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Full first principlescalculationsof highly excitedcomplex structuresandmany-channeldecayprocesseshavebeencarriedout in thepast
for atoms,usuallyby a combinationof ab initio methods(e.g.R- matrix theory)with multichannelquantumdefecttheory(MQDT). A
beautifulexampleis affordedby thework of Johnsonetal.

�
onseveralraregasatoms,wherethefirst principlesrelativistic multichannel

calculationswereof suchquality that they couldbeconfronteddirectly with highly resolvedexperimentalcrosssections.Predictions
of comparablecompletenessandaccuracy aremuchrarerin thedomainof molecularphysics,becauseab initio computationsmustbe
carriedout andoptimizedfor many nucleargeometries,and the nuclear(non-Born-Oppenheimer)dynamicsgreatlycomplicatesthe
issue.
In the presentcontribution molecularexampleswill be describedwherehighly excited boundstateshave beencalculatedab initio
correctlyon the scaleof 1��� � �

(
���	�

, 
���
���� ) andof 1����� ( ��� , 
���
���� ). The first of theseexamples� correspondsto a
highly excitedelectronwith principalquantumnumber
 � 
���� which interactswith a rotatingstronglydipolarion core.In thesecond
exampleultra-highRydberg stateswith 
 � 
���� , situated30� � � �

below the ionizationlimit, have beenexcited andtheir hyperfine
structurefully resolved.! In thecalculationsaccountmustbetakenof thecouplingsbetweentheexcitedelectroninluding its spin,with
theelectronicandnuclearspinsof the �#"� ion core.Thevariousstepsanddevelopmentswill bedescribedwhich have beennecessary
to achievesuchaccuracy.
Somerecentdevelopmentsin thefield of molecularR- matrix theoryandtheab initio predictionof molecularwave packet motionwill
alsobementioned.
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