54 11 2005 11
1000-3290/2005/54 11 /5082-07

ACTA PHYSICA SINICA

Vol.54 No.l1l November 2005
(©2005 Chin. Phys. Soc.

Rydberg

2005 2 5 2005
Hartree 1snl
10G—10M
Rydberg
PACC 3130 3150
1.
1
Wing -
microwave-optical technique Rydberg

Cok Lundeent °

fast atomics beams

. Palfrey  Lundeen °
Rydberg
n=10 L=456 7
Casimir
Lundeen i
anticrossings
12 D—3]
13—15
Bethe  Salpeter 10 Breit-
Pauli
" 10074014

TE-mail Imhe@ ecust. edu. cn

10G—10M ’

LS
Breit-Bethe Rydberg
Araki Parish ~ Mires
Cok  TLundeen "
extended adiabatic
approximation . Chang Poe
Brueckner-Goldstone BG
D F
Chang
B
324 n I
25 %
core-polarization
. . 27—29
asymptotic expansion
Hylleraas
30 31



11 Rydberg  10G—10M 5083

Drake ¥
*Hs(+8. 472)
Rydberg
10T (1=5) SH4(+3.891)
QED 34—38 (2' & HS) 3H6(72. 243)
"H5(-9. 005
cI 5( )
490. 990 (10)
Rydberg »
04 Gy (+12. 594)
Numerov ee 10G (L=4) 3G, (+6. 188)
Hartree Isnl (1.81ps) 3G, (-3. 239)
LS “G4(-13. 572)
. Rydberg
10G—10M . 1 10G 10H
. 27 2
Rydberg [ :—Vf— ’ g12=r—
i 12
2. )
19
Hy = Hy+V 3
L H,
L V H,
H,
lsnl 7 19—22
H,
1snl
HO = hls + hnl 4
hy h, Hartree
{ hy, =f1.-+ n1|g12|n1 5
L>3 b = fu + lslgnlls .
L | V=gn- 15|g12‘15 - n1|g12‘nl. 6
10G  10H . Hartree
h’ s s = € s s
{ 1s %1 1s P1 7
L hnlgonl = enl Spnl
¢ls §0n1
44 45 IS
H = Hy + H, 1 J L-1L L+1y
HNR Hspin
Breit-Pauli 10 n M,
1snl
2 ) | nl LSJ
Hy = Zf l + 8 2
i1



5084 54

anomalous magnetic moment

46 719
nl LSJ‘H]\R| nl LSJ Hspin :az %lzl sz g - 1 + gm/M
= nl LS|Hy!| nl LS 8 2
Hyx +d r12>3<171_ sl_r|2>3<P2_ Sz] g1
T T
+24° r12>3<P1_ sz_r12>3<172_ sl] )
r r
nl LS|Hy!| nl LS ’ 3 0 ; 0
S 8§, — S r S, r
= al LSIf.l nl LS + nl LSIf,| nl LS +2a2[ L2 S
12
+ nl LSlgy!| nl LS
87 2
-0 r, 8§ 8 ] /2 17
= gpls |fls ‘ 9015 + gDnl|f;zl | gpnl 3 2 : : g
+ nl LS|g,| nl LS . 9 rpo=r,-r g=21+al2n+ m/M
1s Hartree hi, @, =¢, 0.
gpls L
<| s| s
1S @1 > ro=r, Breit-Bethe 4
=& — 9015 1 90111 2 ‘g12|901s 1 §0n1 2 . 10 7
- s lL- s
§0,11|f;bl‘§0n1 H?[ﬁ" :azal ZrZ 2 20(2 a, 2r; 1
:€n,] - 9015 1 gpnl 2’ |g12|g01s 1 gDn] 2 11 2 Sl' S2 —3 Sl' r(z) S2' r(z)
+ 2a” a; 3 18

r

nl LS|g,| nl LS
a, = g-1 +2gm/M =1+ o/ +4m/IM

a, =gl2 =1+ al2n 19

= §Dls 1 §0nl 2 |g12|§015 1 gpnl 2

+ _1S§DI51¢1112‘g12|€0nll€0152 12
a; = gl2° =1+ aln

nl LS|Hy!| nl LS

L)
= € + &, — §01s 1 §Dnl 2 ‘ng‘ SDls 1 SDul 2 nl LS] a2a1 2r3 2 nl LS/J/
2
+ =17 o 10,2 lgnlonl 2 . 13
Pis L Pu 8ol Pu 1 P =o’a, 1} nl LSJ|L- s,| nl LS') 20
8n
= 2rt .
gn =2 =N 0k ¢t 2. 14 . o= allr
T2 k=0 T'>
it nl
LSJIL,- s, LS"J
Slater LS
nl LS|Hy!| nl LS = -1 “Ma,,{s 1} LILIIL S|s,|IS
G
S
senten— o 1 57— 05 L s 3L Ll 2L+ 1
xv 28 +1 28 +1
N S 1
— _ S ’
nISIVE b IS = 10 55— 16 X[L S J]{1 | 1] .
S L Ul5y + +f
16 H,;, 2 2 2
H, H, . L=1=1. S S LJ

spin



11 Rydberg  10G—10M 5085

1 . S 1 &
IS s, | LS') = —1 =555 /30 X [1 1 1]- 22
2 2 2
xvV L L+1 2L+1 ! o 21
xv 25 +1 28 +1 S£§
[L S’ J] 1
X
S L 1 '
1
0 Iy s, Iy s Y
LoLlolLoL 0 0 0
LOL+1|O|LOL+1 L2 L2 “L2L-1/2
L1Llo|L1L -12 ~12 2L+3 2L-112
LOL-1]0|L0 L-1 - L+l N2 - L+l )2 ~2L+3 L4172
LoLlo|lL1L -VLL+1 12 VL L+1 12 0
18 16
24> S S, -38§- 1 s, 1 . Numerov
r Rydberg Rydberg .
_ 2 1 Y Numerov 2w
=20 59013 2L 1 23
Y
Y = (2s1- s2+%)L2—% L-S -3L S°*.
y U=rV Vv
) , V=-2/r
Y L* S, J U
|LS] Y N/, 10°¢
I 2
3.
2
AU e
1 1.996485878379142
Hartree Isnl 0O 0O
20 3.807994610749432 x 10
Vi==2Zlr=-4/r V,=-2 Z-1/r=-2/r 21 1.903997305152672 x 106
en=-2'= 4Ry e, = - Z-17%/n’= 2 9.519986527983804 x 10~
- 1/n’Ry. 5
Hartree 7
H,
AE.  Numerov
H, E AE/E
b 10°° . 1s10g 3

1s 10g



5086 54
Numerov
3
Numerov AE/E
20 0 1 1 360 ~3.978087812669179 - 7.753082884158120 x 10~°
20 4 10 1 1240 - 1.000000172596016 x 10> 5.541796491224802 x 10~
21 0 1 1 360 —3.978987793594879 - 7.753081850580733 x 10~°
21 4 10 1 1240 — 1.000000172596017 x 10> 5.541795515688879 x 10~°
) 0 1 1 360 ~3.978087784057730 - 7.753081048205594 x 10~°
b2 4 10 1 1240 ~ 1.000000172596017 x 102 5.541800523229716 x 10~°
Slater J=1L
F G r,’ = nallr?al
15 16 Hy + -
18 20 23 1 4
H f}fi‘“ al ;, 18
Hyy + HE, V+ HY ay=a,=a;=1
H, 18
4 Rydberg  10G—10M ?
MHz 7 10G  10H
1 5 7 o 9 H-I I-K K-L
*G—"G,  26.1838 26.1432 26.178 H
36— G, 19.7363 19.7105 19.755 4
3Gs—"G,  10.2925 10.2683 10.345 aH
*H—"H;  17.4811 17.4540 17.489
SH,—"H;  12.9016 12.8852 12.905
‘Hg—"Hs  6.7620 6.7463 6.764 o Hy,
Fle— g 12 5015 12.4822 12.509 Breit-Bethe
35— g 9.0676 9.0563 9.072
S—"1 4.7439 4.7329 4.745
*K—"K,  9.3806 9.3661 9.390
SKe—" K, 6.7207 6.7124 6.727
SKe— Ky 3.5074 3.4992 3.510 L
*Le—" L 7.2994 7.2881 7.309
S— L 5.1818 5.1755 5.187 18
Sp—" Lg 2.6974 2.6011 2.699
"My— M,  5.8414 5.8324
SMg— ™ My 4.1175 4.1124
SMp—"M,  2.1382 2.1332 4
4 1snl Rydberg
10G—10M Hartree
IS 25+1 L lsnl



11 Rydberg  10G—10M 5087
Rydberg ~ 10G—10M
1 Gallagher T 1994 Rydberg Atoms Cambridge Cambridge University 25  Kono A and Hattori S 1985 Phys. Rev. A 31 1199
Press p381 26 Kono A and Hattori S 1986 Phys. Rev. A 34 1727
2 Wing W H and Lamb W E 1972 Phys. Rev. Lett. 28 265 27 Drachman R J 1982 Phys. Rev. A 26 1228
3 Farley ] W et al 1982 Phys. Rev. A 25 1559 28  Drachman R J 1985 Phys. Rev. A 31 1253
4 Farley ] W MacAdam K B and Wing W H 1979 Phys. Rev. A 20 29 Drachman R J 1988 Phys. Rev. A 37 979
1754 30  Sims J S and Martin W C 1988 Phys. Rev. A 37 2259
5 Cok D R and Lundeen S R 1981 Phys. Rev. A 23 2488 31 Drake D W F 1987 Phys. Rev. Lett. 59 1549
Palfrey S L and Lundeen S R 1984 Phys. Rev. Lett. 53 1141 32 Drake D W F 1990 Phys. Rev. Lett. 65 2769
Hessels E A Sturrus W G Lundeen S R and Cok D R 1987 Phys . 33 Drake D W F 1989 J. Phys. B 22 1651
Rev. A 354489 34 Zhang T and Drake D W F 1994 Phys. Rev. Leit. 72 4078
8 Hessels E A Sturrus W G and Lundeen S R 1988 Phys. Rev. A 38 35  Yan Z C and Drake D W F 1995 Phys. Rev. Lett. 74 4791
4574 36 Wijngaarden A van Holyj F and Drake D W F 2001 Phys. Rev. A
9 Hessels E A Deck F'J Arcuni P W and Lundeen S R 1990 Phys . 63 012505
Rev. Lett. 65 2765 37 Korobov V I and Konobov S V 1999 Phys. Rev. A 59 3394
10 Hessels E A Arcuni P W Deck F J and Lundeen S R 1992 Phys . 38 Korobov V 12004 Phys. Rev. A 69 054501
Rev. A 46 2622 39 WuXL GouBCandLiuY D 2004 Acta Phys. Sin. 53 48 in
11 Claytor N E Hessels E A and Lundeen S R 1995 Phys. Rev. A 52 Chinese 2004 53 48
165 40 Han LH Gou B C and Wang F 2001 Acta Phys. Sin. 50 1681 in
12 Eck TG Faldy L L and Weider H 1963 Phys. Rev. Lett. 10 239 Chinese 2001 50 1681
13 Miller T A Freund R S and Zegarski B R 1975 Phys. Rev. A 11 41 Hu X Q Hu W J and Kong C Y 2002 Chin. Phys. 11 120
753 42 HeLM LuH and Yang Y 2002 Chin. J. At. Mol. Phys. 19
14 Beyer H J and Kollath 1975 J. Phys. B 8 1.326 316 in Chinese 2002
15  Beyer H J and Kollath 1976 J. Phys. B9 L185 19 316
16 Bethe H A and Salpeter E E 1957 Quantum Mechanics of One-and 43  HeL M Yang Y and Lu H 2003 Acta Phys. Sin. 52 1385 in
Two- Electron Atoms Berlin Springer-Verlag Chinese 2003 52 1385
17 Araki G 1937 Proc. Phys. Math. Soc. Jpn. 19 128 44 Edmonds A R 1960 Angular Momentum in Quantum Mechanics
18  Parish R M and Mires R M 1971 Phys. Rev. A 42145 Princeton Princeton University Press
19  Cok D R and Lundeen S R 1979 Phys. Rev. A 19 1830 45  Zare R N 1988 Angular Momentum- Understanding Spatial in
20  Chang T' N and Poe R T 1974 Phys. Rev. A 10 1981 Chemistry and Physics New York John Willy & Sons
21 Chang T N and Poe R T 1976 Phys. Rev. A 14 11 46  Cowan R D 1981 The Theory of Atomic Structure and Spectra
22 Chang T N 1989 Phys. Rev. A 39 6129 Berkeley Los Angeles London University of California Press
23 Pekeris C L 1962 Phys. Rev. 127 509 47 MacAdam K B and Wing W H 1975 Phys. Rev. A 12 1464
24 Accad Y Pekeris C L and Schiff B 1971 Phys. Rev. A 4516



5088 54

The magnetic fine structure calculation of helium
10G—10M Rydberg states ™

Zhu Yun-Xia He Li-Ming Cao Wei Ge Zi-Ming
Department of Physics  East China University of Science and Technology ~ Shanghai 200237 China
Received 5 February 2005  revised manuscript received 13 April 2005

Abstract
With self-consistent iterative method for solving the Hartree equation precise numerical wavefunctions of helium 1snl
configuration are generated to build up the LS term wavefunctions as basis sets. The magnetic fine structure of helium 10G—10M
Rydberg states is calculated with the linear variation method including both the exchange and magnetic interaction under the
Breit-Bethe approximation. The calculated results agree well with the existing experiment data. Some ideas and discussions for

further improvement are given.
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