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00 A

R-matrix/ MQDT 0O O

A.l 000000 (Quantum defect theory: QDT)

00000000000000000000000000000000000 QDT
001958 00 Seaton[48] D00 00 O0D0000OSeaton D 1966 000000000000
0000000 [49]01970 000 0Fano 00000000000 [50]0 Fano(1978)[51],
Greene 0 (1979)[52] 00000000000 Coulomb 000000000000 00
0000000000000 00000000000000000DROOOOO0OND
00000000000000000

0000000000000 x0000000000000000000000000

00000000000000000000 70 000000000000
n=mp (A.1)

O00ORydberg 00000 r, 0000000000000 0DODOOOOOODOODOO
0 Rydberg 00D 00000000 0OOO0OODOOOOOOOOODOOOODOOO
O00000o0oo00oooooo BOOODODoDoOoooodr=r 0000000000

gboogoobogbboobbooboobboobooboboooboooboo

D, = iBO(f,f,R) [fo(r) cosmu;(R) + go(r) sinmp; (R)] (A.2)
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00 A Rrmatrix/MQDT OO

f:0D0DD00ODOOOOOOO
g:UO0D0O0OD0OOO0ODOO0OO
7Rydberg 000 O0O0O0OODODO
00000000000
R:OO0O0O

$PO:Rydberg 00 0000000000000

doooooobooooobooooao
PPO =" AD, (A.3)

goboooboopoboobogooobooooboobooooobobn
goboobogobooobuoobooobooboobooobooboooboab
goooboboobobobobodbpb0oo0ooboboobobooboboon
Rydberg 00 0000000000000 O0OOOOO (close coupling 0 0)00O0
O0[si+(r)ai+ + e (r)Bie] OORydberg 00000000000 s;4(r)0 ¢+ (r) 00
000000000 sin00 cos000000000004 0 320000000 440

gooboobbooboobobooboobobboooboobboobooo

vl =3 " A0LC (A.4)
i+

O = ¢S (7,7, R)[si4 (1) cvige + ¢i4- (1) Biy] (A.5)

r~ro 0000000000000000000000009%Y ~¢B°0000000
00000000000 00000000000000000000000000000
000000000000 0000000000000000000000000000

O0000BOO CCOODOOODOD %, 000000
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Qi = Z AiCit (A.6)
Biv =Y AiSipi (A7)
O000%4+, =<it|cosmu(R)|i >0.%4,; =< iy|sinmp;(R)[i >0A500 r— oo

00000000,000 reactance 00 (KODO)# =¢-'0000000KOO0O

0000000000000 SO00D000000000oooDooooOoo

1+ iKPhy
S = Tk (4:8)
KPhy — ,}5/00 - %C[%c + tan 7”/]_1%0 (Ag)
1
€ = _W

0A9000000000000O0ODODDODOOOOOOO0000O00OODODODOODO0OO0

O00000000oooooooooono Alooooooo

det | + tan7v| =0 (A.10)

001 000000000000000e~00000% ~tanmp 000000000
O000e>00000KOOO K=tannOOOOOOO A9000Onp~mpu 000000
0000000000 (00000 (p)00D00D0000000000000e<000
000 A10000tan 0000000000 0000000000000 =n—u(n

000)0000000 RydbergODOD ¢, =—[2(n—p)?~t 000000

goooobooo

000000000000000000 (MQDT)ODUDODODODODODOODOODOODOOO
000000000 0DOoO00DOoOO00oO0o0ooDo0ooODoooooo voooood
0000000 VI0OD000000000000000o0ooo0oooooooog Al

00000000000 K 000000000000 00o000 Koooooo

n'(E) = —tan " '7K'(E) (A.11)
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0000000000000000000000000000000000000000
oooo
¢ = pp(r)cosy’ — ¢g(r)sing’

= (fgcosn — gesinn)cosn’ — (fgsinn + gg cosn) sinn’

= fe(r)(cosncosn’ —sinnsinn’) — gg(r)(sinncosn’ — cosnsinn’)
= fe(r)cos (n+n') = gu(r)sin(n + ')
00000 ~ A(E)sin (kr +n(E) +n'(E))

gdodooooobooooooooododooooooguoooooooboo

oobooboboobbooboooboooboon

A.2 RydbergO O OO0

Rydberg 0000000000 D0ODOOn000000DOO0DOOODOOOODODOODO
OO000O0ORydberg 000000 n000000DO0O0OOOOOOOOOOOODOO

gooooboboobooonboog

2
fw=§G%—EJ%<%W@a>P (A.12)

O0D00a000000 bOODO-RydbergO OO

fub = 3 Bion = s = )| (@l ) (A13)
2 R ,
=3P~ m”(@dd@a” (A.14)

0000000000 0O0O0D0bD00bOU0bOU0bOUObOUODOoooDO 1sO 290 eV O
000000 RydbergOOO nO0O00O0O0 eVOOOODOOnODOODOOODOOOO
00000000000000000000000000000000000 Rydberg
gbooboobobooboooboobboobboooboobDboobbooobboooo

000000000000 RydbergODOODODOODODODOODOODOODOODODOOO
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gooboobooboboooboobobooboobbuooboboobbooobooo

| < Dp|d|P, > | x | < Rp|d|Rg > | (A.15)

00000 Laguerre 00000000000 O0OOOOO

n—l—1'2 "‘2‘31 Jiari [(n+ D2 (2)F
(n—1—1— k)2 + 1+ k)K!

gbooooboobbooobooboooboobboobobooboooboboooboo

000 1s3s000000 1000000DOO00DU0U0OOnOOOODODOOODDOO

0000 n*0000000000000000000O00s-sO0s-d00000O0

0A1 1s-3s00000010000000000000 RydbergOOOQOOO

oooomoooooobooooo

n  ns np nd nf  1/n?

3 1 1.389 0.1 1

4 0.408 0.573(0.413) 0.054(0.54) 0.001 0.42

ot

0.206 0.29(0.210)1  0.024(0.24) 0.22

0A10000000000000000000D00O00000O00000000 n

goooobogbbooooobon

gooboobooboboooboobobooboobbuooboboobboooboon
goooooboooooobobb pbbbboooobobbb voooooobbo
goooobooboboooboobbooboobboobboobboooboooboo

O00000000000000000000 RydbergDODODODOOOOODOODOO



118

00 A Rrmatrix/MQDT OO

000000000000 000D00000000 RydbergOODOODOOO P, 000

00 Ale000D00OO0OO0OO0O0OO

Par = (1)1 [ 2 (A 06+ A0 (4.16)

FRRC IR

A_=— (-1l cos[r(v+p)\/ 5 K
0000C,=4%%0000
Rydberg 0000 v=n-p0000v+pu=n(00)0000sin0000000

O00000000000000 AlrT000o0ooo0

P o (-1)'*1K6 (A.17)

KOOOOOODOOOOODOOOO0OO0O0O0 » 2000000000000

K= T +1+1)(v—1)]"1/? (A.18)
=[P+ D)(v—1—1)]""? (A.19)
xv? (A.20)

0000000000000 0000 vOOOO0DOOODODODOOOOOOODODOO

2
0=W,03() (A.21)

v

o 2 2
- e—:(f)lﬂM(H 1-u, 21+2,7p) (A.22)

_5(%)l+1[1 (+1-v)(%) N (I+1-v)2i
v 20+ 2 (20 +2)22!

e

+ . (A.23)

000000000 vy, 00000000000000000000O0O0O00000A0

D0000000O0O00O0Rydberg00000D00000O0ODODD » 3000000
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oooooO
fon = %(En — E,)| < Py|d| ¥, > |? (A.24)
x| < Ko|d|v, > |* (A.25)
x v < 0|d| vy > | (A.26)

A.3 R-matrix O

goobooboooboooboobobooboobbuooboboobbooobooo
goooobooboboooboobbooboobboobbooboooboooboo
0000000000000 00000000000000 RmatrixODOOOOOOO
OO00000OR-matrix 00000000 O0OOOO
Rmatrix 000000000 a000O00OD0O0OOOODOO0OOODOOOOODODOODO
Oo0ONOOOOOoOoOoooooooooooOoOoooooooooooD Clooooog
N+1O00O00OQ0O0OO00O00OoOoDOOoooobOobOoOO0obO0bOobooboUooUoDobo
goooobooboboooboobooobuoobboobobooboooboooboo
goooobooboboooboobooobuoobboobobooboooboooboo
0000000000000 0000000O0D0O00O000O0DO/0D000O000O0DO
oo0oONOOOOODOODOOO0O0DOODOOOO0ON4+1O000D0ODODOOO000DDOOD

00 N+10000 Schrodinger 00 000000000000

Hy U = B (A.27)
N+1 N+1
1 Z 1
Hyi1 = Z(_EV% - ;) + — (A.28)
i=1 v i>j=1"%

DA.QSDDDDD—%V?DDDDDDDDDDDDDDDDDDDDDDDDDDD
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00 A Rrmatrix/MQDT OO

gooboon

< ¢1|HN|(I)] > = Wi%ij (A29)

q)i(Xl, X2, ....XN) = Z ¢J (Xl, X2, X]\])C'jZ (A30)
J

000x;=ro0;00¢;00000000000000000C;000000000
000000 A290000000000000000000000000000000
0000ON+10000000000000000000000 Hyyy O r=a0000
00000000 -1v?0000000000000000000000000000
00000000000000000Bloch000 Ly D0000HN41 +Lyyr OO0

gooogooog

N+1
1 d b—1
Ly = Z 56(” a a)(dr' o ) (4.31)
i=1 ¢ ¢

OO00obOODODOOOOOODOOODOOOODOOOO

(Hys1+ Lys1)¥ = (E + Lyg1)¥ (A.32)

(HN+1+LN+1 —E)\I]:LN+1‘1/ (A33)

gbooboobobooboooboobboobboooboobDboobbooobboooo

¢v; 0000

< ilHn1 + Ln4a|¢; >ine= Eidij (A.34)

dodoooooooboboobooo
¢k(X1, ....XN+1) = %Z@(Xl’ ----XN;fN+10N+1)r]:ri_1Uj(rN+1)aij
ij

+ Z Xi (X1, - XN 41)bik (A.35)

K2

000000000 close coupling 0000000000000 ODOODO (correlation)

D0000000000« 0000000000®; 000000 &, 0000000
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0000000«; 00000000000000000000 r=a000000000
Hyt1+Ly41 0000000Oa 0 b, 00000000000 close cupling 00O
000000 Ocorrlation(00) 0000000000000 0O0ODOOOOODOOOOO

O00000000Rydberg0 000000000 O0AS330 ¥, 00000

1
¥ >= ; x> B, _E < Yr|Ln 41| ¥y > (A.36)

000000000000 0D0ooDOnD ;0000000000000 000O000

0000000000 /00000000000000000000000O0000

Fi@) = Y Rig(B)(a“7L = bF) o (A.37)
Ry (E) = i y ;:‘_”Jg (A.38)

k

R;; 0 ROOOOF; O0Oreduced angular function 0000000000000

r E(r) =< & >’ (A.39)

0000 (surface amplitude) 0000000000

a” wip =< Bl >, (A.40)

¢, 0000000 ¢,00000000000000000000VOON+1O0000
000000000>0000000000000000000000000000O0O
goooobogooo

0000000ooo0ooooooooo0 r=LSM MgOOOOO x000000O0O
0000000 Hyvyq+Lyp OOOOOOOOOOROOOOOOOOOOOOO

goooobooobooboboobooobob-ooboooboooboo

U(X1,...XN+1) = Z D;(X1, . XN fN+1UN+1)TJ:f}|-1Fi (ry+1) (A.41)

K2

0000000000000 oooDoooo00000D0000 wOooooooo A4l
00 A20000000000000000000000O0 F;(r)0D0000O0OOO0O

goooobogo
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HN+1 23174;]}‘_1}71 (TN_|_1) =F Z 23174;]}‘_1}71 (TN_|_1) (A42)
2 L +1 - .
(25— % +EDF(r) =2 Vi(rF(r) i=1l.nr>a (A43)
j=1
k? = 2(E - (/Ji)

000V, 0000000000 200000000000000000000000
ooooo
r—oo0000
Fyj(r) ~ k™2 (sin 0;0;; 4 cos 0, K,;) (A.44)
oooooo (k2 >0)
Fij(r)~0 (A.45)
Dooooo (k2 <0)

(A.46)

F,0001n,000000000000000000000000000000000
9, 0000000000006, =kr—3,7x000000000n,xn,0 KOOD
0000000000KOOOOODOOOOOO0O000000S00000000000

goo

1 +:K
S =
1 —K

(A.47)

0000000000000 00000000R-matrixO0O0O00O0O00OD0O0O0O0O0O
O00000000000D00F,;,(r)00000F,;;(r)000K,;; 00000000K;;
000SO0000000DDooo000ooooooooKOODooooooood
0000000000000 0D00000ROOOO0 KOODODODODOKODODOOOO

goboobobooooooboonbbo
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A4 OO00O00O0O0ODOOOOODOOOO

000000000000000000R-Matrix/MQDTOOOOOO0O000000
000000000000000000000000000ab initio R-matrix/MQDT
0000000 GSCF4ROOOO [22)0

0000000D0000000 ARPISOOO000000000 3s,3p Rydberg 00
0 Rydberg-valence 0 00000000000000000000000 RydbergO0O
0000000000000000000000000000000000000000
000000000000000000000000000000000000286 eV
000 17000000 x000000000000000S00000000000
0ooooo

00000000D000000000000000000000000000000
0000000000000 1s0000000000000000000000000
00000D0000000000 [33]0000000000000HTS8X(C[721/42] O
H[32])0 HTS9X (C[721/52] O H[42])0 HTS9X+(C[721/511] 0 H[411]) D000 00O
000000000000000HTSSX 00 300.852 eVO HTSIX 00 300.321 eVD
HTS9X+ 00 300141 00000000000000000000000000000
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0 A2 CcCpCOODOOOOO

nle;t 00 (V) 000 (%) nloyt 00 (eV) 000 (%)

1 -3.62 0.14 1 -3.29 37.77 307
2 -2.44 0.57 2 -2.26 0

3 -1.49 0.01 3 -0.91 37.1 30
4 -0.23 0.03 4 -0.07 0

5 0.63 1.99 5 0.04 0.01

6 1.48 0.05 6 0.04 0

7 1.59 0 7 0.27 16.34 30
8 2.24 0.23 8 2.07 0

9 3.78 34.66 17} 307 9 2.29 6.6

10 6.21 33.67 17} 307 10 3.67 0.14
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