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Full first principlescalculationf highly excitedcomple structuresindmary-channeblecayprocessehave beencarriedoutin thepast
for atoms,usuallyby a combinationof ab initio methodge.g. R- matrix theory)with multichannelquantumdefecttheory(MQDT). A
beautifulexampleis affordedby thework of Johnsoretal.! on severalraregasatomswherethefirst principlesrelativistic multichannel
calculationswere of suchquality thatthey could be confronteddirectly with highly resohed experimentalcrosssections.Predictions
of comparableompletenesandaccuray aremuchrarerin the domainof molecularphysics,becauseab initio computationgnustbe
carriedout and optimizedfor mary nucleargeometriesandthe nuclear(non-Born-Oppenheimedynamicsgreatly complicateshe
issue.

In the presentcontribution molecularexampleswill be describedwhere highly excited bound stateshave beencalculatedab initio
correctly on the scaleof 1em ™! (CaF, n* ~ 15) andof 1M Hz (H,, n* ~ 55). The first of theseexampleg correspondso a
highly excited electronwith principalquantumnumbern™ ~ 15 whichinteractswith arotatingstronglydipolarion core.In thesecond
exampleultra-high Rydbeg stateswith n* ~ 55, situated30cm ' below the ionizationlimit, have beenexcited andtheir hyperfine
structurefully resohed? In the calculationsaccountmustbe taken of the couplingsbetweerthe excited electroninluding its spin, with
the electronicandnuclearspinsof the H;" ion core. The variousstepsanddevelopmentswill be describedvhich have beennecessary
to achieve suchaccurag.

Somerecentdevelopmentsn thefield of molecularR- matrix theoryandtheabinitio predictionof molecularwave paclket motionwill
alsobementioned.
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