—~in contrastto thefailure

of the one-electrorband model. We show that whenelectronrelaxation self-interactionand charge polarization effects
aretakeninto accountby treatingthe excitationasa localized pointdefect, theimproved band model predictsthe cor-

rectexcitationand interbandstates.

Despiteextensivanvestigationsthe natureof the
fundamentaloptical gapandcore excitationsn ionic
solids— of which LiF is consideredthe prototype
remainsasa challengeto experimentalist@nd theorists
alike. Theoretically,two basicmodelshavebeencx-
tensively applied:the restrictedHartree-Fock(HF)
model [1] andthelocal density(LD) model 12— 3].
With the recentadvancesn linear combinationof
atomic orbitals (LCAQ) techniquesthe more conven-
tional non-self-consistenmuffin-tin schemesvere
abandonedn favor of the more sophisticatecextended
basis setself-consistenfnon-muffic-tin) LCAO methods
for both models.Theirapplicationshave,however,
yielded mixed results: (i) local exchangecalculations
[3] with an exchangeoefficienta closeto | .0 could
reproducethe optical gap but an extendedGaussian
basis(a= 1) study[2] gavecalculatedone-electron
energiessubstantialljowerthan experimentn the
interbandregion [4] andyieldedthe suggestiorthat
the observedspectrabothin the optical gap region
(11—12eV)andin theLi—K excitationregion (60—

62 eV) be reinterpretedasBloch-typeinterbandtransi-
tions insteadof asbound excitons_ in markedcontra-
diction with recentexperimentg4—38].(ii) restricted
HF calculations[1] revealech pronouncedlisagree-
ment of the one-electroreigenvaluedifferenceswith
experimentatransitionenergiesn the whole spectral
region and indicatedthat electroncorrelation,electron-
hole interactionsandrelaxationcorrectiongcalculated
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using a simplified atomicmodel) arenecessaryo bring
the resultsinto agreementvith experimentlt was fur-
therstatedby theseauthors[i] that thelocal exchange
modelis inadequatdor describingexcitationsin these
materials.

We report resultswhich show that a propertreat-
ment of localized excitationsin theLD model accounts
remarkablywell for all the observedexperimentaldata
in contrastto the failuresof the one-electrorband
model. Our methodgoesbeyondthe conventional
band modelby consideringexcitationprocessess
transitionsnvolving point-defectstatesin a solid and
usestotal (statistical) energydifferenceshetweensepa-
rately calculatedground and excitedstatesratherthan
one-electronenergydifferencesof a ground statecal-
culation to evaluatethe relevantexcitationenergies.
Specifically,this is doneby our “small periodic cluster”
(SPC)model [91n which we performa fully self-
consistentandstructurecalculationbut with a large
crystallographianit cell (8—-16) atoms)containinga
locally excitedatom atits centerinstead of the usual
(perfect crystal)primitive cell. The modelallows for
explicit electron-relaxatioreffects,self-interactioncor-
rections(for the non-existencef Koopmans’'theorem
in the local densitymodel evenin the unrelaxedimit).
charge polarizationcorrectionand correlation (treated
in the free-electronapproxiniationkeffects.

Our starting point is the self-consisten{SC) band
structureobtainedby solvingthe one-particleLD func-

tional Hamiltonian with a free-electronexchangeo-
tential (usinga = 2/3) andthe electroncorrelationpo-

tential of Singwi et al. [10]. Our LCAO basisset con-















