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THE 2P^3S3D 4L LEVELS IN NA I CAN DECAY IN THREE

WAYS :

I) El TRANSITIONS TO 2p53s3P LEVELS (̂ L ALLOWED)

II) El TRANSITIONS TO 2P6Nl ^L (SPIN"FORBIDDEN)

in) AUTOiONiZATiON TO 2p̂ sct \ CSPIN-FORBIODEN)

NULTI-CONFIGURATION HARTREE~FOCK CALCULATIONS WITH

BREIT-PAULi CORRECTIONS WERE PERFORMED FOR EACH HODE OF

DECAY WITH SPECIAL EMPHASIS GIVEN TO THE 2P^3S3P **L "

2P^3S3D \ TRANSITIONS. SIMILAR CALCULATIONS HAD BEEN

PERFORMED BY HOLMGREN ET AL• (1985) USING COWAN'S CODE,

RCN/RCG.

OF THIS DOCUMENT IS

The lubmitted manuicripi has been authored
by a comraclor of the U. S. Government
under contract No. W-31-109-ENG-38.
Accordingly, the U. S. Governnirnt retains a
nonexclusive, royalty-9ree license to publish
or reproduce the published form of this
contribution, or allow others to do so, for
U. S. Government purposes.



ACCURATE SPIN-ORBIT MIXING IS CRUCIAL IN THIS

PROBLEM- THUS ANY RADIAL BASIS MUST WELL REPRESENT BOTH

DOUBLETS AND QUARTETS- AS A FIRST STEP WE EXPLORED THE

TERM DEPENDENCE OF THE ORBITALS- FLG- 1 SHOWS THE

VARIATION IN THE 3D ORBITALS FOR THE THREE COUPLINGS

<3P) 4L, <3P) \, AND

THE ORBITALS WERE RELATIVELY INSENSITIVE TO THE FINAL

L-VALUE* WITH TERM DEPENDENCE TAKEN INTO ACCOUNT, TERM

MIXING WAS SOMEWHAT REDUCED (SEE TABLE ! ) • AT THE SAME

TIME, THE FINE-STRUCTURE SPLITTING AGREED WELL WITH

EXPERIMENT. (SEE TABLE 2)-

A REDUCTION IN DOUBLET-QUARTET MIXING SHOULD RESULT

IN A REDUCTION OF THE AUTOIONIZATION RATE FOR THE

DOUBLETS- THIS WAS FOUND NOT TO BE THE CASE-

COMPARISON WITH RESULTS OF THE COWAN CODE FOR 2P^3S3P

(HARRIS ET AL- 1984) SHOWED THAT ORTHOGONALITY OF

ORBITALS AND HOW NON'ORTHOGONALITY WAS TREATED, GREATLY

INFLUENCED THE COMPUTED AUTOIONIZATION RATE* TABLE 3

COMPARES VALUES OBTAINED IN DIFFERENT WAYS-



FINALLY, IN TABLE 4, WE COMPARE LIFETIMES DERIVED

FROM THE TWO APPROACHES TO VALUES DETERMINED FROM

EXPERIMENT* THE ^5/2 LEVEL IS METASTABLE AGAINST

AUTOIONIZATION- THOUGH THE PRESENT LIFETIME IS IN

BETTER AGREEMENT WITH EXPERIMENT, IT IS STILL ALMOST A

FACTOR TWO LONGER* THE (^P)3D **Fg/2 LEVEL IS ALSO

MESTASTABLE AND THE PRESENT LIFETIME IS IN MUCH BETTER

(THOUGH NOT GREAT) AGREEMENT WITH EXPERIMENT- THE

(3p)3D 1Piy2 LEVEL IS AN EXAMPLE WHERE A LARGER

AUTOIONIZATION RATE HAS RESULTED IN BETTER AGREEMENT

WITH EXPERIMENT-

THIS RESEARCH WAS SUPPORTED BY THE U-S- DEPARTMENT

OF ENERGY, OFFICE OF BASIC ENERGY SCIENCES, DIVISION OF

CHEMICAL SCIENCES, UNDER CONTRACTS DE-AS05-80ER10618 AND

M-31-109-EN6-38-
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TABLE 1 COMPARISON OF WAVEFUNCTION EXPANSIONS FOR

(5P)3D q

HCHF + BP

0-76 (5P)3D F̂ - 0-55 (3P)3D *»P + 0-22 (3P)3D

- 0.18 (1P)3D 2D

RCN/RCG

0.75 (3P)5D *»F - 0.58 (3p)3o ^P - 0-26 (1P)3D



TABLS 2 ENERSV (.even ( I N CM"* ) FOR ( 5 P ) 3 P QUARTETS

RELATIVE TO ^

TERM J THEORY OBS-A D I F F

*»D 7/2 2726 2841 115

5/2 5081 3187 103

3/2 3434 3536 102

1/2 3726 3830 104

P̂ 5/2 4795 4768 -27

3/2 5179 5152 -27

1/2 5381

AH0LM6REM ET AL- (1985)



TABLE 5 EFFECT of ORTHOGONALITY ASSUMPTIONS ON 2P53S3P

^ AIITOIONIZATION RATE A, IN NA I, WHERE

A = 1.2988 x 1017 <2P 53S3P|H-E|2P 6KS> 2

A
1. RCN/RC6

A) IS, 2S, 2P DIFFERENT FOR THE

TWO STATES

B) NO ORBITALS ORTHOGONAL

C) MATRIX ELEMENT EVALUATED

I) H-E REPLACED BY V

II) KS ASSUMED ORTHOGONAL 10-1 X 10 1 0

TO 3S

2. HCHF • BP

A) IS, 2S, 2P THE SAME FOR BOTH

STATES

B) 3S, KS BOTH ORTHOGONAL TO

IS AND 2S

C) MATRIX ELEMENT EVALUATED

I) H-E, WITH OVERLAPS 102- X

II) KS ASSUMED ORTHOGONAL 22-7 X 10*°

TO 3S

III) KS REQUIRED TO BE ORTHOGONAL

TO 3S 15.5 X 10 1 0



TABLE 4 LIFETIMES OF SOME 2P53S H I QUARTETS

TERM J PRESENT OTHERA
EXPERIMENT8

Is * P 5 / 2

3D 1

S/2

3D *«F

*F

9/2

5/2

8-3

2-1
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1.1
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THESE LEVELS ARE METASTABLE AGAINST AUTOIOHIZATION.
AH0LM6REN ET AL- (1985).
BEHGSTROM ET AL. (1985).
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