
Eletron-helium sattering in the S-wave model using exterior omplex salingDaniel A. Horner,1, � C. William MCurdy,2, 3, 1, y and Thomas N. Resigno2, z1Department of Chemistry, University of California, Berkeley, California 947202Lawrene Berkeley National Laboratory, Chemial Sienes, Berkeley, California 947203Department of Applied Siene, University of California, Davis, California 95616(Dated: June 16, 2004)Eletron-impat exitation and ionization of helium is studied in the S-wave model. The problemis treated in full dimensionality using a time-dependent formulation of the exterior omplex salingmethod that does not involve the solution of large linear systems of equations. We disuss thesteps that must be taken to ompute stable ionization amplitudes. We present total exitation,total ionization and single di�erential ross setions from the ground and n = 2 exited states andompare our results with those obtained by others using a frozen-ore model.I. INTRODUCTIONSine the early years of quantum mehanis and thedevelopment of sattering theory, an aurate desrip-tion of the orrelated motion of three unbound partilesinterating via Coulomb fores has been a diÆult prob-lem to treat theoretially. Indeed, this problem was onlyredued to omputation in the last deade [1℄. The dif-�ulty stems from the long-range nature of the Coulombpotential whih introdues a number of formal and pra-tial ompliations. Although the formal theory of e-Hionization was developed in the 1960's by Peterkop [2℄and by Rudge and Seaton [3, 4℄, it has not provided apratial path to omputation. The asymptoti form ofthe wave funtion they derived is valid only in spei�and limited geometries of the interating partiles andhas proved to be too ompliated to use as a boundaryondition for solving the time-independent Shr�odingerequation. Consequently, muh of the work on eletron-impat ionization has been arried out using perturba-tive, distorted-wave type methods or with lose-ouplingapproahes that apply approximate two-body boundaryonditions.A pratial path to aurate omputation at low olli-sion energies was only fully realized in the past few years.The key to overoming the diÆulties posed by the formaltheory has been to formulate methods that do not relyon expliitly enforing the boundary onditions for three-body Coulomb breakup. Several theoretial methods anbe mentioned in this ontext. One suh approah is the\time-dependent lose-oupling" method developed byPindzola, Shultz, Robiheaux and oworkers [5, 6℄. Inthat approah, a wave paket is �red at the target atomand the time-dependent Shr�odinger equation desribingits dynamis is solved in a lose-oupling formulation.Asymptoti boundary onditions are avoided sine thetime-dependent Shr�odinger equation is solved as an ini-�dahorner�lbl.govywmurdy�lbl.govztnresigno�lbl.gov

tial value problem. Another suessful method, whihhas been applied to the atomi double photoionizationproblem, is the hyperspherial R-matrix method withsemi-lassial outgoing waves [7℄. In that approah, thetime-independent Shr�odinger equation is solved withoutdetailed spei�ation of three-body Coulomb boundaryonditions by merging two di�erent approahes: an R-matrix treatment of the entire system in the viinity ofthe nuleus along with a semilassial desription of theevolution of the system in the asymptoti region. Ex-terior omplex saling (ECS) [8℄ avoids the expliit en-forement of boundary onditions entirely and has beensuessful in solving all aspets of the prototypial three-body Coulomb problem, eletron-impat ionization ofatomi hydrogen, to arbitrary auray [9, 10℄.Most of the urrently suessful methods have beenapplied to study eletron-impat ionization of multi-eletron atoms by treating all but one ative target ele-tron in a frozen-ore approximation, whih redues theproblem to an e�etive three-body Coulomb system. Thequestion we want to address here is whether the ECSmethod o�ers a pratial approah to studying ioniza-tion of atoms with two ative eletrons. The method,as originally applied, involves solving large, sparse sys-tems of linear equations. Extending this implementation,diretly, to three eletrons leads to linear systems thatare extremely large and prohibitively expensive to solve.We have addressed that issue previously [11℄ by showinghow the ECS method ould be ast in a time-dependentformulation that sales more favorably with the numberof eletrons than the original time-independent formula-tion. The time-dependent ECS (TD-ECS) method wassuessfully applied to a problem involving four partilesinterating via short range potentials.Here we take the �rst steps toward applying ECS to thefull eletron-helium system. In this paper we extend thetime-dependent ECS method to a system of four hargedpartiles and onsider the S-wave model of e�-He ion-ization. The S-wave model provides a distillation of thefull, 9-dimensional, problem into a system involving justthree radial oordinates. While the problem we onsiderhere is a model, it has the omplexity of a true four-body Coulomb problem - involving long-range fores and


