Quantum and SemiclassicaScattering Matrix Theory for
Atomic Photoabsoption in External Fields
by
Brian Ellison Granger

B.S.,WestmontCollege, 1994

A thesissubmittecto the
Facultyof the GraduateSchoolof the
Universityof Coloradoin partialfulfillment
of therequirementgor the degreeof
Doctorof Philosophy
Departmentf Physics

2001



Thisthesisentitled:
QuantumandSemiclassicaBcatteringMatrix Theoryfor Atomic Photoabsorptiom ExternalFields
written by Brian Ellison Granger
hasbeenapprovedfor the Departmentf Physics

ChrisH. Greene

JohnR. Cary

Date

Thefinal copy of thisthesishasbeenexaminedby the signatoriesandwe find thatboththe contentand
theform meetacceptabl@resentatiostandardef scholarlywork in theabose mentionediscipline.



GrangerBrian Ellison (Ph.D.,Physics)
QuantumandSemiclassicaBcatteringMatrix Theoryfor Atomic Photoabsorptiom ExternalFields

Thesisdirectedby ProfessoChrisH. Greene

The photoabsorptiorspectraof Rydbeg atomsin static, external electric and magneticfields
provide an excellentopportunityto studythe propertiesof a noninteggrablephysicalsystem.This thesis
developsa generaltheoryfor predictingandinterpretingthe photoabsorptiospectraof thesesystems.
Using ideasfrom both quantum-defectheory and semiclassicabpproximationssuchas closed-orbit
theory | introducescatteringmatricesto describethe final stateof an electronin a photoabsorption
experiment. The scatteringmatricesencapsulatall of the importantphysicsof the system,and are
relatedto importantobsenablesof thesystem suchastheboundstatespectrumandthe photoabsorption
crosssection.

Initially, theframework for calculatingthe photoabsorptiorrosssectionis presentedn complete
generality An exactexpressionfor the enegy smoothedphotoabsorptiorcrosssectionis derived and
is shavn to provide a usefullink betweenquantum-defectheory and semiclassicahpproximations.
Althoughtheformulais anexactresult,it alreadycontainsmary of thephysicalinsightsof semiclassical
approximationsaboutthe time (or action) domainphysicsof the electron. Both the complicationsof
multielectronatomsand arbitrary configurationsof static, electromagnetidields are includedin the
theory

After the basicframenork hasbeendeveloped,semiclassicahpproximationsareintroducedfor
thespecificcaseof analkali-metalatomin anexternalmagnetidield. | derive asemiclassicab-matrixto
describehescatteringpf theelectronoff the combinedCoulombanddiamagnetidong-rangepotentials.
Therelationshipof the semiclassicaapproximatiorto accurateguantumcalculationss thenexplored.

Finally, the semiclassicaB-matrixis usedto constructa semiclassicalormulafor the photoab-
sorptioncrosssection. Here,the focusis on the Fourier transformedcrosssection,or recurrencespec-
trum, which shavs sharppeaksthat correspondo certainquantummechanicapathsof the electronas

it scattersoff thelong-rangepotentials. The semiclassicahpproximatiorof the crosssectioninterprets



thesequantumpathsby correlatingthemwith classicalclosedorbits of the electron. By taking a sur
prising cancellatiorbetweerghostandcore-scatteredrbitsinto accountaresumedsemiclassicatross
sectionis derived. This formula givesa corvergent,semiclassicatheoryfor the recurrencespectraof

nonhydrogeni@atoms.Resultsarepresentedor diamagnetidithium andrubidium.
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