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ENERGY SPECTRUM OF He I AND H- IN A STRONG MAGNETIC FIELD

G.L. SURMELIAN*, R.J.W.HENRY andR.F.O’CONNELL
DepartmentofPhysicsandAstronomy,LouisianaStateUniversity,BatonRouge,Louisiana 70803.USA

Received6 September1974

TheenergyspectrumofHe I is calculatedby a variationalmethodfor magneticfieldsB in therange0—3 X
1011 gauss.Improvedresultsfor theelectronaffinity of H— arealsopresented.

The bindingenergyof H in magneticfields B in 2 I

the range0—3 X l0~G hasbeencalculatedusing a (001

variationalmethod [11.We now apply thesametech- - I000.) j//t(-IO~) -

nique to a calculationof the energyspectrumand
thebindingenergyof the groundstateof He I. B val- /ii /1000+1

ues~ i07 G were consideredin [2] but, asweshall 2 - / f~//
see,B doesnothavea pronouncedeffect below J// /
—108G /

Our notationandmethodof calculationfollows ~ ~
that of [1]. At B = 0, we calculatethe energiesof ~ ___—\ -

the five lowestlevelsandobtain resultswhich agree -6

with Pekeriset al. [3, 4] to within 1%.Thisaccuracy
wasachievedby theuseof 24 Slaterorbital termsin 8 \ -

thesumoverthe index I’. Forthe largestBvalues \ \o-ii-

(•-~3 X 1011G) reportedhere,we use 125 terms,with
a maximumLof nine. -io - l-l-II-/\ -

Fig. 1 givestheenergiesof someof the lowest
statesof He I as a functionof B. Thelowest energy -12 I I

stategoesfrom the singlet,even-paritystatey = ~ 08 ~ 1010 IOfl

(000+) to thetriplet, odd-paritystate1 = (—1 —11—) B (Gauss)

atB~1.7X109G.
The bindingenergyof the ground-stateof He I is Fi~1. Energylevelsof He I asa functionof themagnetic

givenby

I(He I) = —E(He I) — I(He II), (2) ~ increaseswith increasingB. Thenthe curvetendsto

whereE(He I) is the ground-stateenergyof He I and turn-overbecauseit becamecomputationallyprohibi-
I(He II) is thebindingenergyfor He II in theground tive to obtain convergentresults.Inspectionof figs.
state[5] 1 and 2 will show whereotherboundstatesof He I

Theresultsfor I(He I) are presentedin fig. 2. It de- occur.
creaseswith increasingB toB~1.7 X iO~G, where In addition,we havenow achievedgreateraccura-
the lowest-energystatenow correspondsto bothelec- cy for the H energylevelsat thehigherB values
tronshavingtheir spinsoppositeto thedirectionof (10~G—3.3X i09 G). The greatestimprovement
theB field. FromB = 1.7 X l0~G to B = 3 X 1011G, (~‘5%)occursfor the lowest-energy(—1 —11—)

stateat B = 3.3 X i09 G, wherewe now obtain a val-
* In partialfulfillment of the requirementsfor the Ph.D. ue —1.9 Ry, comparedto the previousresult—1.8 Ry.

degree. This leadsto a greaterpercentagechangein I(H)
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Fig. 2. Binding energyof He I asa functionofB. Fig. 3. Electronaffinity of H asa functionof B.

which is obtainedfrom thedifferenceof two quanti- of
2hwL releasedin flipping theelectronspin). Fur-

ties, —E(H) and1(H), bothof which arerelatively ther detailsmay be foundin ref. [6].
largebut whosedifferenceis relativelysmall. Fig. 3
givesI(H). As before [1], we note that H is un- References
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