and of the Green's functions
relative to the conduction and valence bands to
give the contrlbutloQ of the bRQd stx'uctux'e on the
entire Brillouin zone (BZ).

It ls the pux'pose of the present pRpel to apply
the same theory to the valence exeitons in solid
neon, where the contributions of the spin-orbit
interaction of the hole states and of the e-It, ex-
change interaction must be carefully assessed„
the former being smaller than the short-range ex-
change term.

Previous descriptions~2'13 of the n = l. exeiton in
the effective-mass approximation (EMA) have
shown a displacement from its position in the
Hydberg series by more than 1 eV, requiring a
large central cell correction. Another description
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has been attempted by Webber, Rice, and Jortner"
with an expansion in excited atomic states delocal-
ized over many lattice cells. This is essentially the
Frenkel-Peierls model with the modification that
the excited wave functions centered on different
cells be orthogonal. The results are inconclusive
owing to the fact that the atomic excited wave func-
tions, though properly orthonormalized in the
crystal, are not suitable approximations to the
corresponding Wannier functions in cases like
neon. " In addition, the disappearance of the spin-
olblt pRx'tnel 8 1Q the lowest excltoQS of neon hRS

been misunderstood so far,"being ascribed to an
experimental broadening of the peak, and no at-
tempt has been made to understand the n&1 ex-
c1tons .

In the present paper we give a numerical cal-
culatioll of the lowest (0 = 1) excltolls peI'fol'Illed
with the integral-equation method. We also com-
pute the higher-exeiton states by modifying the
EMA Rppl oRch of Onodera Rnd ToyozRwR to take
a better account of the e-h exchange. We also
give a quantitative account for the continuum
spectrum above threshold based on the joint-den-
sity of states of the valence and the conduction
bands with a plasmon contribution. "

In Sec. II we give a general mathematical formu-
lation appropriate to the excitation spectrum of
solid rare gases. In See. ID we present the cal-
culation of the relevant paraxneters from the band
structure of solid Qeon. In 3ec. IV we give the x'e-
sults and compare them to experimental data. In
Sec. V we give oui conclusions.

the 3s excited ones. In the crystal the valence
band can be essentially understood in the tight-
binding scheme and consists of three branches
with a small k dependence (bandwidth 4Z„=0.2
eV) and a small spin-orbit splitting at k =0
(6 = 0.09 eV), while the conductionband is a simple
s-like band, separated from higher d-like and P-
like conduction bands, and nearly-free-eleetron-
like (bandwidth &E, = 7.40 eV).

In Fig. 1 we plot the energy bands in solid neon,
Rs computed ln R modlf led augmented-plane-wave
method described by Dagens and Perrot. '0 The
Rppx'oRch consists essentlRlly lQ Rdoptlng R sphex'1-
cal atomic-like Hartree-Fock exchange operator
and a muffin-tin C'oulomb potential in the frame-
work of the augmented-plane-wave method. Po-
larization effects are also taken into account both
for the conduction electrons" and for the valence
states, x'esulting in a correlation correction of
-1.5'7 eV for the conduction electron at K= 0 and
a mean correction of about 2.43 eV for the valence
states at K=0. Relativistic effects are estimated
in a pex turbative way: the spin-orbit separation of
the valence band &(k) has been computed in first
order in the tight-binding approach by using for
the valence Bloeh functions appropriate combina-
tions of 2P orbitals, "and expressing the matrix
elements of the spin-ox'bit operator in terms of

II. MATHEMATICAL APPROACH TO EXCITON STATES

IN SOLID RARE GASES

We must consider separately the lowest-exeiton
states (n = 1) and the higher-exciton states (n & l).
In the former case the exciton wave function is
essentially confined in the unit cell and w'e may
use the intermediate binding approach of I and
adopt the one-site approximation. In the latter
ease the exciton wave functions extend over a
number of cells and calculations are much more
complicated. For n»1 the integral equation ap-
propriate to the intermediate binding regime re-
duces to the differential equation of the EMA and
the exciton levels are given by a Hydberg series. 9

We adopt this approach for Rll the n &1 states,
with suitable modifications of the exchange con-
tribution for the low values of n.

The optical transitions which are relevant to
the excitation spectrum of solid neon between 17
and 30 eV are those associated with the valence
states corresponding to the 2P states in the atom
and the first conduction states corresponding to

0.4

FIG. 1. Energy bands of solid neon.
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E(r, ) =E, -2]/SO(PP), (lb)

where O(pp) is the normalization of the Bloch
function at K=O, which is smaller than one for
P-like functions.

In the following we will neglect higher conduc-
tion bands and mill take the two spin-orbit split
valence bands as independent of k, mhich is a
very good approximation because of the small
width of the valence band. The Fredholm solu-
tions of the integral equation for the two lowest
Fy5 excitons in the one -site approximation can be
obtained as the zeros of the determinant"

1+[+(J+D)—Q]G, -(E) ——', v'2 (J +D)G, -(E)
—-', v2(J+D)G, (E) 1+[-',(J+D) —Q]G, (E)

the atomic splitting f." For instance, at the center
I' of the BZ, we use the folloming expressions:

(1a)

off-diagonal term in Eq. (2) can be neglected,
which turns out to be the case when exchange is
much smaller than h. Otherwise they can be com-
puted from the solutions of Eq. (2) as indicated in
I.

The n & 1 excitons may be represented in the
EMA as suggested by Qnodera and Toyozawa";
however, me must introduce modifications to ac-
count for excitons with small values of n. In fact
in solid neon the exchange cannot be included in
the EMA as a 5-function potential because the
Bohr radius extends over a fern neighboring cells
where exchange is not yet negligible. Therefore
we choose to adopt the EMA without exchange and
spin-orbit interactions to give zero-order solu-
tions mhich can be classified according to their
total spins. The exchange operator splits triplet
and singlet states and the spin-orbit operator
mixes them by an amount which depends only on
the ratio q„—= 2(J„+D„)/d,. The wave functions in
the presence of both perturbations are

D, = —(4v/Se, )n, p', ,

D, = (Bv/Se, )n, p, '„,

(Sa)

(3b)

with e, =1.26 for solid neon. We consider screen-
ing effects negligible in the short-range interac-
tion terms and described by the static dielectric
constant eo in the long-range interaction terms,
according to the discussion developed in I for the
similar case of the solid argon. The Green's
functions G, -(E) and G, -(E) are given by

G8-(E) =N Q [Er,(k) Er (k) E]

(4)

with a similar expression for G, (E} referred to
the split-off valence band. (We have labeled the
energy bands with their symmetry at K= 0.)

The diagonal terms in Eq. (2) give two exciton
states, each associated to one of the two valence
bands separated by the spin-orbit interaction [in
our approximation &(k)=4(K=0) =—4], while the
off-diagonal terms represent their admixture in-
duced by e-h exchange. Inserting D, or D, in Eq.
(2) we obtain transverse and longitudinal excitons,
respectively. The relative transition probabili-
ties for two eigenstates associated to the valence
edges I,- and I', take the values 2: 1 when the

In the above expression Q and J are Coulomb and
exchange integrals between electron and hole
%'annier functions located on the same cell and
D is the long-range exchange term which is differ-
ent for transverse and longitudinal excitons;
namely,

where any of the exciton functions with definite
spin can be considered in the two-particle repre-
sentation" as the product of an envelope function
E„(r, —r„) by the properly symmetrized electron
and hole functions at the band edges. The coeffi-
cients a and 5 give the singlet-triplet mixing and
are determined from the following eigenvalue
equation:

E„'+2(J„+D„)—E„(-V2 /3}d

(- J2 /3 }d. E„'+-,
' ~

and the corresponding linear equations. The ex-
change contribution consists of tmo terms which
depend on the quantum number n in a different
may. J„ is the g-h exchange term mhich depends
on the size of the envelope function and D„ is the
screened dipole-dipole interaction which depends
on the value of the envelope function at r =0 and
is related to Eq. (3) by

D„=Di E„(0)P .

From the solutions of Eg. (6} one can obtain the
splitting between the tmo excitons and their rela-
tive intensities. When the energies are measured
in units of the spin-orbit splitting 4, the exciton
separation M„= (E, -E,)„and the intensity ratio
of the doublet can be expressed as universal func-
tions of q„=2(J„+D„)/n; namely, as

(8)

(9)
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III. CALCULATION OF GREEN'S FUNCTIONS,
NANNIER FUNCTIONS, AND MATRIX

ELEMENTS FOR SOLID NEON

In order to evaluate the parameters Q, 4, and D
entering Erl. (2), we need to compute the Wannier
functions of the valence and conduction bands as
shown in I.

The %'annier functions relative to the valence
bands are taken to coincide with the 2p atomic
functions of neon, as obtained analytically by

22Bagus, because the overlap between neighboring
sites is practically negligible. The Wannier func-
tion of the lowest conduction band has been com-
puted from Bloch functions constructed as single
plane waves orthogonalized to the core and valence
occupied stRtes expressed Rs Rppropl late Bloch
lattice sums. We follow the same procedure as in
I and obtain a %'annier function which is more
localized than the excited atomic 3s function. " In
Fig. 2 we display the Wannier function a(r) ob-
tained in this way in the direction of the nearest
neighbors, [110], and in Fig. 3 we compare its
spherical part a,(r) to the 3s orbital.

The Wannier function a( r) has been expanded tn

cubic harmonics and the relevant integrals have
been computed. Their values are given in Table I
and in Table II. The results of Table I indicate a
good convergence with values up to (]'. =10 in the
spherical-harmonic expansion. The value of &

in Table 11 has been computed from Erl. (1) where
the atomic spin-orbit splitting is taken to be (
=0.0967 eV, 23 and the overlap integrals have been
evaluated to be S(@per) = —0.0085 and S(pprr)
=0.0012.

The Green's functions have been computed from
the detailed energy-band calculations giving the
band structure displayed in Fig, 1. Expression
(4) is numerically computed from the density of
states n(E')

FIG. 3. 8pherical contribution to the Wannier function
rao(r) compared with the Ss atomic neon function rg&(r),
as computed by Gold and Knox in Ref. 25.

g
G, (E)= n(E')[E +E (I' )-E]-'dE' (10)

with an analogous expression for G, (E) T-he d.en-
sity of states n(E') has been computed by numeri-
cal integration with a Monte Carlo method from a
random choice of 64000 points in the BZ, the en-
ergy bands being interpolated from the value com-
puted at 89 nonequivalent points in the reduced
zone." In this case it turned out to be very im-
portant to perform a detailed analysis of the band
structure because the conduction band is ver y
wide and a tight-binding interpolation„as that
used in solid argon, would not have been suitable.
In Fig. 4 we report the Green's function Q, (E)
for solid neon.

For the higher excitons (n&1) we must compute
the values of J„,D„ in addition to the unperturbed
energy values. The latter have been calculated
from the hydrogenlike equation with an effective
Rydberg of 6.85 eV, corresponding to a dielectric
function c,=1.26 and to an exciton reduced mass

0.0-

TABLE I. Coulomb and exchange integrals f l'd
neon. Contributions from the different angular momen-
tuDl conlponents to Coulomb and exchange interaction
terms are given. np p,

2 gives the dipolar sums D& and
Df. Values are in eV.

10 Total

0.2
0.0 59 6.0

r {au)

FIG. 2. Wannier function rr(r) relative to the lowest,
neon conduction band along the [ 110j direction.

Q 7,696 0.136 0.151 0.058 0.002 8.043
J 0.236 2x10 ' 3x10 ' 8x10 Bx10 0 236

28pP ~ 0.010
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TABLE II. Parameters for n =1 excitons in solid neon.
Calculated values (in eV) of the parameters to be used
for n =1 excitons [Eq. (2)) .

TABLE III. Parameters for n & 1 excitons in solid
neon. Values (in eV) of the parameters to be used for
higher excitons [Eq. (6)).

8.043 0.0623
0

0.0219
0

0.0139
0

p, ,„,=0.8~." The parameters are given in Table
III for n =2-5. The value D„ is computed from Eq.
(7) and turns out to be negligible while Z„ is esti-
mated from the corresponding atomic value by
comparing the exciton sex'ies to the successive
lines in the atomic excitation spectrum. The
atomic excited configuration corresponding to the
n = I excitons is (2p)'(Ss)' and consists of four
states, two pure triplets with total angulax' mo-
mentum J =0 and J =2, and bvo J =1 states which
contain both singlet and triplet components. " The
value of the exchange interaction terms in this
configuration have been derived in the atomic case
by applying expression (8) with D„=O,"from the
level splittings which are well known experimen-
tally. By keeping the same ratio between the atom-
ic and the crys'tal exchange integral (Table II) in

the case of the lowest excited state as fox the n & 1
excitons, we can obtain the J„values, which are
given in Table III. The curves which represent
the splittings of the hvo J=1 atomic states and
their intensity ratios are drawn in Fig. 5 from
Eqs. (8) and (9) as functions of the ratio q =2J/b.
The atomic experimental values axe indicated in
the curve, as well as the corresponding exciton
splittings.

tons as obtained from solving Eq. (2) with the
parameters given in Table III. %8 also give the
relative contributions [A'; P and (A6& )', of the two
excitation channels associated with a split-off
valence band. They turn out to be mixed in a rel-
evant way, because the e-h exchange interaction
ls predominant ovex the sp1Q-oxblt sepaxatlon of
the hole states. Consequently, the ratio between
the intensities of the 6 =1 exc1toQs 1s completely
upset with respect to the value 2 given by the rela-
tive degeneracies of the hole states. In fact, the
intensity ratio is expressed in terms of the coeffi-
cients A. ', and A.', as shown in I, by the expres-
Slon

IV. THEORETKAL RESULTS AND COMPARISON WITH
EXPERIMENTAL DATA

A. n = 1 exritons in solid neon

In Table IV we report the binding energies of
the lowest n = 1 transverse and longitudinal exci-

4S

e=3
f

2. 3.
5)(eV)

FIG. 4. Green's function 0&-(E~) as a function of the
binding energy E& =E~ -E.

FIG. 5. Separation of the exciton doublet 6E„and in-
tensity ratio pn (Ii) I2)n as a function of ~n 2( n++n}
from Eqs. (8) and (9), respectively. Energies are in
units of valence-band spin-orbit splitting. Arrows indi-
cate the positions relative to atomic configurations
(2P}~ms to the n excitons.
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TABLE IV. Binding energies for the lowest exciton
states in solid neon. Theoretical results (in eV) for the
binding energies of the n =1 transverse and longitudinal
excitons are quoted. For comparison, the experimental
values obtained in measurements of different kind are
given; the latter ones are referred to a band gap of
21.67 ev. The theoretical admixture coefficients ~A, —

I

and
~
A~-~ ' and relative intensities of the two transverse

excltons ale also given.

T„(1,t) T„(2 t) r„(1,l) y„(2,))

(A, — '
[A8- '
p

0.468
0.532
1

3.814
4.17'
4.27 '
4.18'
0.532
0.468

52

3.582
3.92 '
3.93 '
3.47~

'This value is estimated from the peak observed in

the reflectivity spectrum at 17.6 (Ref. 12), assuming
the same value for the doublet splitting of the maxima
of e~(E).

bD. Pudewill et gl . in Hef. 12 (Kramers-Kronig analy-
sis of reQection data).

H. Haensel et a/. in Ref. 16 (from transmission data).
E. Boursey et a~. in Ref. 2 (absorption spectrum).
L. Schmidt in Ref. 7 (electron-energy-loss spectrum).

~E. J. Daniels and P. Kruger in Ref. 7 (electron-en-
ergy-loss spectrum).

gG. Keitel, DESY internal report No. F41-70/7
(1970) (Kramers-Kronig analysis of reflectivity data
in g).

fi (Ei -Et 4
f, (E, -Et), (12)

With the values given in Table IV we obtain f,/f,
= 58„ in agreement with the result derived from
Eq. (11).

The present results are in fair agreement with
experimental data for the lowest excitons. The
experimental energy of the strong peak in e, (E) at
17.5 eV can be referred to the lowest ionization
limit E~ =21.67 eV, derived in our scheme for the
n &1 levels, giving a binding energy of 4.17 eV ap-
propriate to the higher level E,'. This has to be
compared with a computed binding energy of
3.814 eV. The discrepancy is due to the limita-
tion of the one-site approximation. Including the

1+(A,' p —2v2 A', A',

f, 2-[A,' p+2v2A', A6

Substituting the values given in Table Pf we obtain
a ratio of about: 1:50. For the optically allowed
excitons, the ratio of the oscillator strengths of
the two partners can also be obtained from the one
between the corresponding separations of the lon-
gitudinal and transverse modes; namely, as

contribution of the nearest cells would decrease
the energy and increase the theoretical value of
the binding in better agreement w ith experiment.
The contribution of the nearest cells is expected
to be more important here than in the case of
solid argon since the conduction band is more
free-electron-like and the corresponding Wannier
function is less localized. It is then natural that
the agreement is worse than in the case of argon;
however, it is much better than what one would
obtain in EMA which gives an effective Rydberg
of 6.85 eV. The lowest partner at E,' is not usual-
ly seen because of its weak oscillator strength.
Recent experiments (Ref. 12) have been able
to show the position of the lowest-exciton level
appearing as a shoulder superimposed to the

large higher peak in the ref lectivity spectrum,
giving a separation of about 0.25 eV.

Energy-loss measurements have been performed
in solid neon, "giving a strong maximum at 17.75
eV in fair agreement with the computed value of
the longitudinal excitons; the theoretical value for
the transverse-longitudinal splitting of 0.232 eV
compares well with the experimental value of 0.25
eV.

B. a & 1 excitons and interband transitions in solid neon

For the higher-exciton states we can use the
EMA with the corrections given in Sec. III to ac-
count for e-h. exchange and spin-orbit interaction.
We compute two exciton series whose positions
and relative intensities are given in Table V. The
separations of the doublets practically coincide
w'ith the spin-orbit splitting of the valence band
and their intensity ratios increase with n to the
value 2:1. This can be visualized in Fig. 5 in cor-
respondence to the arrows n =2-5. The absolute
energy positions E„are obtained from Etl. (6) tak-
ing for E„' the EMA result

E„=E~-R„f/n'

, =685ev.y. /m

The transverse and longitudinal excitons have
negligible splittings for n ~ 2, so that we do not
distinguish between the two.

In Table V we have also given the experimental
energy positions of the corresponding atomic ex-
cited levels and their relative intensities com-
puted from the graphical analysis of Sec. III. It
is interesting to observe that the excitation en-
ergies for atomic neon are also given by a Ryd-
berg series for n& 5, once the correspondences
( 2)P'(3 )s-n=1; ( P)'2(4 )-an=2, and so on, are
established. The correspondence between ex-
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TABLE V. Higher exciton states in solid neon (n&1).
Theoretical and experimental excitation energies (in
eV) are quoted in the second and third columns, re-
spectively. For comparison, the atomic excited levels
are given in the fourth column. Intensity ratios of the
doublets in the two cases are quoted in the fifth and
sixth columns, respectively. No distinction is made
for longitudinal and transverse n & 1 excitons.

n
(m) E„(th) E„(expt) e~ (at) ~ p„(cryst) p~ (at)

V&

IJJ
0

CO

'I. 5

5.0

2.5

2 19.98
(4) 20.08 20.31

2O.3S b

20.40
20.22 d

20.30
2O.36 '

19.69

19.78
0.55 1.19

0.5

E (eV)

FIG. 6. Joint density of states with (solid line) and
without (dashed line) the contribution of the d-like bands
in Fig. 1.

3 20.93 20.57
(5) 21.13 20.6620.93

21.O9 b

21.10
20.90 d

2O.98 '
21.O '

0.77 1.34

4 21.25
(6)

21.34
21 ~ 35
21.38 b

21.50
21.25 d

20.94

21.04 1.27 1.67

5 21.40
(7) 21.50 21.50

21.15
21.24 1.50 1.78

21.67

21.77
21.56IP
21.66IP

cited configurations in the atom and excitons ap-
pears to be well reproduced for the exciton states
with s-like envelope function and electron Bloch
function of s-like symmetry I, at K=o.

We also give in Table V the positions of the ex-
citon peaks in neon as obtained from a number of
different experiments. It should be noted that the
positions of the n&1 levels are not unequivocally
established. The failure to observe the doublet
splittings, which should be detectable for n &2 be-
cause of the intensity ratio, can be partly ex-
plained as due to the not sufficient resolution and

G. Keitel, internal report No. DESY F41-70/7 (1970)
(Kramers-Kronig analysis of reflectivity data in Ref. 16).

D. Pudewill et al . in Ref. 12 (minima in transmission
spectrum) .

R. Haensel et al . in Ref. 16 (minima in transmission
spectrum) .

dE. Boursey et aL. in Ref. 2 (absorption spectrum).
L. Schmidt in Ref. 7 (electron-energy-loss spectrum).

~ E. J. Daniels and P. Kr'uger in Ref. 7 (electron-
energy-loss spectrum).

& C. E. Moore in Ref. 23.

to the broadening of the lines. However, careful
analysis should display the doublet in the exciton
lines and show the two ionization limits, separ-
ated by an amount corresponding to the spin-orbit
splitting of the valence maxima.

In comparing the theoretical and experimental
values of the exciton energies, one can see that
the only significant discrepancy occurs for the
n =2 level. This can be ascribed to the limitation
of the effective mass approach which considers
the exciton wave function delocalized over many
cells in the crystal and therefore tends to over-
estimate the binding energy.

A further structure in the optical excitation
spectrum appears above ionization. This can be
related to the density of states of interband transi-
tions which is given in Fig. 6. The peaks occurr-
ing in the joint density of states correspond rea-
sonably well to the absorption peaks experimental-
ly observed. In particular a large maximum at
about 5.1 eV above ionization corresponds to the
transition at the point L, which is a saddle point
My as can be seen in Fig. 1 . Experimentally,
this peak occurs at about 4.4 eV above ioniza-
tion.""In the corresponding range of energies,
there is a contribution of the second conduction
band to the density of states. The position of the
theoretical peak could be affected by uncertainties
relative to this contribution. A further experi-
mental structure about 7.5 eV above ionization
has been interpreted as a plasmon" associated
with the valence band and would not result in our
one -electron picture.

V. CONCLUSIONS

The above calculations confirm the general re-
sults obtained in a previous analysis of solid argon
and allow a complete interpretation of the optical



ANDREONI, F. PERROT, AND F. BASSANI

spectrum of solid neon. In particular we can sum-
marize the following main conclusions:

(a) Good agreement with the experimental data
can be achieved for the lowest excitons with the
integral-equation method. No adjustable parame-
ter being involved in our approach, the present
results support the validity of the method for cal-
culating intermediately bound excitons.

(b) The lowest exciton structure consists of the
doublet separated by exchange and spin-orbit in-
teractions with relative intensities of about 1:50.
This strong intensity ratio explains why only one
peak is observed.

(c) The large intensity of the observed peak is
justified by the large value of its transverse-lon-
gitudinal splitting.

(d) The higher exciton peaks (n & l) can be in-
terpreted in the effective mass approximation,
including electron-hole exchange and spin-orbit

interactions as a perturbation. The triplet-sing-
let admixture produced by spin-orbit effects tends
to make the doublet lines of comparable inten-
sities as the quantum number n increases.

(e) A correspondence can be established between
atomic excited configurations (2P)'ns and the ex-
citons associated to transitions from the valence
p-like band to the lowest conduction band, the en-
ergy gap corresponding to the ionization atomic
energy.

(f) The continuum structure above the edge re-
flects the structure in the joint density of states
but the detailed shape requires consideration of
the transition matrix elements and of the electron-
hole interaction.
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