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The formulae of configuration interaction matrix elements are collected in the
present paper for singlet and triplet state wave functions, which cover up to the
case when the unpaired electrons are at most six, and for doublet and quartet state

wave functions, which cover up to the unpaired electrons are at most five.

Usually in atomic and molecular calculations we use a scheme in which each
electron is given its individual quantum state, and the atom and the molecule as a
whole are described by a configuration, i. e., by a set of quantum numbers for the
individual electrons. Two-particle correlations are included in the “configuration
interaction”. In the present paper tables useful for the configuration interaction
calculations are collected in the general forms ready to be able to apply them to
any particular problem.

The total electronic wave function is assumed to have the following form:
=23 CAi Dai
Ai

where Cy4; are the coeficients toc be determined by the configuration interaction
calculation and @4 have the form :

Dy=(M)"2 S (= 1P P{p1(r1) 02 (01) 92 (73) 02 (02)-0u (7ar) O CoaD)}

A=78 =01 (r1) 92 (r2)0u(ry)

The letter A (B) denotes the space orbital configuration (i. e., a set of space
orbital quantum numbers for the individual electrons) with definite space sym-
metry and ¢ () is the numbering of the independent spin functions with the
same space orbital configuration. The wave functions are assumed to be made
from products of single-particle wave functions (wave functions of the individual
particle). It is assumed that
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& P P AV = Oy

(orthogonality of the single-particle space orbital functions).
In order to evaluate the coeficients C4; by the configuration interaction calcula-
tion, the secular equation must be solved, the matrix elements of which are

Ai -
Hp' =\ 0 HOy; do.

In the present paper the formulae of configuration interaction matrix elements
Hﬁ; are tabulated for singlet, doublet, triplet, and quartet state wave functions.
The explicit forms of the spin functions 95\’,],[,]6 used in the present paper are
shown in the preceeding paper®). It is convenient to explain the definition of
the wave functions @4; by taking the simple example which is shown in the fol-
lowing : for example in the case of that 1) the number of the unpaired electrons
is five (W=15), 2) the total spin quantum number is one half (S:~§~), 3) z-
component of the total spin quantum number is one half (M:—éw), 4) the num-
bering of the independent spin functions with the same definite S and M is one
(k=1), and 5) the space orbital configuration is A = ¥%=abcde (five electrons in

five different space orbitals, i.e., five unpaired electrons),
Op; = Oa1 = (0 (ac, bat, 6, da, ef) — © (aa, ba, of, df, ec)
-0 Eaa’ bﬂy COf, ddy eﬂ] + o Ead! bﬂ: Cdy d/@r ed]) 5

where @ (@104, 9o0s,-, ox0x) is the Slater determinant (@44 is the linear combina-
tion of four Slater determinant), @ (@104, ¢202,, @30y )

91 (r1) 01 (01) 0o (71) 02 (01) - @y (71) Oy (o1)
_ 1 ®1 (r2) 01 (02) @2 (r2) 0o (02) =+ @y (r2) 0y (02)
TV MY e
1 (73) 01 (oy) 9o (ry) 02 (o3) - @ (F3r) Oar (o37)
and @gV,M,kz@g,z 14 1 has the form as shown in the preceeding paper®),

65, 4 1 =5 (@ (D@ (2)F @) @B —al)a®)p@)pH)a®)
~a ()@ a(3)aU)fG) +a(l)f@ad)Fdabd)

When there exist the paired electrons in the space orbital configuration A4, in
writing down the ¥9, the simple product of single-particle space orbital func-
tions corresponding to the space orbital configuration 4, WE WRITE ALWAYS
IN DEFINITE ORDER THE UNPAIRED SPACE ORBITAL FUNCTIONS AT
FIRST, AND THEN THE PAIRED ONES. For example in the case of the above

1), 2), 8), and 4), and particularily in the case of that 5) the space orbital con-
figuration is

A =74 = abcde ff gg---1l ,
M f)air
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Par = ‘%"(7%)“’ (@ Cac, b, cp, dat,ep, f (wf—fa), gg (@ff), o, 11 (@ f—Fa))
—0 (ad, ba,cf,df, e, ff (¢f—fa), gg (af—fa), o, 1L (df—pa))
—0(aa, bp, cd, da, ef, ff (¢f— ), gg (af— ), 1L (af—fa))
+0 (a, B, ca, AP, ed, ff (0 f—fa), gg (¢f—Pa), =, 1l (af—F))).

®41 is the linear combination of 4 x 2 Slater determinants. After we have
decided the recipe to write down the 6% , , which are shown in the preceeding
paperD, and the 79, which are explained in’the just above, we can define uniqu-
ely our wave functions @4;. The tables of the formulae of configuration interaction
matrix elements ngz SQ)_A,‘H@B]' dv obtained from the wave functions ®@4;, which
we have just defined in the above, are collected in two parts, A. Diagonal Part
and B. Nondiagonal Part. In the formulae of the diagonal matrix elements Hj:
only the exchange integrals between the unpaired electrons are written, and the
exchange integrals between the paired electrons, the exchange integrals hetween
the paired and the unpaired electron, all coulomb integrals, and all kinetic and
nuclear integrals are not written, because they can be obtained very easily.

Our wave functions ®4; which are defined in the present paper by putting to
use the Slater determinant can also be written in the following form :2)

- Ai
Dy = Zli Vi e Ot >
o

where Og,y,;, are the same spin functions as defined in the preceeding paper!) and
YfﬁfM,k are some linear combinations of the products of single-particle space orbi-
tal functions. We can construct the irreducible representation matrices V(P), the
bases of which are the spin functions Og, 4,1,

POg,yr= 12 V5™ (P) Og, i
i

We make the new irreducible representation matrices U (P) from the inverse ma-
trices of V (P) multiplied by e¢p = (— 1 )P

U (P) =epV (P)
Then it follows that

_ s
PPs,u,1 = ZIJ_‘%}LI;M PYPs,0 >
3

because of the fact that the total wave function must be always antisymmetric
in the permutations of electrons. Using the irreducible representation matrices

. A, .
U (P), Our matrix elements HBf can be written as
J

A. J—

Hy! = S uj; (P) Hj (P), HY(P) =PV HVS do.

In section C of the present tables some irreducible representation matrices U(P)
are collected for singlet and triplet wave functions, which cover up to the case
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when the unpaired electrons are at most six, and for doublet and quarted state
wave functions, which cover up to the unpaired electrons are at most five. The
matrix elements Hg’ shown in the present paper have been practically obtained

J
by making use of these irreducible representation matrices U (P).

Explanation of Symbols Used in Tables
N : number of the unpaired electrons
k : numbering of the independent spin functions with definite total spin quantum number
S and its z—component M
A, B: A=v9 B= 7}, the simple product of single-particle space orbital functions ¢,, ’s
(space orbital configuration)
a,b,c,d,e, f,& g : single-particle space orbital functions ¢,, ’s
K (ab) : exchange ihtegral (ab|ba)
(ab|cd) SS AONAC) (%)b(l)d (2) dvy dvs
(a|h|b) : Kkinetic and nuclear integrals
J"(Z &) (—_;_ d1-3 7%’ﬂb (1) dvy
P, ¢ the PAIRED single-particle space orbital functions
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A. DIAGONAL PART

I. Formulae of configuration interaction matrix elements for Singlet state wave function

(8=10)
1. N=2 (k=1) (Omitted)
2. N=4 (k=2) A = abed
A
Hiyl=+1 K@) -5 K@) - 5 K (ad) - 5K (b0) ~ 3~ K (bd) + 1K (cd)
A 1 1 1 1
Hy=-1 + g g Ty g -1
A
Hyt = T[K (ca) ~ K (da) - K (cb) + K (db) | = H%?
3. N=6 (k=5) A = abedef
ARl RlR AR AR AR [alalr AR
1833z s 5lklz s slEls |z s 8
Aq _ _1l 1)1 1 1) 1] 1 1 1] 1 1 1
Hay= |+t z‘J 9|72 T2 | T2 Ty Ty T2 Y T2 Ty Ty T Y
Ay 1' v ol ] 1] 1] 1| 1] 1
= — 1 il T = — Nl [l LI UL —_ | = = ==
Ha, | Tty Ty T Yy | Ye| | T2 | T 2| T2 Ty T2 Y
Ag 1 1 1 1| 1 1 1 1 1
= | -1]= RN ) L N I S N T R = - - —
HA3 ‘ Li+g|+g| +y Litg|+g| 5| +vg5|Ts| *3 1 1 1
Ay Poa) s o o o] s ol 1]l 1 s sl 1] 1
= -1 | = il el = == il Pl S P — il —
Hay 2 B R Bl B o B i B - B B B N I
Ag 1’ I Y Y SRR
= S PSRN RSN T AT U U U I U R N NN S B S 1 B R = | =
Has= |*Y =72 |79 "2 "2,73 | 72| "5 Y|z | Ty Ty ty 7!
Ay _ /3 _ _ .
Hyt=Y> [K (ca) — K (da) — K (cb) + K(db)]
Ay _ 1 ~ ~ )
Hyt= L [K(ea) K (fa) - K (b) i—K(fb)]
A1__.__ 1 _ 3 . - _ Az
Hiyt=-—-[K(a) - K(fo) - K () + K(f0) | = HY?

HA4L = Y3 [K @) - K (f0) - K (ed) + K (fd) |
HY? = = [K (@) ~ K (fa) + K (@) = K (fb) = 2K (@) + 2K (/o)
B - L [K@ -KGo) + K@) - K(D) -~ L K@+ 5 K7D

- g K (ed) + 5 K ()
HA4 \/2 [K (da) - é K (ea) ~ —} K (fd) + K (db) — —L_ K (eb)
— _;—K(fb) — 2K (dc) + K (ec) +K(fc)]

As _

HY® \/;[2K(da)—K(ea)~K(fa)—-2K(db)+K(eb)

+ K (fb)] . I 7 Sglet |




Configuration Interaction Matrixz Elements 403

Hﬁi - :/13[ 8K (ca) + _2_ K (da) - K (ea) — K (fa) — _.._K (cb)

- ~é- K (ab) + K (eb) + K (f b)]

; A
HYyi=HY
II. Formulae of configuration interaction matrix elements for Doublet state wave function
1
S =5 |
1. N=1 (E=1) (Omitted)
2. N =3 (k=2) A = abc
HA1 - %._ K (ab) — ; K (ac) + 1K (bc)
A2 1 1 B
Hj t + oy 1
Hﬁ; - ,\Zéi (K (ba) - K (@) ] - Hﬁi
3. N =58 (k=5h) A = abcde
K(ab) | K (ac) | K(ad) | K(ae) | K (bc) | K(bd) | K (be) | K(cd) | K (ce) | K(de)
T N R A
Hyy = 20 i el e el el L i Sl B Sl E Sl B sl B
Y- T IN INT S VD S I S S S S U S I S I
Hy, = |ty g | 7 2 ! 2 2 i R
As _ | 1) 1| |l TR 1 1|
Hyy = o | T2 ENEEN e e B o !
Ay _ SR VU S VR S D S SR - N U - S BV S IR S RO
Hyy = [T "6 |6 |6 3 6 6 | T Te !
As _ _ VRN S VO S AU S ANUUUN S RV S RN S - _
HY® = 1| 5|t | T e | s 1 1 1
Hﬁ; - \_/,3 (K Ga) - K (ca)]
HA3 [K (dby — K (eb) — K (dc) + K(ec)]
Hyt =- 4 [K@) -K@a | =- HY
Ay _ 1 (K (da) - K
HYE = J[K @a) - K o]
T4 = L [K@o) -K(ea) - L K@)+ L K@) - 5 K @
A4 VB
3
+ o K@]
a2 = [K (da) — K (ea) — 2K (db) + 2K (eb)]
4 \/6
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N N )
Rt [ -  Kn- L K oK @+ K
K (e5)]

A; _ A
Hay=Ha;

III. Formulae of configuration interaction matrix elements for Triplet state wave function (S=1)

1. N=2 (k=1) (Omitted)

2. N =4 (E=3) A = abcd

Hﬁi = ~ 1K (ab) —%K(ac) —%K(ad) | —-é_K(bc) —%K(bd) + 1K (cd)
i S T N R S
Hﬁ§= + +—;—’+~éﬁ -1 ’—1 - 1

Hyt = V[~ L K@+ LK @a) - K@) + K @) ]
HY=- z/g_ (K (@) - K (@)

H4? = V22K (b0) + K (o) + K (d0) |

Az 73
A, L A;
Ha;=Ha;
3. N=86 (k=9) A = abcdef
] TS TS & S ETE TGS SIETS ETEE
(@b) | (ac) | (ad) | (ae) | (af)| (be) | (bd) | (be) | (Bf)| (ed) | (ce) | (cf ). (de) | (df)| (ef)
VR N I O O U8 T O U O O O T N W B | _1l_1)_1|_1
Hy; = ! 21 2| 2| 2| 2| 2 ol 7o L 2 2 2 2
Ay _ | _1|_ 5| 5| _ 1| 1| 1| 1| 1| _1|_4|_1|_1|_1|_1
Hap, = 75|76 6| 2|72 2 2|22 ' 2| 72| 72| 2!
Ag v A T O A O A A O S U AN U IS S U IO A O O O
Hay = |73 5|3 PR A Bt e ¥ - R - - B 2
Ay 101111111
= |1l o | = = | = | | = | = | ~-1|-1|-1|=1]=1|-1
HA4 ! 4 4 4 4 4 4 4 4 !
As 1| ul 777 1] ol o] o ul 111
RO [ S [ DL D D ) L IO G g G e |
Hy, 3| 12|36 |36 |36 | 4| 12| 12| 12| 8 |73 | 3
Ag 1|1 701 |1 1| 5| 5| 1/ 5| 5| 1|1
= | | |- T I 22—
Hy, 3 | 3 9|18 | 18 ! 3 6 6 3 6 6| 2 2
Ay 1 1| 7l 7| 7 111111
= —_ | == = —_— -] = = = =-1]-1]-1
HA7 3 3 9 9 9 b 3 3 3 3 3
s | 1| s 7 sl a5 1|1 | 1| 5| 5|1 1|y
Asg 3 6| 18| 18| 18| 2 616 6 3 6 6| 2 2
Ag ST A T T T A T R T R | 11|11
= | - ST N U T IV IS IR R T U T - LT I S DU S (N e |
Hy, ! 2 2 2 2 2 2 2 Ll 2 2 2

* K(ab)’s are printed as (ﬁ) ’s Triplet |
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Hﬁ; - V;[ L Ko+ L K@) - K@) +K @ |
Hﬁ; - 3[3?.. (K (ca) - K (da) ]

A A
HAi = HA; =

Hﬁ; - _.é* [%_ K (ea) — 1 K (fa) + K (eb) — K (fb)]

Hﬁ; = \/ [K (ec) — K (f6) — K (ed) + K(fd)J
Hﬁi - 3/37_[ 2K (ba) + K (ca) + K (da) |

m42 =- VI (K@) - K (/o)

42 =VE (K@ - K (o) = B4
52 =V [K @@ - K ()] = HES
Ay _ 1

HA7 _ \/——6~[—' ._%ﬁK (eq) +%_._K(fd) + K (eb) — K (fb) — 2 K(ec) + ZK(fC)]
Hﬁz =\/L§[_ %},“K(ea) + %),‘K(f“) + K () - K (b _%K(ec)

+ 5 K0 - 5 K () + 5 K (fa) ]
Hﬁz =T[K(w) — K (fa) + 3K () —3K(ﬂ7)]

HA \/10 [K (ed) — K (fa) — 3K (eb) -+ 3 K(fb)]

4

HY = ilf ERICE g K (fa) = K (@) + K (f6) ~ 4K (@) + 4K(j0) |

HA42 = Y3 [ 5 K - -3 K(fa) ~ K (eh) + K (f6) - K () + K(fo)
~ 3K (ed) +3 K(fd)]

Hﬁi - \11,5 {K (ct) = —+— K (da) - _S_K(ea) - _é K (fa@) - 3K (cb)
+K(db)+K(eb)+K(fb)]

HAG \/30 ~§K(da) - néAK@a) - %K(fa) — 2K (db) + K (eb)

+K( ﬂ,)] Triplet
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A = \/30[—3K(ca)+K(da>+K(e“>+K(f“>]

7

HSt - ﬂ-é (- 2K (@d) + K (ea) + K (fa)

8

HA \/2[1?? K(da)_%K(ea)_,g*[((fa)—2K(db)+K(eb>

6

+ K (fb) - 8K (de) + 4 K (ec) +4K(fc)J

HYS = 2 [- 2 K @o- -2 K@) + K (da) + K (ea) + K (f0) |

T8 5

HY? = 5 [2KW@o - K@ - K (fo) | = HS®

Hﬁg _ 2,,,\9/§[ 2K (da) + K (ea) + K (f@J

G =V~ 2K o) + K (o) - L K @a) + -2 K () + -2 K (o)

e =20 [~ 2 Ko -~ L K@)+ K () + K (f0)

HA7 _ \/2"[_ LK (@) + L K (eay + L K(fa)+ K@) - -1 K(eb)
_ ;.2,,_ K (fb) — 2K (dc) + K (e0) + K (f@]

HYT = o[- 5 K@+ K o) + LK (fa) - 2K @) + K (@)
+ K () |

HE® = e [_ LK (eay - ,_é,, K (da) + % K (eq) + —— K (fa)

_ ,,2_* K (cb) — —2— K (db) + K (éb) + K (ﬂﬂ
HY ="y

IV. Formulae of configuration interaction matrix elements for Quartet state wave function

(S=—5)
1. N =5 s — D) (Omitted)
2. N = (k=14) A = gbcde
} K (ab) { K (a0) | K(ad) | Ko ’ K (b) ’ K@d) | K (be) ] K (cd) ] K @) | K(do)
Ay _ - SN S D S SO S S S DN S I
By = } ! 2 2 ! 2 2 l ) g *t
73 A2 — _;.1* — 5 _75,‘, _?1* .__i_ —«__5_ ¥1_, 4,_/1_4 -1
HA, T 3 6 6 3 6 6 2 2
(A [ S O S A S U S W A R O A B B
Hag = i 12| T2 12 3 3 3 ! ! !
Ay _ 1 U T _ _ _ _ -
B4t = ‘ —— | — ; 1 1 1 1 1 1
HAz - 54?_[ K (da) + K (ea) — K (db) + K (eb) — 3 K (dc)

+3K (ec)J !M‘
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HY = YZF_[ K (da) + K (ea) — 4K (@) + 4K (@) |

Hﬁi = \/_O[K(da) —K(ea)J

HY? = .\/?[- 1K (@) + 1K (@) + L K (ea) — 2K (@) + K (d)
—i-K(eb)J

HA2 = ;/,39 [~ 2K a) + K (da) + K (e0) |

Hﬁi \/15’ ~ 8K (ba) + K (ca) + K (da) + K(ea)J

Aj

Hy

i i

B. NONDIAGONAL PART

I. Formulae of configuration interaction matrix elements for Singlet state wave function (S=0)

1. Ny=2o0r0, Np=2o0rQ(ks=1, kg=1)
A Zzziicd H‘é = (cd | cd)

- abee H};l =~ (bd | ca@) + 2 (cd | ba)

= abce Hé =— (ad | ¢b) + 2 (cd | ab)

|
[
g
<
b

=— (ad | cd)

s e e ke W
Il |
S ix)
S
s

I
&
8
S
W

- {(c | k| a) + (ca| aa) + (ca |bb) + (ca |cc) + 2 (ca | Py P,)
- (P, al cP,,)} + 2 (cb | ba)

a-da HES = {(b|h|d) + (bd | a@) + 2 (bd | P, P,) — (Pad|bPa)} + (ba | ad)
a-a HG = {(a|h(d) + (ad | Ub) + 2 (ad | P, P,) - (Pad{aPa)} +2 (ab | bd)
G-% HS =7 (d| a0

4= e HS = (ad| by +2(cd | ab)

ST H == (cd| D)

5l Hp=- @l

a-a H% = (ad | bo) + (bd | ae)

Lo g4 —— (d|ca)+2(ed | ba)

5tnn  HE=-dlw ErCE
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A = abccdd
B = cdaabb
A = abcc
B = acbb
A = abce
B = bcaa

A = ab
B =da
A = ab
B = aa
A = aa
B =dd
A = aa
B =da
A = abcc
B = dcaa
A = abcc
B = aabb
A = abcc
B = dbaa
A = abcc
B = dcbb
A = abcc
B = adbb
A = abcc
B = dabb
A = abcc
B = acdd
A = abcc
B = bcdd
Ny=2
A = abcc
B = abdc
A = abcc
B = abcd
A = abcc
B = debc
A = abcc
B = decb

or 0,

“ M. YAMAZAKI

H% = (ca| db) + (da| cb)

HE == {1715 + @ aa) + @ | 06) + (b [ cc) +2(ch | Py Po)
— (P,b| cP,L)} + 2 (ca | ab)
A

HE =- {(c|h|a) + (ca | a@) + (ca | bb) + (ca | cc) + 2 (ca | P, P,)
— (P,a| cP,,)} + 2 (ch | ba)

Hp = {b1h1d) + 4d|ad) +20d| PPy - (Pyd | 0P} + (ba| ad)

HYG = \/E{(b | k| @)+ (ba|ad) + 2 (ba | PyP,) — (Poa| bPa)}

HY = (ad | ad)

HG = \/f{(auud) + (ad | ag) + 2 (ad | P, P,) — (PadlaP,L)}

Ha =— (d | ca) + 2 (cd | ba)

Ha =— V72 (alcb)

Ha =- (cd|ca)

H =— (ad |cb) + 2 (cd | ab)

H% = (cd| cb)

HS =~ (b cd)

HG =— (bd | cd)

H%G =~ (ad | cd)

NB=4 (kA=1, kB=2)
HE, = VE[(C1h1d) + @d|aa) + @d |0 + (cd | ) + 2 (cd | Py Py)

— (Pyd|cPp) - —»- (ca|ad) — —4— (cb | b))
ng -z [\LE (ca | ad) - 1425 (@ | b))

Hig, = VE[((clhld +(cd|aa) -+ (cd | bb) + (cd | cc) + 2 (cd | Py Py)

— (Pud|cP) - 5 (ca|ad) — —5— (cb | bd)]
ng - A/%[— (ca | ad) + (cb | bd) |
H§1 - %[(ad | cé) + (cd | ae)]
6

I_]gz = l/éﬁ — (ad | ce) + (cd | ae)]

-

H§1 == [(ad | ce) + (cd | ae)}

vl <

Hg}z - A/  [(ad | ce) — (cd | ae)] Singlet 1x2 |
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4= abee H‘gl =vZ [— —;— ((c|h|d)+ (cd| aa) + (cd | bb) + (cd | ce)+ 2 (cd | PyPy)
~ (Pod | cPy)) + (cb | bd) — —5— (ca | ad)]
HB2 =2 [\/3 {the above} — (ca | ad)]
A = abccdd

B =bcedaa  H ‘§1 =Vv2 [*; (ce | da) ~ (de | ca)]
o4, = /2 elaa

A = abcedd A
G et H =T [~ (| db) + —5— (de|cb)]

HB2 =- m/‘“ (de | cb)

B Hp =T[5 el db) ~ e lea))
HB2 A/ (ce | db)
A = abccdd

B = acedbb Hé =VZ [_1“ (ce | db) — (de |0b)]
HB2 =- A/“ (ce | db)

A = abecdd A 1
B = cadets  Hp, = V2[5 (ce | db) — (de | cb)]

Hf, —- @ (ce | db)

A = abeedd
B = acdebb HBi~\/2( (celdb>—(de|cb)]

HY, = /2 el any

A = abccdd A =7 1
B = bedeaa Hp, =Vv2 (‘Q‘ (ce | da) — (de | 0“)]

Hig, =5 eld

4 = abee Hg}izvf[(ad[ce) ——;ﬁ(cdlae);l

bd mh el i)
a4 =3 @l

a=aw pgA L) + ] ao)]
4 = A/g | ad | ce) - (cd | ac) |

Bluh  HBm-ys[0dle @]

Héz = /\/% [—— (bd | ce) + (cd | be)] Singlet1x2
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A = abec A 1

5 tede  Hp, == 7| @lc)+ @)
i, =3[~ @il + @ala)
Blbde  Hp, =V [@l@ - ) a)]
HE, = 2 a)ae)
BlGe  HE ~VI[@lw -]
Hp, == 2 @)
B  Hp, == @) - (e |ad)
HY, =~ V3 @ bd) + /T (| ad)
5lade  Hf, == g @le
HE, =@l
Bl HEb, = gy e
HE, =~ /2 oo
A = abcedd

B = ecdbaa H‘§1=\/?l:— (ce | day + —4— (de | ca) |

H‘fglz - A/g (de | ca)

Bithe  Hh,=vI[- @l i)

HY, == /2 @e) e

= abccdd Lr
B G Hy =gl @)

Hg}z = /g {j(ce | da) — (de | ca)]

B HA =VT[- g (@11 d) - ed | ad) + (ed | B) + (od | ) + 2.(cd | P, Py)
= (Pad | cP) ~ —5~ (ca|ad) + (cb |bd)
ng -7 [3(; {the above} — 3125 (ca | ﬂd)J
dzde  gh o vE[edie) - L@l
Hp, == g €10
420 mh - vE[@io - enw)

A _ 3 :
fIB2 =— A/‘z‘ (bd|cé) Smgltet 1%2



A = abcc
B = cade
A = abcc
B = cdae
A = abcc
B = deac
A = abcc
B = adec
A = abcc
B = daec
A = abcc
B = deab
A = aabb

= deab
A = aabb
B = daeb
A = aabb
B = dabe
A = aabb
B = adeb
A = aabb
B = abde
A = aabb
B = adbe
A = abcc
B = cade

Configuration Interaction Matrix Elements

He = V2 [(bd | ce) + (cd | be)]

1
Hip, =3 [0aic) - o]

Hp =VE !i(cd | be) — —5— (bd | ce)]

HY, = A/? (bd | ce)

Hgl —— \/.2 [(bd | ce) + (cd | be)]
HE, = g[_ (b | ce) + (ed | bo) |
Hp, - '§((bd|ce)—~—(cd|be)}

Hp, == /2 @
HY, = [(bd]ce)— L (cdlbe)J
HE, = 3 @avo

Hp, =V2 [ |
HY, =0
Hgl = — (ad | be) — (bd | ac)

HE

, = V'3 (ad | be) + /3 (bd|ae)

H’gl =2 (ad | be) — (bd | ae)

H, =3 (a0

H‘gl — 9 (ad | be) — (bd | ae)

HY, =- /3 ®d|a)

H‘gl — 2 (ad | be) — (bd | ac)
Hi, == /3 ®d|a)
H-gi = (ad | be) — (bd | ag)

ng =— /3 (ad | be) + /3 (bd | ae)
H§1 =2 (ad | be) — (bd | ae)

H’gz =/3 (bd | ae)

A = \/?[(bdlce) + (cdlbe>J

1

HE, = 3 @) - o]

411

Singlet 1x2
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A = abcedd
B = acdbee
A = abcedd
B = cabdee
A = abcedd
B = abcdee
A = abcedd
B = cdabee
A = abcc
B = adbc
A = abce
B = acbd
A = abcc
B = dacb
A = abce
B = dcab
A = abce
B = cadb
A = abcc
B = cdab

M. YAMAZAKI

HE =5 el do)
HE, = /2 celan
HY, = 5 el do)

ng = — /g (ce | de)
Hig =-VZ (ce|de)
Hp =0

H%, == V7E (e de)

HYp =0

2
= VE [~ (1 h1d) + (| ag) + (cd | B6) + (e | cc) + 2 (cd | Py Py)
~ (Pad|cPp)} - —5 (ca | ad) + (cblbd)}

Hég =7 L \/ﬁ (the above} + Y. (C“ | “d)]

Hp, = VT [~ 5 (171 d) + o | ag) + (ed | 0b) + (cd | &) + 2 (0 | P, Py)
= (Pyd | cPy) + (ca| ad) — —5— (cb | ba) |

Hgg =2 ( {the above} + (Cb | bd) J

|\ d) + (cd | aa) + (cd | bb) + (cd | cc)+ 2 (cd | P Py)

~ (Pyd | Py} ~ —5— (ca | ad) + (cb | ba) |

ng - \/E( \/3 {the above} + V8 (ca | ad) J

H;‘,}l=vﬂ{<cxh|d>+<cd1aa>+<cd1bb>+<cd|cc>+2<cd|PaPa>

~ (Pad | cPp)) - —5— (ca|ad) ~ —— (cb | bd) ]

Hg}z - N/g[(ca | ad) — (cb | bd)]

H‘gl = \/*2‘[ - —é~ (| h|d) + (cd | aag) + (cd | bb) + (cd | cc) + 2 (cd| PoP,)
— (P,d | cPy)} + (ca | ad) — -;—~ (cb | bad) }

Héz - \/7[ - \/TS {the above} + \/2£ (cb | bd)]

H*gi = VT [{Cc|h|d)+ (cd|aa) + (cd | bb) + (ed | cc) -+ 2 (ed | P, Py)

— Pyd| Py}~ —5— (cb | bd) ~ 5 (ca| ad)

HE =vE[- Y3 @ala) + V3 @) ba) | | Stnglet 12 |



3.

N 4=2 ’
A = abccdd
B = abefcd
A = abccdd
B = acefdb
A = abcedd
B = caefbd
A = abcedd
B = cdefab
A = abcedd
B = aedfbc
A = abcedd
B = eadfcb

Configuration Interaction Matrix Elements
Np =56 (a=1, kp=5)

Hi, = (elar) - @e|ef)

A A A

HBQ= H33= HB4=O

Hgs =- /B (ce|df) + /3 (de|cf)
HS =5 @ldf) + 5 (de|cf)
Héz - \/T (e | df) + Y3 (de | cf)
Hi, —- V7 @)

H‘§4 = kg_ (ce | df) — % (de | ef)
Hg() - \/T(ce|df) + \/3 (de | cf)

HBi=—;ﬂ(ce|df)+%(de\Cf)

a4 - x/g celdf) - V2 (el
Hf, =~ 7 @e|cf)

Hf =5 @lan) - 5 @elen)
H‘§5 = \_/g (ce | df) — \l; (de | cf)
HY, =~ Celdf) - @elef)

H‘g =— /3 (ce|df) + /3 (de]cf)

HB HB4 HB5~0

s
Hgl = ~2—4 (de | cf) — (ce|df)
HY =- Y2 @elef)

Hi, —— VT Celdf)

H =- 5 @elcf) + (el df)

HA = YE @e)ef)

Héi _ _1_ (de | cf) — (ce|df)
Hp, =Y el

Hg, =- V72 (e |df)

Hp == 2 e lef) + @eldr)

413
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A = abccdd
B = acdebf
A = abecdd
B = cadefb
A = abcedd
B = efabcd
A = abcedd
B = ecabdf
A = abccdd
B = ceabfd
A = abecdd
B = cdabef
A = abcedd
B = aefdbc

M. YAMAZAKI

Hp, =5 (eldr) - @elep)
Hf, =2 @lap

Hp, =V @eldf) = VT ([de]ef)
HE, = 5 (celdf) + @elef)

Hp =~ Y2 oldf

HY, =5 @@ 1df) - @ele)
Hp, =- Y2 celap

Hés =7 (ce|df) — /2 (de|cf)
Hgég.—_%(cﬂdf) + (de | ¢f)

oY, =5 @ela)

Hi, =- (eldf) - @e|cf)

Hp, - Hp, =0

HfB}S == T (ce| df) + /2 (de|cf)
H, = (eldf) ~ [de|ef)

HY, = 2(eldf) ~ (@e]ef)
Hp,= Hp =0

HY, =- VT @e|ef)

Hp, = @e|ef)

Hp, =2(e|df) - @e|of)

Hf, = Hp =0

Hj, =- V7 {elof)

Hy, = @ele)

H§1 =— (ce| df) — (de|cf)

Hp, - Hp, =0

HY, =- VT @eldf) + 2 e cf)
HY, = (el df) - (@e|ef)

H% =5 @elcf) - el dp) | | _Singlet 1x5 |



A = abccdd
B = eafdcb
A = abcedd
B = acedbf
A = abccdd
B = caedfb

. Ny=4,
A = abcd
B = eacd
A = abcd
B = ebcd

Configuration Interaction Matrix Elements

aa =3 @elon
HY =7 @e|ef) = VE (el df)
HY, =5 @elef) + (el df)
Hp, =- !2— (de | of)

HA =5 Welef) ~ (ce|df)
Ha =~V @elon

Hgs =2 (de|cf) — /2 (ce|df)

HA =+ @ecf) + (ce|df)

4

Hp, =3

HY, =- V2 elap

HYG, —- V7T de|ef)
A 3

g =Y3 @ian

HA =2 (eldf) - @e|ef)

A, =YE Celdn

HY =- V7 @ele)

HE, =~ 5 (celd) + @elef)

HY —- Y5 eldn)

NB—4 (kA=2, kB=2)

HAz— {(b\hle)+(belaa)+(be\cc)+(be|dd)+2(be\PaPa)
——(Pe[bPa)} (balae)—-I—(bc|ce)——12—(bd|de)

HB2=_L3(bclce)+\/3(bd1de)_ H

HAl—{the above}+(ba|ae)—-2—(bc|ce) ——é—(bd]de)

HAz—{(a]h\e)—l-(aelbb)+(ae]cc)+(ae|dd)+2(ae[PPa)
— (P,e laPa)} — (ab | be) + —5— (ac | ce) + —5— (ad | de)

H A1_\/3 (ac | ce) — iz‘(i(adlde)

HA1 - {the above} T (ab | be) — 5 (ac | ce) ~ 5 (ad | do) | Singlet 2%2

L s

415
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A = abcdee
B = becdaa
A = abcdee
B = aecdbb
A = abcdee
B = acefbb
A = abcdee
B = aebfcc
A = abcdee
B = acedbb
A = abcd
B = abce
A = abcdee
B = fecdaa

|

I

I

II

I

I

I

It

It

= {e1h1 + ca)aa) + (ea) B8) + (ea | @) + (ea | dd) + (ea | &0
+2(ea| PyPy) — (P, a|ePa)} S AILE 3 (ed | da)
- Hg; = \/3 (ec | ca) — \/3 (ed | da)
- {the above} +2(cb | ba) + 5 (e | ca) + —5— (ed | da)
- {(e1h|b)+(eb\aa)+(eb|bb)+(ebicc)+(eb[dd)+(eblee)
+2(eb | PPy — (Pob| ePa)} o (ec | cb) + —o— (ed | db)
- HS \/S(ec|cb)+ V'3 (ed | db)
- {the above} 2 (ea| ab) + —— (ec | cb) + —— (ed | db)
T (df | eb)
V3 @af |eb) - VT (e | )
V2 (aF | eb)
3 (df | &b) ~ (ef | db)
T df | ec)
VT,
5 (df | ec)
2 (df]ec)—\/3 (ef | do)
5 @f [ e0) - (ef | do)
- T{(e]/z|b)+(eb[aa)+(eblbb)+(eb|cc)+(eb[dd)+(eb|ee)
+2(eb| P, P — (P, b]ePa)} + % (ec | cb)
\/T— {the above} \/ 3 (e | cb) — /T (ed | db)
7?_ {the above} — VT (ea| ab) - \_/E (ec | cb)
- {the above} — (ea|aby + 5 (ec| cb) — (ed | db)
{<d|n|e>+ (de | ag) + (de | bb) + (de | cc) + 2 (de | P, P,)
- (P, eldPa)} 5 (da|ag) ~ 4 (db | be) + (de | co)
Héi = \/3 (da | ae) + V.3 (db | be)
{the above} + 5 (da | ae) + —— (db | be) — (de | co)
— (bf | ea) + 2 (ef | ba)
A
HB? =
®f | ea) " Singlet 2x2

M. YAMAZAKI



A = abcdee
B = fecdbb
A = abcdee
B = efcdaa
A = abcdee
B = acfedd
A = abcdee
B = bdfecc
A = abedee
B = acfebb
A = abcdee
A = abcdee
B = abcdff
A = abcdee
B = afbecc

Configuration Interaction Matrix Elements

HBl———(afleb)+2(ef|“b)
A

=HBi=

HAz =~ (af | &b)

HA1 =— (bf | ea) + 2 (ef | ba)

A A

Hp,= Hp:=

Hp% =- Of e

A1 1

Hgl =5 @f | ed) - (¢f | 0d)

HA1 - .\/3 (bf | ed)

HAz - \_/_i (f | ed) — /B (ef | bd)

HAz =- ;awft ed)
HAI = —— (af | e¢) — (ef | ac)
HB; V.= (dfl%)

HAz _ zzi (af | &) — /3 (ef | ac)
H2=- 5 @f e
HA1 — 2 (df | eb) — (ef | db)
HA1 _ \/—f“f df | eb)
HAz _\/3 (df | eb) — /3 (ef | db)
HAz = —— (df | &b)
Ht =5 @ ) - (of | ca)

Aq _

i —\/T?@fse@

Hgi = \_/25 (cf | ea) = /3 (ef | ca)

-t aie
HA1 - A2 = (ef | ef)

— (df | ec) — (ef | de)
4= \ng—“ (df | &) — /3 (ef | do)

417

I Singlet 2x2 l
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5.

A = abcdee
B = faebcc
A = abcdee
B = eafbcc

N A= 4 3
A= dbcdee
B = eacdfb
A = abcdee
B = abefcd

M. Yamazaxgt

Hpl = —5 @f &) - (of | o)
H31=\-/—3<dflec> ~ V3 (e | do)

By ™
Hﬁg - @ |
Hpl = @rle) - @ | doy

HGt = ﬁzﬁ- @f |6y — VB (of | do

:
H2 =3 (f )
Hf2 =- 5 @l
Np=6 (Fa=12, kp=5)
Hfl=vT[- 4 {(elhlf)+(ef!aa)+(eflbb)+(eflw)+(ef|dd)
(e |e0) +2(ef | PPy) = (Puf | 6PY)) + (el af) + —— (e | of)
—ﬁ(eb!bf)JrT(edldf)]

HEt=YE @ o) - | an

H‘f;; - Tg‘[ \—/% (the above} -+ \% (ev | bf) + \/% (““df)]

Hé}i -7 {%»{the above) — i (ec|cf) - i (eb | bf) + % (ed | df)]
HE =T [-VE @len) + V2 @] an)] = HA?

HAz ) [%ﬁ {the above} — %(@c lof) + 5 (@b 1) = 2 (ed | df)]

HS \/3 (the above} — (eb | bf) — (ed ldf)]
HA2 -z [V?{the above) ~ V& (ec|ef) ~ YV @] o) ~ﬂ<ed 45))
H2 =T [~ —4 {the avove) + (ea | af) — —4~ (e | &f) + —5— (&b | bf)
- (@ ldn)]
HE =V [{C1h15)+ (f |aa) + (o | 06) + (of | &) + (e | dd) + (ef | ee)
+2(6f | PuPy) = (Pof | 6P}~ —5— (ea | af) — —5— (eb | bf)
~ (el ef) — 5 Ged | df)

o= 2~ @lan+ @160 Singlet 25



A = abcdee
B = facdeb
A = abcdee
‘B = aecdbf

Configuration Interaction Matrix Elements 419

A A A
5" HBZ= = H]

HE =5 [@c lef) = (ed | df)]

H 2 = = (the avove) — (e | of) ~ (ed | d) )

Héi -z [_ \/f (the above) + \/T(ea]af) + VB (e | bf) - \/3 (ec | ¢f)
~VE (e |ap)|

HE?2 = 55 [@alar) - (eblbf)J

HEE =V [~ (@115 + @ 16 + @ | 8) + (o | ) + (of | dd)
(e 100+ 2(6f | PoPo) ~ (Puf | 6P} — —5- (ea | af) + (&b 6F)
I Celer) + —f @] dn)]

Hpl=- Hpt=- Hp2=YE [ olof) + @ ap) |

Hgl = {the above} + (ea | af) + (ec | ¢f)

HBi\/z[ {the above} ——1v (ea\af)+—1~ (ec | ef) — —4—(ed|df)]

A2 = [ ,— {the above} — —5— (ea | af) — (eb | bf) + —— 1 (ec | ¢f)
g Ced | df)]
HA2 = i {{th eabove} — (ea | af) — (ec | cf)J
HE2=vE V2 3 (the above} — \/33 (ea | af) — l/ﬁi’i(ec lef) —\/T§<ed 14
H2 =V [~ —5(the avove) ——5—(ea | af) + —g—(ec | of ) + —4— (ed | df) |

H‘;}i:\/?[—%{(elh]f)+(ef|aa)+(eflbb)+(eflw)+(@fldd)
 (ef | 00) + 2 (ef | P,Py) — (Puf | P} + (ea| af) ~ —5— (eb] bf)
+ (e lof) + = (ed | d)]

Hpt=- Hpt= Hp2 =Y [~ Colon) + @dp)]

1

HAi - {the above} + (eb | bf) + (ed | df)

HAl ) [% (the above) — —2— (b | bf) = —o—(ec | cf) + —5— (ed | df)}

A2 =72 [ —+— {the above} — %(eb | bf) + 3 — (ec | cf)+w (ed | df)]

HAz -k [{the above) — (eb | o) ~ (ed | df) | “Singlet 25|
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HE2 = 2 [V tthe avove) -V E @ 05) - LT @lor) - Y2 @ 1ap))
HB =2 [ {the above} — (ez | af) ——» (eb | bf) + —5— (ec | cf)
+ 4 @l dp)]

G HEt=VE[(C1h1F) + @@+ o 150) + @ | @) + of | dd) + (of | e0)

+2(ef I1PaPs) — (Paf | €P,)) — —5— (ea | af) — —5— (eb | bf)
- (@ lef) ~ 5 (| df)

A1_

gt =3 [Calan) - @ion]

A1_ Ai_ _ A
Hel= HE =0 = g4

A1~ Ji[elen - @ian)

[
HE: = g5 (- @lep) + @alan |
Hg =5 [{the above} — (ea | af) — (eb | bfjJ
H2 =V = Y2 (the avove) ~ Y3 (aa] o) ~ V.2 (@ [ b) + ¥ E @ | o)
+ V3 (| a)] |
HY? = 5[~ @lan + @]

B = o 5 (@1 A1 1) + (of | aa) + (ef | Bb) + (of | cc) + (ef | d)

A = abcdee A1 -z [
+(of lee) +2(ef | PuPy) — (Puf | ePy)) - *;* (ea | af) + (eb | 6f)
@@l + ] dn)

H§;= HA2—\/6[(ec[cf)—(edldf):|

Hft=- {the above} + (ealaf) = (ec | of)

HE: =T[5 (the above) ~ —— | a) + —— (@ | of) ~ 4~ (ed | 4
o4 =-ve [— — Ithe avovej + —s— (ea | af) -+ (b | bf) — —1— (e | cf)
- 1 dp)]
Hp2 = g [ the avove) — ] @) - (e en)]
B2 =T [ the avove) - V.S (ea | af) - Q (e | of) ~ V5 (e |ap) |

{the above} +—5—(ea|af) — —— (ec|cf) — i (ed | df)]

1
2
8. Ny=686, Np=86 (ky =5, kg =5h) (Omitted) l Singlet 2 x5 I
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II. Formulae of configuration interaction matrix elements for Doublet state wave function

1.

1
S =5
NA=17
A = abb
B = daa
A = abb
B = bdd
A = abb
B = baa
A = abb
B = add
A = abb
B = dbb
NA=]’
A = abb
B = abd
A = abb
B = bde
A = abb
B = adb
A = abb
B = ade
A = abb
B = deb
A = abb
B = dae
A = abb
B = dbe
A = abbcc
B = dbcaa

Np=1 (ky=1, kzp=1)

Hf =- @d| b

HY = (@d|bd)

Hp == {@1h10) + (talad + Ga| ) +2Ga] PP = (Pya| bP))

HS = @d|bd)

HY% =(@|h|d)+2(d|P,P) - (P,d|aP,)

Np=3 (ka=1, kp=12)
Hp = VE[161h1d)+ (bd | aa) + bd | 0b) + 2 (ba| P, P,) - (Pod|0Py))
5 (b ad)

HE, =~ /2 ¢a)aay

Hp, == gy [@to + @da0]

Hi, = /3 [@be - ¢dla

Hg, =v? (@1 h1d)+ @d | aa) + Gd | b) +2bd | PaPy) - (Pad| bPy)
-5 (a| ad)]

ng - A/g (ba | ad)

Hi, = V2 ®d b

Hp, =0

H‘gl = VZ [(@d] be) - 5 (bd | a0)]

HE, = 3 a0

HE =- 5 (b

HE, = 3 @10

H‘gl = V2 [(ad | be) - 5 (d | a))

HE == /3 @i a

Hé}z = /3 [~ (ed | ba) + (v | ca) | Doublet 11, 1x2

]
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A = abbcc
B = bdcaa
A = abb
B = dab
A = abb
B = dba
A = abb
B = bad
A = abbcc
B = bcdaa
A = abbcc
B = abcdd
A = abbcc
B = bcadd
A = abb-
B = dea
A = abb
B = bde
A = abb
B = bda

M. YAMAZAKI

Hgl - \/Lz (@d ) - 2(cd | b))

HE, = /3 0l

H =5 [~ (G 1h1d) + td | ag) + 4d | 05) + 2 (6| P P,) — (Pud | P,))
+2 (ba | ad)]

ng = A/:g,[{the above}]

Hgi = \713[_ (B | h|d) + (bd | ag) + (bd | bb) + 2 (bd | P,P,) — (P, d | bP,)}
+2(ba|ad)]

ng = A/g ’i— {the above})

HfBll - \71?[_ (B || d) + (bd | ag) + (bd | bb) + 2 (bd | P, P,) — (Ped|bP,)}
+ (be | cd) |

ng = A/g [{the above} — (ba | ad)J

a4 1
Hi, = 7501 - 2| ba)]

HE, = A/g (0d | ca)
H§11 =— /2 (bd| cd)
HY, =0

A 1
Hp, =7 Gd|cd)

o4, = /3 el

A 1
HY, =— o (d o)
HE, = /3 ¢l

HE -~ \71? [(ad | &) + (bd | a@}

ng - A/g [ad | be) ~ b | ae)]

. Hgi - \%[_ (O h|d)+ (bd | ag) + (bd | bb) + 2 (bd | P,P,) — (P,d|bP,))}

— (ba | ad)J

o4, - A/g[— {the above} + (ba | ad):' | Doublet 1 x2 |



A = abbcc
B = bacdd
A = abbcc
B = dcabb
Ny = 1 3
A = abbcc
= deabc
A = abbcc
B = abcde
A = abbcc
B = dabec
A = abbce
B = badec
A = abbcc
B = dabce

Configuration Interaction Matrix Elements 423
HA =L i)
By V2 )
4 _
Hp, == 3 @d|cd)
A _ 1 r_
Hig = g~ (1 h1d)+ (cd|ag) +2(cd | bb) + (cd | cc) +2 (od | Py Py)

— (P,d | ¢Pp) + 2 (ca | ad) + (cb | bd)]

H§2 - A/g [_ (the above} + (cb | bd)J

Ny=5 (ka=1,  kp=5)
Hg1 = T bd | cé) r-~A (cd | be)
ng - L; [@d | ce) + (ed | be) |
Hgs - \12 [(bd | ce) — (cd | be)]
s - 5[ co) ~ et 1 b0) |
Hés - VT [(bd | cé) — (cd | be)J

H§1 =— (bd | ce) — (cd | be)

A A A _
HB=HB4=HB5—-O

2

Hg, =VE (@ | co) - (ed | o)
HY, =~ (bd | ce) + —5 (cd | be)
HB =3 (bd|ce)—~ V'3 (d | be)

HE —_-!i(cduze)

3

H§4: = T ((,‘d I b@)

Hi, =0
HE, =- @d]co) + —5- (d | bo)
HY, =V 0d ) - L3 @ | g)

HE, =~ Y5 o)

3

H‘§4 - ;ZL(cd]be)
Hy, =0
Z:IB =— (bd | ce) + —5— (cd | be)

HE =3 (d]ce) - Al 3 (cd | be) | Doublet 15 |
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A = abbcc
B = dbaec
A = abbcc
B = daebc
A = abbcc
B = dbace
A = abbcc
B = abdec
A = abbcc
B = adbce
A = abbcc
B = bcade

M. YaMAZAKL

HB3=—*2;3—(Cdlbe)

H‘§4=— 3 (cd | be)
A

HB5=

Hgl —— @d|ce) + 5 (cd | bo)

ng =— /3 (bd|ce) + @ (cd | be)

o4 =_\/T§(cd|be)

3

Hp, =-

L= 5 (b

H§5 =~ /2 (cd | be)
H‘g — 5 [@d]ce) + (@] be)]

HBZ - 1/2_3 [@d | ce) + (ed | be)}

HB3 \/,2 [ (bd\ce)+(cd}be)]
e, =5 [~ @l + @)oo
H35=0

HBi~—(bd|ce)+ (cd | be)

H32=—\/3 (bdlce)—{—\%?i (cd | be)
oA, =Y3 @l

HY, =5 @b

H%, =V (d|bo)
Hg1=2(bd|ce) — (cd | )
HE,= Hp, = Hf, =0
H§3=\/§ (cd | be)
Hg}i:z(bd]ce) ~ (cd | be)
Hp,~ H%, = Hp =0
Hg, =/ (| bo)

gh =5 (@1 + @00

HB = \li [(bd | ce) ;l— (cd | be)}

Hé?; - lzi [(@d o) ~ (cd | 50|

Doublet 1 x5



A = abbcc
B = badce
A = abbcc
B = adebc
A = abbcc
B = dbcea
A = abbcc
B = bcdea
A = abbcc
B = cbeda
A = abbcc
B = debca
A = abbce
B = edcba

Configuration Interaction Matrix Elements

Hi, =5 (@) co) - (ed| o) |
Hip, =2 [0d]c) - (cd | o))
H‘gl =— (bd | ce) + ,é__ (¢d | be)

H};lz = /3 (bd | ce) — l/g (cd | be)

74 - @ (cd | be)

HY, = 5 @b

Hi, =0

Hgi =~ (bd | cé) — (cd | be)

ng = Hfs}‘l: Hgs =0

Hgs =+/3 (bd|ce) — /3 (cd | be)
HfBli - % [(bd | c&) + (cd | be)]_
ngz - @ [(bd | ce) — (cd | be)] = H§3
Y, - 3 (v | co) + — (ed | be)
HE =T )

HE, =g @31 - @|b0)
oA = HE = -YE 010
H‘Z%B T [@d | o) ~ (ed | be)]
- 1o e
H};‘zﬁ Hés __ @ (ce | bd)
- i+ Lol
H§5 -7 [_ (be | cd) + (ce | bd)}
Hgl =~ (cd | be) + —} (&d | co)
Hi, = Hy, ==Y 0]
H, = @ b0) + 5 bd| 0
H’é,) ) [_ (cd | be) + (bd | ce)]

HY, =5 (el bd) - (e cd)

425
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A = abbcc
B = bdeca
A = abbcc
B = bdaec
A = abbcc
B = bacde
A = abbcc
B = bdace
N A= 3 )

A = abedd
B = bedcc

M. YAMAZAKI

ng _ H;‘Bl3 __ 1/23 (ce | bd)
H‘§4 = ;} (ce | bd) + (be | cd)

H35 =z [(ce | bd) — (be | cd)}

HE, =5 [@d1c) + @) ]

HE = HA =VE [(bd | e) — (ed | b6)]
H‘§4 =S d)ee) - (ed | bo)
Hig = /Z (d|be)

HA ~- <bd|ce>+i<cdlbe>

HB2 == VT (b | ce) + V.3 (ed | be)
H‘és - \/T§ (cd | be)

H§4 = 3 (cd | be)
H’§5 =/2 (cd | be)

Hg1 - —é— [(bd]ce) + (cd|be)J
HE =- V3 [@d)ee) + (| be) |
H33 \/3[ (bd|ce)+(cd|be):i

H‘§4 - T [_ (bd | ce) + (cd | be)]

Hfp =0

HA =~ ®d|c))+ 5 (ed | b))
H‘fglz =— /3 (bd | cé) + l/-; (cd | be)
Héa - l/zz(czube)

HE —— -1 be)

HE == VT o

Np=3 (Ba=2,  kp=12)
Hﬁi = 3 (ae| de) — (de | ac)
At =- M/:3: (ae | dc)

HAz —- \/3 (ae | de) + /3 (de | ac)

HB; = T (ae | dc)

I Doublet 2 x 2 I



A = abc
B = aef
A = abedd
B = dceaa
A = abcdd
B = aedcc
A = abcdd
B = debcc
A = abc
B = aec
A = abc
B = aeb
A = abcdd
B = dbcaa
A = abcdd
B = edcaa
A = abcdd
B = decaa

Configuration Interaction Matrix Elements ) 427

HA1 = (be | cf) + (ce | bf)
Hgl= Hy® -

Hp2 = @elef) - (ce | bf)

Hﬁi =— (be | da) + -é* (de | ba)
Hg == B2 = V7 e
ng = (be | da) — —; (de | ba)
Héi =~ (be | dc) + 2 (de | bc)
Hyl= Hp=

ng =~ (be| dc)

Hj_f;l} - _;_ [(@e | de) + (ac | do |

Hp?

H

I

- HA‘QE = \,/E [-— (ae | dc) + (ac | de)]

ll

—5— (ae | dc) — —5— (ac | de)

{(b [ 7]e)+ (be|aa) + (be|cc) +2 (e | PyPy) ~ (Pae|bpa)}

I

1

5 (ba | ae) + (bc | ce)

= HA2 = \/f (ba | ae)

It

{the above} + —é— (ba | ae) — (be | ce)
= {(c | h]e)+ (ce|aaq) + (ce|bb) + 2 (ce|P,P,) — (PaglcPa)}
—5— (ca | ae) + (cb | be)
- Hf2 =Y @l
- {the above} - T (ca | ae) + (cb | be)
- {(d[lz[a)+(da\aa)+(da|bb)+(da|cc)+ (da | dd)
+2da| PPy — (Paa|dPp) + (b | ba) + 5 (de | ca)
= H‘éi = \/3 [(db | ba) — (dc | ca)]
== {the above} + ~2¥ (db | 'ba) + —-2— (dc | ca)
- [ e | ba) + (de | da) )
= g =\/3 [(de|ba) ~ (be | da) |

—*(de|ba)— 2 (be | da)

B; =— (be | da) + T (de | ba) I Doublet 2 x2 I
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HA - H 4 - \/3<de|ba>

ng =~ (be | da) + —,— (de | ba)

= abcdd
5  Gevaa H‘§1=‘(C‘*'d“>+—z“<de'“‘>

HBQ,=— H§i=l/2g(de|ca)

H‘gj = (ce | da) — % (de | ca)

A = abcddee HA1
B = adebbcc By

I

(db | ec) + (dc | eb)

HA = HA? =
Ag _ db dc | eb
Hg? = (db]ec) — (dc | eb)
= abcdd
Bladw Hp)=- Celd)r2el )
A1__ Az_
HBg_HBi—

ng =~ (ce | db)

= abcdd
hrum -t eiw-ww
Ar__ V8
HBg_ 5 (ce | da)
Hp2 =~ Y3 el da) + VT (e ca)
A2___ _1_ d
Hp: =~ —g (celda)
_ 1
gzgzce‘i‘; H‘gi‘_—“ (ce | da) + —5— (de | ca)
Ai_ A2_ ﬂ
HBz_ Hg 5 (de | ca)
Hé}z=_ (celda)—t——g* (de | ca)
A = abedd A ;4
B -bwas  Hp,= g @eld)=— Hp

Hp, = HE} ==Yy (el do

A = abcddee HA1

I

(da | eb) — —%— (ea | db)

Hf;l; - HA2 - \/f (ea | db)

Hé; = (da | eb) + % (ea | db)
R
Hl= H3 =
LN HE—- @i e

HB; —— \% (ae | db) ! Doublet 2 %2




A = abcdd
B = bcdee
A = abcdd
B = bedcc
A = abcddee
B = cdeaabb
A = abcddee
B = dbeaacc
A = abcddee
B = deabbcc
A = abcddee
B = dceaabb
A = abcdd
B = daebb

Configuration Intevaction Matrix Elements

HAzM_\/g(delab)nu 3 (e | ab)
HAz = (ae | db)

HA1__ H —5— (ae | de)

HB1 =— HAZ —\/3 (ae | de)
"4 = 3 (e | de) — (de | ac)
HA1 = — \/3 (ae]dc)

HAz ~ V3 (g de) + /T (de | ac)
HA2__.

(ae | dc)

A = L[+ @)oo

| N|H M}H w

Hf;; - L/z_[(da | eb) — (db | ea)]
HAz - \iz_i[(daleb) + (dbleﬂ)}
ng =_1 [~ (da | eb) + (db | ea)]

2

HA1 = (da | &) — —L(dCIea)

H 31 \/3 (dc | ea)
HAz = (da | e) + Vf (dc | ea)
HAi— _%—k( db | ec) ——1—(d0|eb)
HAL = Y3 (@) + @] )

HAz - \/3 [(db | ec) — (dc | eb)]

He

=— —— (db | ec) + —5— (dc | eb)
HA1 = (da | eb) — —5— (db | ea)
HA1_ HAzz__\/s (db | ea)

A

H% .—_—(da]eb)—T(dbie“)
HAl = ——(celdb) — (de | cb)
HB _—.W_(ce]db)—l—\/?) (de | cb)

2

HAz - \/T (ce | db)

429
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A = abedd
B = deabb
A = abedd
B = aecbb
A = abedd
B = eadbb
A = abedd
B = dbcaa
A = abcdd
B = daecc
A = abcddee
B = bdeccaa
A = abcddee
B = edcbbaa
A = abc

B = bae

M. YAMAZAKI

Héi =L (ce|db)y - (de | cb)

HAl—\/?’ (ce | db) — /T (de | cb)
Hp2 =~ Y3 (| av)
HB;=i<ce|db>

Higl = Hp2 =~ @e| )

HAl_ HAZ —
HAi = 5 (ce | db) — (de | cb)
HAL = V3 @) + T @) ab)

HA2~\/3 (ce | db)
HA 2=~—(ce|db)

HA1—[— {(d| h|a)+ (da| aa) + (da| bb) + (da|cc) + (da | dd)
+2(da|P,P,) — (Pya|dP,)} + “é— (db | ba) + % (dc|ca)]
Al: Hgi:%g_[(dﬂba) —(dc|ca)]

Hp?

_ {the above} + -?3— (@ | ba) + —g— (dc | ca)
Hgt = —5 (be | de) — (e | be)
Ht =~ V3 (e 1d0) + T (e b
0 = \_/E (be | dc)
H%E2 = —5 (e do)
HE =~ 5 (@] e + () da) |
H;;l;:ﬁ[ e | ea) + (ec | da) |
52 = %[(dc | ea) + (ec | da) |
HE =5 [~ @l + o an)
HB;= @b | ea) ~ 5 (eb | da)
i= HE? =Y (@)
HA2~ (b | ea) + 3 (¢b | da)
HA =~ - {C1h10) + @olaa) + (ce | 06) +2 (e | P, Py) ~ (Pae | P}

- % (ca | ae) — % (cb | be) Doublet 2x2 |



A = abcdd
B = adcbb
A = abedd
B = acdbb
A = abcdd
B = ecdbb
A = abcdd
B = edbcc
A = abcdd
B = edbaa
A = abcdd
B = adbcc
A = abcdd
B = aedbb

Configuration Interaction Matrix Elements 431
Aq 3 { } V' 3 e
= M. !th - + X2
H Ba 3 e above (ca | ae) 5 (cb | be)

gr=vs {the above} + \/73 (ca | ae) — \/_f (cb | be)

H*gz -2 {the above} - —é— (ca | ae) — —— (cb | be)

Hgi =- {(d | | b) + (db | ag) + (db | bb) + (db | cc) + (db | dd) + 2(db | P,Py)
— (P, | dPa)} + 3 (da | ab) + 2 (dc | cb)

Higt= HE? = V2 @a)a)

H‘gz _ {the above} + —o— (da | ab)

Hgi - {(d | 4| b) + (db | a@) + (db | bb) + (db | cc) + (db | dd) + 2 (db|P,P,).
— (P,b| dPa)} + 5 (da | ab) + 2 (dc | cb)

Hfl=- a2 =- Y3 @a|an)

HA2 - {the above} - “2; (da | ab)

Hgll =~ (ae| db) + 5~ (de | ab)

HA =- g5 = VS (de | ab)
HAz = (ae | db) — —»2_ (de | ab)
HA1 =— (ae | dc) + ~L (de | ac)
HA1 _ HAz - \/3 (de | ac)
HA2 = (ae | dc) — -2-— (de | ac)
HA1 -l [(de | ca) + (ce | da) |
HA - HY ﬂ[(delw) - ee| o))
HAz =— —5 (de | ca) + —5— (ce | da)
Hgt == {@in10)+ @e|ad) + e | v0) + (de | cc) + (de|dd) +2 (de| PoPy)
—~ (P, dPa)} + *é* (da | ac) + 2 (db | bc)
Hﬁg o Héi V.3 (da | ac)
H2 = [the above} - 5 (@aa)
HA1 =2 (de | cb) — (ce | db)
Higt= Hp

H B; = (ce | db) Doublet 2x2
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A = abedd
B = acdee
A = abcdd
B = adbee
A = abedd
B = abcee
A = abedd
B = adcee
A = abcddee
B = daebbcc
A = abcddee
B = bdeaacc
A = abcdd
B = bedaa
A = abcdd
B =ecdaa
A = abcdd
B = ebdaa

M. YAMAZAKI

HEl=- H=- @eldo
A1__ Héi:

HA1=_ HB =— (ce | de)

Ai_. As _
Hp HB =0

HA1 - A2 = (de | de)
HAl — gZ =
— s _
H{= HE2=- @eldo
HAI — A2 =0
HS e - [(db | ec) + (eb | dc)]

V8 (@b | ey + (eb | dc) |

[(db ec) — (eb | dc)]

2
HE? - —lz—[cdbleo - (e | o))
Hj‘,}; - (@) + oy a))
H‘l‘,}i = *_ [(da | ec) — (ea | dc)]

HA2 = \/3 [(da]ec) + (ea[dc)}
HB; = T [(da | ec) — (ea | dc)J
H‘g: =% (ce | da) — (de | ca)

H‘gi = ﬁ (ce | da)

H31 \/3 (ce | da) + /'3 (de | ca)
H§§ —_—T(ce]da)
H‘gi = 5[ da) + (de | ba)]

H‘é; = ﬁ [(be | da) — (de | ba)]

HBI_\/J[ (be | da) + (de | ba) |
Hy? = 5 (el do) -3 (e b0
HE = ——[(ce[da) + (de | ca) |
HA1~ HBi——[(cema)_(de]ca)]

HAz ==~ (ce| da) + —5— (de | ca) Doublet 2x2



Configuration Interaction Matvix Elements 433

A = abedd HA1 = -1 (be| day - (de | ba)
HB; =v3 3 (be | day
HA2 - L/E (be | da)y — /5 (de | ba)
HYg2 = 5 (be| da)

A = abedd

A = dbedd HAi - %{(d]h[a) + (da | ag) + (da | bb) + (da | cc) + (da | dd)
+2(da| P,P,) — (Pya| dPa)} + 5 (db | ba) — (dc | )

H’é; = V3 {the above} —+ \/'3 (db | ba)

HA? = @ [the avove} -+ \/73 (b | ba) + /3 (de | ca)

Hé; - %% {the above} + —gA (@b | ba)
A4 = abodd HA1 = —5 (be | de) — (de | be)
HA1 - 1/3 (be | dc) + /3 (de | bc)
Hgi - \/2_3 (be | de)
HAz - _;_ (be | dc)
A = abcdd

B = edcbb Hp A1 =— (ae | db) + —5— (de | ab)

A A
HE = HB§=1/§—<de1ab>

HA2 =— (ae | db) + —5— (de | ab)
e e ae o
- HA? - \_/g(de\db)
Az phe i elw
HBZ HAZ —
A = abcdd

B e Hpl-- {(dlh16)+(dClaa)+(dC\bb)+(dCva)+(dCldd)+2(dClP.zPa)

— (Pyc| dPa)} + % (da | ac) + 2 (db | bc)
H = HE? =- Y3 (@l

H32 = — {the above} + —2— (da | ac)

— abedd
4 = dbedd HA1 = —> (ce | db) — (de | cb)

H‘ég - \/73 (ce | db) — /3 (de | cb) Doublet 2x2
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A = abcdd
B = abecc
A = abcdd
B = eabcc
A = abedd
B = abdee
A = abc

B = eac

A = abedd
B = dbecc
A = abcdd
B = adecc
A = abcdd
B = bdecc
A = abcdd
B = bdcee
A = abcdd
B = ebdcc

M. YAMAZAKI

i

!2_? (ce | db)
—— 5 (ce| db)

- Hg}g =~ (de | de)

- H§i=0

- Hg§=—é— (de | dc)
—- H42 =~ Y5 el a0y
~ Hp2 == (| do)

- H§i=0

o L {01 h1 6+ Gelad) + ol ) + 2t | P, P~ (Pae | 0P

+ (ba | ae) — —%~ (be | ce)
== g {the above} + %g (be | ce)

_ V3 {the above} - %_i« (be | ce)

= DN

=5 {the above} + (ba | ae) — —é* (be | ce)

= _;* [(ae | de) + (de | ac)]

I

15, = 10 - @1 )
1

It

-k (@ de) + o (de | a0)

= — (be | dc) + 2 (de | bc)

It

As _
Hp: =

I

(be | dc)

I

3 (ae | do) ~ (de | o)
El

I

5 (ae | dc)

I \_/;‘(aeldc) + /8 (de | ac)

I
l\:‘ =
o)
8
U
)
p—e

o Ay _ 1
= HBz_ 5 (ae | de)

= H‘gi =— 1/2_3(ae|de)

Le (o de) + 5 (de | ac)

Doublet 2x2




Configuration Interaction Matrix Elements 435

Hé; - Héi = \ZZE (de | ac)

Héz =~ (ae|dc) + —}(delm)
B e HEt={Cl1h1o) + (el am) + (e | 00) +2(ce | P, Py) = (Poe|cPy) }
~ 5 (ca | ae) + (cb | bo)
HE - HE - \/3 (ca | ac)
HA2 = {the above} + v'z-'- (ca | ae) — (cb | be)
ygupe Hyt = {<a|h|e> + <ae|bb> - (ae | o) + 2 (| Py Py) ~ (Pue|aPy) |
—5— (ab | be) — —5— (ac | ce)
HA1 _ HB? - MZE’_ [(ab | be) — (ac | ce)]
HAZ = {the above} + ;- (ab | be) + ‘é—' (ac | ce)
A = abedd HA - ;‘[(de | ba) + (be\da)]
gt =YE [~ e ba) + bo | da))
H \/ 3 I:(de | ba) — (be | ba)]
HAz = f(delba) + —5— (be | da)
5. N,=3, Nz =5 (ky=12, kp=5)
A mfevelh@ie - @)
it =YE (of | da) =~ 5?2
HEt= J3[-@lea)+ L (rldo]
HE = 22 (of | da)
Hﬁ; =
H __Télcdﬂea)ﬂu*(eflda)]
2 =~ Y2 (of | da
HAz - \_/é [(af | ea) + 3 (ef | dap]
Hy = (@ 1e) - @ | da)]
hrdin - Jrlwie- i)

HBZ \/6 (ef l da) A2 Doublet 2xb
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A = abcddee
B = ebfcdaa
A = abcddee
B = efbdcaa
A = abcddee
B = fdebcaa

M. YAMAZAKI

e =~ JE @@ - L 1 an)]
HA =Y f |da) = H§?

HGL = (of | da)
HA2 = (@i + L o 1da))
5= [ @ - - @)
HA2 = o5 @ 1oy
4t =gy (@i - L ridn)
32 =YE (of | da) = H 5?2
apt=- 3w - L <ef|da>]
HA =~ V2 (of |da) =~ HY
Hgl=- (o | da)

HE =gy @ 1 - 5@ 1do)]

HAz - A/2 [(df | ea) — ~—é~ (ef | da)]

HE2 =~ =@ 1do)

HE =5 [df e - L (o 1da)]
HE ==Y of |da) =~ HE?

Hit=- J3 [df 1) - L (@ 4]

Hyl—- 3\/ (ef | da)

HE

1o
Hf2 = 5 (@ led) - 2 (e o)
Hp2 = Y2 (of | da)

H;‘;Z - \71—3 (@ e - 3 of | da))

H2 = e @ | ey

H‘él -

1

5@ 1ea) + @a o)

| Doublet 2 x5 I



A = abcddee
B = fdbceaa

A = abcddee
B = fbdecaa

Configuration Interaction Matrix Elements : 437

A= 2 [(df | ea) ~ (da | ef)]

HEl= Hpl= Byl = HE2 = HE =0
HB?:, = ﬁ[(df]ga) - (da| ef)]
H;}i = A/g [— (df | ea) —l—‘ém (da | ef)]

A 2
Hpg = g (@ale)

Hit

. \/2 [(ef|da) + (df|ea)]
HA1 - \/6 [(ef]da) - (dflea)] == Hgi

HA = Y8 (@ | da) + (af | eo))

| HA1 _ 3V2 [_ (ef | da) + (df | ef‘)]

4

Hit =0

HAz - ﬂ [(ef| da) — 3 (df | w)]
Hg}z \_/4_ [(ef | da) — (df | ea)]

HA2 =VE [~ L 1do) + @f | )
2

HAz = 75 @ | do)

HA1 - \L; [(df | e@) + (ef | da)]

Hg

- \/T_ (@f lea) = (of 1 da) ] = Hgi
HA1 - ﬁ [(dfl ea) + (ef | da)]

H4t = V2 (@) - (¢f | da))

HAi = (df | e@) ~ (¢f | da)

e - \/7_ [~ 3f | e) + (e | da)]

ng =;/ZL_[ (df | ea) + (eflda)]
Hgi - \42 [(df | ea) + 5 (ef | dﬂ)]
Bz = 2o [orie - o 1) [Dowbiezs |



4% , M. YaMAzAKI

b ks o) -
HA1_ - H‘gi_—-_

H \/2[ (df]ea)+(ef|da)]=j Héi
Al = (df | ea) — (ef | da)

HAz - A/% [(df | ea) — (ef | d“)]

HAz - N/% [(df | ea) — (ef | da)}

A = abcddee HA1 =— VT2 {df|ef) = A2

B = abcdeff )
HAla Al_ HAi_ HAl_ H HA2_ HAz_ HA2_
A = abcdd A 1 A
B —adbeeff Hpi=J5 @leH=- HE?
HAi_ HA1M A1M HAz_ HAz_O
Ay _ /3
HB;_ \i(dflef)
A 1
Hp2 == ¢ @rief)
HBS——(/“?:(dflef)
Ao deldee  pot- - @fle) = Hp
gt = /3@ =- HY
HAi_ HAl,_ HAl_ AZ__ HAZ__ A2=0
A = abcdd A 2 A
B = baodesy H B} ‘\‘/Lr(dflef)=“ HE,
HAt=- HE1=YE Wile) = Ha2=- HE®

Hﬁ:_i\? @f lef) =~ H?

HA1__ HAZ_.
Acdeddee gl V2 f|ef) = HB2= Ha

H41 - VS @afion) =- HE?

H
H’fsli= 3)4/7 @5 | ef) | Doublet 2 x5 I




A = abcdd ee
B = adebcff

A = abcddee
B = deabfcc
A = abcddee
B = edbafcc
A = abcddee
B = dabefcc

Configuration Interaction Matrix Elements

g2 =S @rlen

H‘éi =~ e @l e

H{l=- V2 @l

HA1_ HA1_ HAlw H HAZ— H
Hpz = /2 @f e
Hp2 =~ = @f o)

Hgl=- \/2[(df|ec)+(ef|dc)]
Hg1=—\—/—6[(df|ec)+(ef]da)]
Hpl= \/6[(dfice)~(ef|dc)]=ﬂgi
Hg}i:%Tz[(dfl%)—(efldc)]:a ng
A1—<df | ec) — (ef | de)

H2 = V2@ w) -3 (of | do)]

Hj ———[5(dflec)+(ef|dc)]

Hy: —713“[ (@f | o) + (ef | do) |

HEt = 75~ L @le + @ 1do )
H‘é; VE @) =~ HfL=— HA?
HAi—V—l_g[; Gf o) + (& | d0)] =~ Ha?
Hgl =@l e) - (of | de

Hp2 =5 [- @iw+ @lao)

a2 = 2 [~ i) + o do) ]

HA2 = [~ @) + o | do)]

Hyl=J5l- 3 @le+ @)= mae

= H

Ay _
By =0

439

Doublet 2 x5
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A = abcddee
B = adebfcc
A = abcddee
B = abdefcc
A = abcddee
B = baedfcc
A = abcddee
B = deabcff

M. YAMAZAKI

HA“@D v}(dflec) —(ef]dc)]=_. Hzl;li
HAL =~ Y8 @f )

HE =~ 22 @rle

HAl—

HE2 =VE @l

Hp? =~ \/6 (df | e

A
Hp:= 7—3: f | ec)

H’;i = vl_z: [(df | ec) + (ef | dc)]
Hfl- Hpl- Hl- Hp?= Hg =
Hg; - A'/g [(dfl ec) — (ef | d@]
a1 - g (@1 - 1]
HAz -5 [(df | ec) — 3 (ef | dC)]

A
HA2 = = @l

HG = VE [ @fle) - @f 1d) ] = Hp?
A1_ HA:L_ HA1_ Az_ HAz_ H§§=

a4t =- 2 ar1e) - o4

Hft= 5 (@ 1w - L@ ldo]=- HE?
HE = 2@ - L @)= Bf

Hgt=VE @)= hie

hp?

z 4

Hgt =32 of |do) - Hp?
HA1 - Az -0

Hfl= H2 =5 @ le)

Hft=- Ha2 = /3 @rien

I Doublet 2 x5 I



A = abcddee
B = edbacff
A = abcddee
B = dfebcaa
A = abcddee
B = defbcaa
A = abcddee
B = fadecbb

Configuration Interaction Matrix Elements 441

Ai — l;IAi — A1 — H HB2 — HAZ —

HY
Hpt = Y2 @) o) =~ H‘,‘;g
Hpt=- Y8 @rlen=- HA = HA = HE?
gt =- 22 waf o) =~ HA?
HAI._ HA2_
Hit=v2 [ L @l - (ef lda) |

a1=J3 Wi

A1 Ai~ HAz_ A2 _

B =

oy
HAL%(dflea)
HE2 = J3 (@ e - 2 (of | da))]

A
H2 =~ = (of | da)

Hil=vZ [ @fled - (o da) ]

HA:=- JE (af |ea) |

Hft = o [@r 1) - L @len]
af == SF@io - 4 @iw]
=3 @1 -

Hgi - ‘%L% (db | ef)

Hpl=

ng: - !E (db | ef) | Doublet 2x5 I
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A = abcddee
B = adefcbb

A = abcddee
B = acdfebb

A = abcddee
B = afcdebb

A = abcddee
B = acdefbb

A = abcddee
B = abfdecc

M. YAMAZAKI

i - _L_[@q )+ L (@] ef)}

V2

Hy: = s (@i + L @ien)

Hp2 = = (@r e - @ ef)]

HEt =5 (@) + ef | an)]

HEl- Hil= Hyl= Hi2= HE2=0
Hgt=- J% [cdf| ) ~ (ef | av)]

HE2=- =W 1) - (e |0

HE? ~\/6[(df|eb)—3(efldb)]

HYE = Fo @@

Hil=vE[L-@r|eh) - (ef | db)] —— HY?
Hgl- Hp - Hfl = - o - mhz-

3 A
=J§<df|eb>=HBz

HEt =5 (@) + ef 1a0)] = HA2
H§;=H = Hgl- H - Hp2 =0

HA=- J3[@r1a) - ef 1an))

_1

i

HE? [@r 1) - (er | ab)]

0\[!

HE2 - o [@r 1) - (ef | )]

HEt=VE [ @) - @)=~ HE

A1 A1 Az -

Hyl= Hgl= Hp Hi? = Hp?=0

Hit=- /S @rien = Hp2
Ag_ 1 A
Hy' = 5 @f e+ (ef 1d0)) = HE?
HAl_ HAl_ HAI_ A2_~ HA2_. A2=0

i - A/g (@) - (ef 1d)] =~ HE?

Doublet 2 x5




A = abcddee

B = dafbecc
A = abcddee
B = fadebcc
A = abcddee
B = fadbecc

Configuration Interaction Matrix Elements

H \/2 [(dfl ec) — 5= (ef | dc)]
Hé; - g [(df | ec) — % (ef | dC)]

H‘é; = }/z"?, (ef | de) =~ I—I‘gi

Hgt = 3YE (e | ao)

Hy

1=
5

H;;}; = --— 2 (ef | do)
g =- g5 arie - 3 riao)
g2 == (@i - 21 a0)

Y = 2 @f e

et = 5[ e - 1 @eien]
HA1 - A/% [(df | ec) ~ —é~ (dc | ef)J
HA=Y0 @elen) = Hp

g = 3Y2 @l

Higt =

HBZ - 34% (de | ef)

HE? =

2= = (@f e+ -1 el en)]
HB4 - \/6 [(df\ ) + —é—(dc}ef)]

42 == 2o [@r e - el o))

= 5 (arie - 1 r a0

At = J2(@rie - Loeria0)
Hé; = \_/E (ef | dc) = — Hgi

A

41— ,?;\4/? (éf | do)

A
HB;=

443

| Doublet 2 x5 I



A = abcddee
B = adbfecc
A = abcddee
B = adbefcc
A = abeddee
B = adefbcc
A = abcddee
B = fabdecc

M. YAMAZAKI

A2 = Y2 (ef | o)

HE =~ \75 (@f 1) + L (ef 1 ao)]
HéZ — \/6 I:(df | e(;) 4 _1_ (ef | dC)]

g2 = = [@f 1eo) - (ef | d0)]

HE =vE [ @rle) - @len] - HE?
HAi—HAi"HAl_ A2=H‘§§=
HAt=- /3 @i
Bt G
HA2 = 7 @f )

:vz[_;_ (df | ec) — (efld@] == Hﬁi
Hyl= HE = Hg’= HZ =0

- J% @f | e)

HyE = = @]

H \/2 [(df|eb‘)+(dclef)]
HAI— - HA1= m4r= Hf2=0
Hg:=- J% (@ o) = e )]
H‘E}z:\%—z—[(dfleC)f(dclef)]

oae= /3~ T @rie + @elen)
Ha? =- 2@ e
HAl“‘\/T_[(dfleC)+(d6lef)] =Hg§
Hg;“\/T[(dfleC)+(dc ef)] - Hﬁi

Hgl; Vo [(df ec) = (de | ef)] Doublet 2x5



A = abedd
B = fadbc
A = abedd
B = abcfd

Configuration Interaction Matrix Elements

Héi - 3\/2 [(df | ec) — (de | Ef)]
Hgt =

H}5’3 - __Z [(df | ec) — (de | ef)]
f] \/ 6 [(dfl ec) — (de | @f)]
ng = (@1 - @)

A1~

T2Af | PoPy) ~ (Pof | dP)} + (da]af) + —glr @b 1bf)

(e len]

2

7%
Hgt =V (@6 - @ en)) =- HE

m|

Higt =22 @ op) - @elep)]

Hgl=0

Hé; - L/g [(db [bf) — (de| Cf>]

A -7 1
Hy) =V [+

HE?=-vT[- \/g [the above) — Yg (da|af) + S/E (@b | bf)

+ V5 @eief)

Hég =7 [ \/6 {the above} A (dﬂl | “f)}

Hit=v 7[{<dlhif)+(dflaa)+(dflbb>+(dflcc)+(df\dd)
+2@df | PyPy) = (Puf |dPY)) - —5— (da| af) — —

g @elef) = H 2

HA]_ — HAZ .

HA1 = A/g [(db [6f) = (de | cf)]

Hft=-J5@alap)=- HE®
Hgt = @a)af)

Hp2==[2walap) - @bf) -3 ef))

V'3 (the above] — S/g (db | bf) — 3/2? @elef)]

[the above] — _7:13_ @b bf) — “’i* (de | ¢ f)]

445

VE [ i (@] F) + @f |a@) + @f | 60) + (@F | @) + (df | dd)

Doublet 2% 5
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A = abecdd

B = fdabc
A = abcdd
B = dfabc
A = abcdd
B = abcdf

M. YAMAZAKI

A 2
Hp: = 5[5 @alan) - @ o)

Hpl=vE [~ 5 (@I 5] )+ @F |a8) + @F |86) + @f | o) + (@F | dd)
+2df | PaPy) = (Po f | AP + (da | af) + —f— (db | )

+ @ len)

HA1 =+/2 [,— \—/—2—?— {the above} + %43 @blbf) + 5/43 (de | Cf)}
A N 4

Hft=- ﬁ[(db[bf)—-(dﬂcf)]= Hp®

HAt=- Y2 (@105 - el en)] == HE2

HAI =~ (db|bf) + (dc|cf)

HBi = \/f[ ; {the above} +~‘* @b 1bf) 4 —4— (de | cj >]

Hf?=v? [3 (the above} l/gz(da laf) — %g (@ |vf) -3 (dc ef)]

2= 2o [@alan) - L@ o)~ Low@eren)]

HAl —

VE[= 5 (@B 5+ @F |a@) + (@ |6) + @F | ec) + (@ | )
2(@S | PaPy) = (Py f |dP)) = —5— (da | af) + —5— (@b | bF)

el op)

A = v [~ Y2 (the avove) + VB (da | ar)+ L2 (@ [ bp)+ V2 @elen)]
HA = YE [@05) - @) ep) = HA?
HB4 \/2 [(db|bf) - (dcmc)] _ Hﬁg

= (@b | bf) ~ (dc | cf)
Ha2 =2 [~ L (the avove) + L (dalap)~ L @]65) ~ L @elen))
ng = v [V2 tthe avovel - V.2 (dalay) — BN @bler) - B3 @elen))
H4 \/3 [~ @olap) + L@ o) + Lw@elen]

Hp [{(dwm+<df1m>+<df:bb>+<df;cc>+<df|dd>
+2@dS | PaPy) — (Py f | 4P} - —5— (da]af) — —5 (@b | bf)
= AT — A
(e |ef)] = Hp
A1 -

Hiygl= Hf? =

_ A/g (@165 - @elen) Doublet 25




Configuration Interaction Matrix Elements 447

Ai_

Hit = 75 @alof) =— Ha

Hpl=- dalaf)

Héi:/\ %[~ -2 (da)af) - L @|6F) + (@c]ef)]

Hpz= o[- L @aran) + @ )0p)]

B lanme  HE =VT[- 5 (@Ih] )+ @F la) G189+ @F 1@+ @7 1o
+2(df | PPy = (P f | dPY)) = —5— (da| af) + —f (db | bf)
+a e cf)]

Hj%; - VT [\/f the above] — ,\/g @alaf) - V3 (@b |bf) - V3 f @elef)
HE=- YO [@)05) — @eyen)] =~ H;;}g
HE = 32 (@ o) - @) ep)
Higt=o0
Hf2 = V2@ b5 ~ @e)ep)]
H42 = 1= [ ithe avove) — (da | af) + -1 @b bf) + L (@] cf)]
H‘gi = A/—g (- ,-%* (the above] + (da | af) — _é_ (db | bf) - %_ (e |ef))
Hgi - \/% [~ {the avove) -+ (db | bf) + (de | cf) |
A = abedd Ay 1

B — abfed Hpl=7g |~ (@] f)+@f [aa) + (@f | bb) + (df | cc) + (df | dd)

+2(Af | PPy = (Po f | dP)) + —5— (da| af) — (db|bf)
+2(de|cf)]

A=Y walap) = HA?
Al - A/ [tthe avove) — 1 (da|ar) - (@ b))
gt =- Y2 @alap) =~ Hp?
Higt == @a)af)
ng = V2 [~ - (the avove} — 1 (da | af) + —5— (db | bf) + (de of) ]

Hgi = /g [— fthe above} -+ vz, (da | af) + % @b b)) | Doublot 2 x5 l
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A = abcdd
B = abdcf
A = abcdd
B = afbdc
A = abcdd
B = adbfc

M. YAMAZAKI

B2 = 2= L atan + @)

HE - Ve [- 5 (@ k] ) + @F | ag) + @F | b) + (dF | ce) + (df | dd)
+2(df | PaPy) — (Po f | P} + —p— (da|af) + (db| )
- 5 @elen)

H‘él - !E (da|af) = H’éi
— J/ [ the above) - % @a ) af) ~ (@ | cf)]
H§1=v2 (da|afy =- H%
= (da | af)
) [_ %f {the above) -+ -% (dalaf) - é* (deef )]
H2 = /2 [~ the avove) + L @alas) + 2@ |05 + @ |ef)
HE? =

5

73:[(dasz) —z(dbibfﬂ

HA =V [~ 3 (@17 F) + @F |ag) + (@F | 0b) + (@f | c0) + (df | dd)
+2(@f | PuPy) — (Po f | dP)) + —— (da|af) - —5— (db | bf)
+ (e | cf)]

Hpt=- V0 @alap) = gh

Al - /3 \:the above) — %7 (da | afy — (db | bf)]
Hgli - 3\/2 (da | af)
Hj_%; =

=2 [—A{the above}+_(daiaf) _*(db |bF) - (de |cf)]

HA2 = V2 (daap)
H‘éi - /g [— _% {the abovo) — % (da | af) + (db | éf)]
Hp= 5 [ {the above} -+ (da | af)]

=vE[- 5 (dt/uf>+<df!aa>+<df|bb>+<df|cc>+<dftdd>
+2@Af | PaPy) — (Po f | dP)) + —— (da | af) + (db | bf)

5 e lef)] " Doublet 2x5 |



6.

Ny=5h,
A = abcdeff
B = fbcdeaa

Configuration Interaction Matrixz Elements 449

H‘éi = N/g [{the above} — —— (da|af) — (dc | cf)]
HA = ;3_2/2 (da | af)
Hiyt -

Héi = {/lmz:[{the above} — 727 (da|af) + (de| Cf)]

,,HAZ — l/,%(ddlaf)

= \/16 [ {the above)} -+ ‘z—a (da|af) —2@db|bf) + (dc | cf)}

Hy?
H%2 = 2 [~ tthe avove) + (@b |0) + (de| )]

Np=5 (ka=5, kp=5)

Hpt == 11+ (ol aw) + (fa | ) + (fa) o) + (fa | dd) + (fale)
F 61 S +2(fa|PaPY — (Pua| SRR} + —5— (fb1b0)
+ g (el + =5 (fd | da) + —5- (fe | ea) =

H‘g;: 3/? [(fb | ba) — (fel w)]
Hil-

HA == L [(d 1 do) - (e | )]
H‘éi - w[(fd | da) — (fe| w)]

H‘g; =— {the above} + % (fb|ba) + _g— (felea)y + *éﬁ (fd|da)

5 (el )

HE2 = 5 [(rd | da) — (e | e

Hp2 = 7= [(Fd1do) — (o )]

HY? = g [(Fd1da) - (e ea)]

Hgs = Y2 [(b 100+ L (eled) - 2 (7d|da) ~ 2 (e | )
Az 1

ba o[- 2 (sl ca>+<fd1da>+(fe|w>]
Héi = — {the above} + -»‘2—— (fb ] ba) + ~é* (felea) + "g* (fd| da)

7 S —
+ g (fe| ea) é Doublet 5xh
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A = abcdeff
B = acfdebb
A = abedeff
B = abcd fee

M. YAMAZAKI

Hipt = V2 [(elea) - -1 (s | day - -;_ (fel ea)}

HA5=—{the above} + 5 (fe|ca) + —e— (fd | da) + —5 (fe| ed)
Hyi= H
HBI——{(f|l’t|b)+(fblm)+(fb|bb)+(fb|00)+(fbldd)—l'(fb|ee)
+ (SO ff) +2(f0 | Py Py) = (Pob]| fP)) + —5— (fa|ab)
+2(fe |eb) + —5— (fd | db) + —4 (fe | eb)

Hygl=- V2 (Galay=- :42=— 54t

HE1 =2 [(fdldb)—(feleb)] HE=- Hp

As _

A2 HA3 _ HA4 _ HA5 — Hf =0

Az_

H§1= Hgl- H
a4 {the above} - 7} (fa | ab) — é_ (fd | db) — % (fe | eb)
Hglﬁ‘ = {the above] — L (sa|ab) ~ 5 (rd vy - 3 (feleb)
Hf2 = V2 (fa|ab)

Hip? =Y (fa|a)

His = VE[(sd|ab) - (fo| )]

HA4 — _é; {the above} - %— (fa | ab) + *’g (fe|cb) — *;—‘ (fd | db)

~ 1 (fel e
H‘gi = 2\73 {the above} - V7T (fa|ab) - 2\?{2 (fe | cb)
Higs = VO [(fa | av) - (fe| &)
H‘é: - 3.\3/5 {the above} - &\3/?_ (fe|cb) — VT (Fd|db) — T (fe|eb)
Hﬁg . {the above} =

Hgt == {1510 + (Fel ag) + (fo | bb) + (fe | cc) + (Fe | dd) + (fe | e
+ (fe | FF) +2(fe |PaPa> ~ (Poe| FPO} + 5 (Falao)
5 (0100 + — (Je|cd) +2(fd| do) = Hp?
Az

H = Hp

HA1 _ ,\43,[ felee) - (b1 b0))

HBi — _.2‘ (fa|ag) = — HB;Z:, . Doublet 5x5b
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HA v—é—» (fa| ae)
H _\/3 (fc | ce) l~\/3 (fb| be) — Mg(f“\“@
HA2 = = (20109 - (Fal @)
HAS— HY Lt (fb1be) + (felce) =2 (fd | do)
HA? = 75 (fala)
H \/ ¢ (fa | ae)
A4 = HAt 45 (fala) - —5— (180 + (fe | o) —2(fd| do)
Hg: - ),/3,2, [(fb | be) — —;— (fa| ﬂe)}

Al 4 = 'A(falae) + "‘2‘(fblbe) — =5 (felce) -2 (fd]de)

HE - Hp
HBjE HBZ

III. Formulae of configuration inieraction matlrix elements for Triplet state wave function

s=1)

1. Na=2, Ny=2  (ka=1, kz=1)
5l Hp =l
4 = e 'H;;} —~ {1 k1@ + (ca|aa) + (ca | b) + (ca| ce) + 2 (ca| P, Py)

= (Poa | cPy)

bltha  Hp == @1l
L T
5 wd  Hp —- @l
4=a Hp ={@171d)+@d]a@) +2@0d| PP - Pod | WPy } - (a | ad)
4=a HE = {(a|h|d) + (ad | Bb) + 2 (ad | P, P,) — (Pd | aPa)} — (ab | bd)
a-@ Hpy == {01 0| )+ (¢d|aa) +2@d | P P) = (Pd | 6Py) | + (baad)
Bt Hp = {@Ih10+ @@l + @a|bh) + (o) +2(ca| PP — (PaaleP )
4 = dbee HS =- {(c LB 1B + (b | aa) -+ (cb | bb) + (ch | cc) + 2 (cb| PoPy) — (Pab{cPa)}
B odee  Hp =l |
4= HYG = (ad| bej — (bd | ae) mmi
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A = abcedd
B = cdaabb
A = abcc
B = dcaa
A = abcc
B = dbaa
A = abce
B = abdd
A = abcc
B = dcbb
A = abcc
B = adbb
A = abcc
B = dabb
A = abcc
B = acdd
A = abecc
B = bcdd
Ny=12,
A = abcc
B = daeb
A = abcecdd
B = ecdbaa
A = abcedd
B = cedbaa
A = abcedd
B = cdebaa
A = abec
B = dacb

M. YAMAZAKI

H% = (cal|db) — (da | cb)

HE = @d|ca)

A

Hp =-(d|ca

H%E = (d|cd)

HY =- (ad|cb)
HE =- (cd|cb)
Hp = (ed|eb)

HYG =- (d|cd)

HY = (@d|cd)

Np=4 (Ba=1,  kp=3)
4= J5 @i

HE, =- o @)

Hp, == g @ o)

2
ng = \—/% [2 (ce | da) + (de | ca)]
[

— (ce | da) + (de | ca)]

— (ce | da) + (de | ca)l

kS
- S
/. /

(ce | da) — 3(de1ca)]

VE 5 (1 71 d) + (ed | aa) + (cd | bB) + (ed | cc) +2 (cd | Py Py)

o
o
[t

I

~ (Pyd | Py} - —5— (ca| ad) — (cb | ba)] | Triplet 1 x3



Configuration Interaction Matrix Elements 453

]1]‘;2 = {/176: [— {the above} -+ 3 (ca | ad)]

A 2
H33 == 73 {the above}
BT Hp = g (alad) — @] b))

Hp, =3[ 2 (@1 h1d) + (od | aa) + (ed | ) + (ed | cc) + 2 (edd | PP
— (Pyd | Py} + (ca | ad) + (cb | bd) |

A _ 2
HB3 =73 {the above}

brtl R -vil@iws @]
Hy, =3 @l
Hi, =0

foie mh-vi(@iwo- g @im)
Hp, == Jg 1)
Hi, == g @l

g b - Jyleimem)
HE = Jo[@iw - dla)
HE = 2o (@)~ @] )

i HE, - ggletie ]
HE == /2 [0d10) - @10
Hp, =0

‘fé = ZIfoe Hg}l - 71.,,5 [(ad | ce) + (cd | ae)]
ng - A/g [(ad | ce) — (ed | ﬂe)]
Hi, =0

gzzgﬁg Hgll:\/g[_(adue)+%(cdlae)]

HY, =~ /2 @la

A : """'.“"'""""""""
= Triplet
H Bs 0 riplet 1x3
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A = abec
B = dbce
A = abce
B = dech
A = abcc
B = cdab
A = abec
B = adbc
A = abce
B = acbd
A = abce
B = abcd
A = abcedd
B = bcedaa

M. YAMAZAK]

Hf, = VT [@l|ew) - 5 @d|ao)
a 1
Hy, = g (cdlae)

HE, = = (@] )

Hél —- \—/15 (@ |co) - (ed | o)
Hﬁz = A/,g_, [ad ce) = L (ed | ao) ]

bl

== (cd | ae)

A —
H33~ 3

<

H‘fgli - 71? [(ealad) ~ (0 | b)]

1

ng =Je [— 2{(c|h|d)+ (cd|aa) + (cd | bb) + (cd | cc) + 2 (ed | P, P,)

= (Pyd | cPp) — (ca|ad) — (cb | bd)]

}]§3 - ;/23: [{the above) — (ca | ad) — (cb | ba) |

HE, =vZ [~ 5 (1 h1d)+ (cd] o)+ (ed | 0h) + (cd | co) + 2 (cd| PoPy)
—(P,d|cP)) + %f (ca | ad) + (cb | bd)]

H‘§2 - VLGT [; 3 (the above} + (ca | ad) |

HY, = alad)

Ho = VT [~ 5 @1 h1d) + (e aa) + (od | ) + (ed | ec) +2 (od | PoPy)
~ (Pad | cPy) ~ 5 (| bd) ]

Hg‘z = A/E [~ the above) + %_, (ca | ad) + (b | ba) |

HY, == 5 alad)

Hig, = V7 [(Cl k] + (| ad) + (ed | 0b) + (ed | cc) +2 (ed | Py o)

= (Pod | P} — —5— (ca| ad) + (b | bd)]

A 1
Hp, =g Calad)
oY = s @l e

HBz: / g (ce | da)

A | .
i Triplet
HB3 0 ‘ riple ]x57



Configuration Interaction Matrix Elements 455

hrad mh-vilE o)
Hp, == 5 @l
Hp, =0

bruml mh Vil eim o)
Héz - .\/1,6; (ce | db)
HE, = oy (ol db)

Bl HB-VEI[- g i)
ng - m/g (ce | da)
Hiy, =0

B Hh =i - o)
HE, = 2 @elav
i, =0

Blum B -vEI[- @)
ng — (’/};6 (ce | db)
H§3 == g (el av)

fim mf--viae
Hy, - Hy, -

e R
ng /g ce | de)
Hp, =0

Bad  Ha =TI hld) + cd]as)+ (| 0h) + (| cc) +2 | Py P,

~ (Pod | cPp)) — —5— (ca| ad) - —5— (cb | bd) )

e -~ Jg_ (1 alad) + @ oa)]

A
HB3 \/'?T(“H“d) I Triplet 1x3 I
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A = abcedd LA 1
B = cabdee H31 RV (ce | de)

A 1
Hp, =- Jg (eldo

HE, =~ o (el do

A = abccdd A
B = cdabee HB1 =0

H‘gz = A/g (ce | de)

Hf, =- g Celdo

4 = dbec HY, =~ {/% (@ | o) — (ed | ao) ]
H‘gz = \71%7 [—— 3 (ad | ce) + (cd | ae)]
Hp, = (|0
A HB, =vT [ (el hld)+ () + (cd | 0h) + (od | o0) + 2 (ed | P, Py
~ (Pad|cP) + —5- (b bd) ]
Héz = \7/1N61 [— {the above} — 2 (ca | ad) + (cb | bd) J
o4, - 2/%3;[— (the above] -+ (ca | ad) -+ (cb | bd)
A =ab A 1
& = abee HBI=VEE(ca{ad)—(cb|bd)]
H‘éz = ng [2 {(c|h|d) + (cd|aa) + (cd | bb) + {cd | cc) + 2 (cd | P, P,)
~ (Pad | cP) + (ca|ad) + (b | bd)]
Hég - V%g{{the above) — (ca | ad) — (cb | bd) |
A =ab A
B Z dead Hg, =
HY, == 2 @l e
A 2 .
Hp, =y e
A =aboc A - 1
B Hp,=VEI[-@dl@)+ L (cd|bo) ]
o4, = 5¢ @lbo
Hés == 5 (ed | b)
A = abee A 1 e

B = dcae H By T V9 (td | co) . Triplet 1x3 g



A = abce
B = cade
A = abec
B = cdae
A =abce
B = deac
A = abce
B = adec
A = abcc
B = daec
A = abcc
B = adeb

. N A= 2 ’
A = abcedd
B = deafbc

Configuration Interaction Matriz Elements
qg, = Vol@d)e - 2 (|0 |
HE = sl

? [(bd | é6) + (cd | b0) ]

o
e

I
<o

[(bd | ce) — (cd | be)]

o
w
[\

I
<
O\\

HE, - \7 [(bd | cé) — (cd | be)]

Hf, == o5 @l

HY, =-o=[0d10 + 26a109)]
HE, = [~ 0a1e0) + (159
H§1 - [(be | ed) + (ce | bd) ]
Héz - % (e ed) — 3 (ce | bd)]
HE, == o (el ed

Hig, =VE[@d|w) - L )bo ]
HA = 2 @i

H, =0

H‘gl = VE[- @l + e b |
HE == b

H‘é; - \/2,3: (cd | be)

1
H31 =—7:2—_ (cd | ce)

a4, =3 @i

457

:I‘riplet 1x9
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Hi, == 2 [@elen) - celap)

H’§4 = VI5 (o apy

3

Hp, =L eldp
ng — -2 [@e]er) - % (ce|df)]

Hi, = @elef) - —24 (ce| df)

—_ V3
Hpg, = Vg (e ldf)

A = abcedd A 1
B = defach HB1 ) (celdf)

Hg, =- 71? [(de | cf) + —; (ce | df)]

H, =V [@eler) - @lap ]

Hgg; = \/SE (ce | df)
Hp, == 4 @e|ef) + - e |dp)

Hi, =- l/g[(dﬂcf) - (C€|df>]
H‘§7 - 334_2: [(de lef) — (ce| df)]

Hpy =5 (elef) + L (eelap)

A = abcedd A 1
B —deactf ~ Hp, == 5= (celdf)

RS
n
II
<1H
|
o] eo
B
Q
'\(\
~
+
=
)
o
~
~
—

Hp, == -4 (celdf)
Hy, =vZ [hgﬁ (ce|df) — (de | cf)]

H§7 - }(3,.% (ce | df) Triplet 1x9




A = abeedd
B = decafb
A = abeedd
B = efabcd
A = abcedd
B = efacdd

245

8

H, =%

9

&
w
=2

I

&
o]
-3

|

A
Hp, =

HE, =Y

A
H131 =
HY, =

A
H33:

HE, =-

HE, =~
HY, =
H, =-
Hy, —-
Hf, -
Hf, -

Hp,

Ii

If

Hg,

Configuration Interaction Matrix Elements

—— - (ce|df) + (de | cf)

V3 (ce|df)

=— - (eldf)

= V3 [elap) - 2 @elep)
NG
3

,\/0 (ce | df)
(ce|df) - —5— (de]cf)

_ 3/3? (de | cf)

- 2\3/7 (de | cf)

_i@eldﬂ -

cf)

‘%

(ce[df)

0
71 [(celdf)+(de|cf)]

_____ VE (el ) + (e cf)]
,31,5 (Cceldr) = (de]ch) ]
?(celdf)A 7—(de|6f>
l/g__[(ce1df) ~<de10f)J
v, [(ce1df>—<de1cf>]

2 (celdf) + -2 (de]cf)

O

\715 [@e | df) — (de| cf)]

% [ce|df) - (delcf>]
x,/f,[ ~(ce | df) - (delcf)]
VE (el dp)

459

s

Triplet 1x9 ﬁ
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A = abcedd

B = efcabd
A = abcedd
B = efcdab
A = abcedd
B = abefcd

M. YAMAZAKI

- g[_ (ce | df) + (de | cf)]

[(ce|df) - (d6|0f>]

1
3
Ve [eraf) +2e) on)]
—_V z[(ce ldf) - (dewf)]

2 (ce|df) + %— (de | cf)

I

,\./g[(cﬂdf) - (de|cf)]

(ce | df) — (d9|0f>J

<

?[ L(ce|df)+(de|cf)]

|< “l

ll

(ce laf)

mlgD

OD
/__\

S

— (ce|df) + (de] w’)]

l

(ce | df) — (de| cf)

2 (ce|df)

5 o

| w
[

2_3__ (ce | df)

_ _,é_ (ce| df) + _;— (de | cf)

. :%[(ce[df)—(delcf)]

- H32 HB3 =0
1/,15 [(ce ldF) - (deICf)]

- ‘é‘ (ce | df) — (de|cf)

I

= Hf =22 elap

- %i (ce| df) — (de|cf)

Qf[(ce|df) - (de|cf)]

,=- (eldf) - @e|cf)

. :_V§[(ce|df)-(de[cf)] Triplet 1x9



A = abcedd
B = abecdf
A = abcedd
B = abcefd
A = abeedd
B = abcdef
A = abccdd
B = edafbc
A = abcedd
B = edfacb

Configuration Interaction Matrix Elements

HA - Hf, = Hb,- Hp, -~ Hg,= Hp, = Hp, =0
Hp, = 2(e|df) - @elch)
HY, —- /3 @elch
HA = HA - Hf, = Hf - Hf, — Hg, = Hp, =0
H =2l df) ~ @e]cf) ‘
Hi, =- VT @elcf)
HA - HA - Hp = Hp - Hp — Hp, = Hp, =0
Hi, =- (eldf) - @e|cf)
HY, =- V3 [Cldf) - @elep) ]
Ha - Ha, = H = Hf - H,— Hg, = Hp, =0
HY, == 5 (eldf)
Ha = Jy(welen - 5 @lan)]
g =Y @elep)
oY, == YE celan
HY, = —5 (eldf)
oY =2 [Welcr) - 2 (@|dp)]
g =Y eldf)
HY, = @e|cf) - — (| df)
g = Y3 celan
HY, = & Celdp)
Ha, =~ J5[@eler) - 5 @i
Ha, =YE @elen
g, =~ Y2 @elap
Hf, —- 5 @elef) + (o] df)
A

== Y2 @elen)

461

Triplet 1x9
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A = abcedd
B = edacbf
A = abcedd
B = edcafb
4. N,y =4,
A = abcd
B = eacd

M. YaMAZAKI

HY, =22 @e)ep)

Hp, =4 Gelep) - L @lap
Hp, = Y2 @ela

Hy, = 2 (eldf)

HE, = g5 Celdn) + @elen) ]
Hy, =VE[Celan - @elen ]
Hp, = Y5 @ap)

Hi, =i (Celdp

Hi, = V2 @eldf) ~ VT @elcp)
Hp =Y eldp

Hf, =— -5 (eldp) + @e|cp)
Hp, == Y5 celan

Hf, =+ Gelap

4, ~71§[%(celdf)+(deICf)]
Hp, == YE[@elar) - @) of ]
HY, = \/Tl_ celdp)

Hp, =5 eldf) - 4 @e|ep)
Hp, = Y2 [l ds) - @elep) ]
Hy, == 2Y2 [ a5) - @] )]
Hp, =% (eldf) + L (e|cp)
Hp, = Y5 @lap

Np =4 (kg =3, kg =3)
HB1 _ {(b|h]e)+ (be | ag) + (be | cc) + (be | dd) + 2 (be | P, P)

—(P,e| bPa)} + (e | o) + —5— (be | co) + —— (bd | de) ETriplet 53|



A = abed
B = ebcd
A = abcdee
B = efcdaa
A = abcdee
= fecdaa

Configuration Interaction Matrix Elements 463

7t =Y (el e - @) ao)]

Hi!
HE? =
o2
HE?

bz 4o

As _
Hp, =

Ag
Hg,

Ay
Hp,

Il

= _% {the above} + (ba | ae) —

\./3 [(bc | c6) — (bd | de)]

3_ [(bc | co) — (bd | de):l

1

3

—_——

the above} + (ba | ae) — _%m (bc | ce) — _é_ (bd | de)

_ %L {the above} - \/ 2 (b | co) — 1%7‘ (bd | de)

_\3/2 {the above} + 72,7\3/ 2 (e co) + 2_\3./2 (bd | de)

={(a\h[e)+(aelbb)+(ae\cc)+(ae[dd)+2(ae\PaP,;)

~(Pe]aPa)}~(ablbe)——é—(ac]ce)——;—(adlde)

HAl ___\/3 [(ac]ce) — (ad | de)] = Héi

Ag
Hp, =

VS
\%K[(ac | c) — (ad | de)] - Hgi

HA2 = {the above} - L@ be) - _2_ (a | c8) ~ 2 (ad | do)

Il

It

I

I

I

I

I

I

i

If

- _2_\3/_5 (@ 1be) - L@ |eo) - — (ad| de) ] = Hp?
{the above} + % (ab | be) + “é’ (ac | ce) + 7%_ (ad | de)
- (0f led)

HE = Hy - Hi®=

— Of lea) + 2 (ef | ba)

- 2V (of ba) = H?

~ (Of | ea) + ~5 (ef | ba)

Of | ea)

A1 Aa —

Hfl- Hy? = Hp
T(bflw>+“3—(eflbﬂ)'

H_\S{E [(@F 1) = (ef | ba) | = H‘gz

—(bF | @) + —g (of | 00) [Tripler 553 |



464 M. YAMAZAKI

5oy Hal=- @il
Hgl; _ A1 - mA A3 .
Hp? == @f | @) + 5~ (f | ab)
a2 =- 22 (of 1ab) = £ 43
HAS =~ (af | ) + —3— (eF | ab)

B e Hpl= 5 @F e - (ef |bd)
HE = V3 07 | a)
H§§ _ HA2 _ HA3 _ HA3 -0
HA2 = V3 [ 05 1ed) - or | 00)]
HE? =- 5 Of led)
HS = 0f |ed

n e HAr=- 1 i@+ f
HEL =~ Y3 @ @)
Hit =0
HE? = o[t @i - @rla)
Hp? =- L @rle
HE? = 2Y2 Gf o)
Hp? =VE[@f |e) ~2(ef a0
Hfs =- Y2 @ 1w
Hpd == 1 @f e

Aodedee  pAs L Gpay - of |a)
Hpt =- Y3 ar i@
Hpl = Hp2= HyP= H® =

Hp? =3[ @fleb) - (ef |ab)

1 .
I‘Iéz = 5 (df | &) Triplet 3x3



A = abcdee
B = bdfeaa
A = abcdee
B = becdaa
A = abcdee
B = aecdbb

Az
Hp:

Aq
Hp,

Ay
Hp,

As
H7p}

A

As
Hg,

Configuration Interaction Matrix Elements

- @f | )
— 4 (of | ea) + (of | @)
V3 (ef | ea)

0

= g [l - (ef o]

1
= . (Cf ] w)

2Y2 (of | ea)

Vo [r e —2ef | ea]

465

1 ={(e{h|a)+(ea1aa)+(ea\bb)+(ea|cc)+(ea]dd)—k(e:ﬂee)

49 (ea| PyPy) — (Paa|ep,,)} -k e | ca) =~ (ed | da)

\/25 [(ec | ca) — (ed | da)]
0

L/g [(ec | ca) — (ed | da)]

3

= _2.\3/2 {the above} - 333/; (eb | ba)

I

1<

3 E[(ec | c@) — (ed | da)]

w

2

w0l

1

4
- 4+ —— (eb | b
3 {the above} t g (eb | ba)

Sl {the above} + “g“ (eb | ba) — féﬁ (ec | ca) — é— (ed | da)

i S [{the above} — (eb | ba) — ;g_ (ec | ca) — —2- (ed | da)]

=—{(e|h1b)+(eb[acz)+(eb\bb)+(eb[cc)+(eb\dd)+(eb|ee)

2 (@ | PPy~ (Pyb| 6Py | + 5 eo | ob) &~ (ed | db)

)125[_ (ec | cb) + (ed | db)] -
Hps =0

Hg?

i Triplet 3x3 i
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A = abcdee
B = acedbb
A = abcdee
B = ﬂCefbb
A = abcdee
B = aebfcc

M. YaMAZAKI

HA2 - {the above} + %— (ea | ab) + —2— (ec | cb) + -2— (ed | db)
o4 =- 22 ) = HA?
H‘gg - {the above} + 3 (ea| ab)
HE =5 {1 h18) + @] a) + (@] 5) + (@ | co) + (b | dd) + (b | @)
+2(eb | PaPy) = (Pub | eP)| + =5 (ee | ob) — (ed | db)

Hﬁ; - !,?’_ {the above} - !25 (ec | cb)
Hgt =0
Hgi - L/Q [{the above} — —2— (ea | ab) — (ec | cb) — 2 (ed | db)]
Héj -- L {the above} + ._:1%_ (ea | ab) + 3 (ec| b)
g2 = 22 ) a)
HA? =V (ea|ab)
a2 =~ Y2 (alab)
Héi - {the above} - %4 (ea | ab)
Hgl = 1 @f | = (ef | )

HA =V arie
HEl= HE = Hg? = Hg® -
HE? = V3[4 @f 1) = (ef | ab) ]
Hy? =- 2 @f | )
HE? = @f | )
HE! =1 @f | e0) = (ef | do)
Hih = \/ﬁ[% @f | e0) = (ef | do) |
Hp: = Hyy = Hp) = Hp) -
mae =V2ariew

' ng =- -2-M @f | e Triplet 3x3



Configuration Interaction Matrix Elements 467

HE® = @r e
A = dhod Héi {(dlh]e)+ (de | ag) + (de | bb) + (de | cc) + 2 (de | P, Py)

- (P,e| dPa)} -t (da|a&) - —5— (| be) + (dc | &)

oAt =YE[ 1 welao + @) = HE?

Hat =Y. @aja = HY
H‘é; {the above} - ‘Zﬁ (da | a¢) + % (db | be) — (dc | ce)
H2 =Y2 @alao = HY

HAg _ {the above} T %_ (da | ag) — (db | be) — (dc | cé)

A Hpl= Hpl= Hgd= @f lef)
ngszh_Hz Az_HA:).N Af&:
5 Sagree  Hpl= -5 @71@ - (51
H =3 [5- @@ - (f1do |
A A A A
HB;=HB§=HB§=HB§—

HE2 =- Y3 arie
Hy? = @f |
Hyd =- @f |

A = abcdee Aq

B = faebcc HB1 - ‘%— df |ec) + (ef | do)

If

et =g @rle - @f |do |
HAL =VE[@s e -2 (s 1d0)]
g =2 asiw

HE = @ e

o2 =Y2arie

HE? =0

o =- 22 @s e

Hgg - %_ @y | ec) iml



468

5.

A = abcdee
B = eafbcc

Ny =4,
A = abcdee
B = cdeafb

M. YAMAZAKI

Hgl =- 1 @f ey + (ef | do)

A 171

Hit =55 @rie-rido]
HEE =V (@ e ~2ef 1d0)]

HE? =- - @f e
HA2 =- Y2 @r e

Asg _
Hpg? =

a2 =22 wr e

HEe =- 1 @f e
N =6 (ks =3, kp=9)
A - \/T_[@c [ef) = (ed | df) ]

Hpt = e[~ (C1h1 1)+ ef |ad) + (of |80) + (ef | co) + (ef | dd)

- (ef 1) +2(ef | PuPy) — (Pu f | €Pp)) = (@b | bf) = —5—(ec | of)
+ o (ed | df))

Hé; = \/ [{the above) + (eb | bf) ~ (ec | of) ]

HE = /5 [@ien) ~ @dn]

HL = 22 [~ (theavove) + (aa | af) + (@ | 6f) + — (@ | o)
+ 2 ea)]

HA = L[~ (theabove) - 2 (e | af) + @ | bf) + (@ | )]

H%? = 2 [ (the avove] — (ea| af) — (@ | bf) ~ (@ | cf) ]

Hﬁ; = %[{theabove} + 2l af) ~ (@ |bf) + - (e|ef)

3

ed | df)]
Hﬁg =\/2 [ (ec | cf) + (edldf>]

HE® = A/g [__ the above) — (ea | af) -+ —=— (eb | bf) — —>— (ec | cf)

- -4‘ (ed | df)] Triplet 3x9



A = abcdee
B = cdaebf

Ag
HFg,

Configuration Interaction Matrix Elements 469

=VT [—%ﬁ (the above) — %7 (eb | bf) + _}L_ (ec| cf)
v e an)]

=— ;;7 [{theabove} + (eb | bf) — 3 (ec | cf)]

II

VI (o ef) + (e df) ]
g

= -27\9/- [{t‘qeabove} —(ealaf) — (eb|bf) + - — (ec|cf)
- @lan]
= ygi?z[{theabove} +2(ea|af) — (eb|bf) + (ec| cf)]
= Vﬁ[{the aBove} —(ealaf) — (eb|bf) — *é* (ec | Cf)]
= \/f[{the above) + 2 (ea | af) — (b | bf) + —1 (ec | ef)
-5l dp)]
= \7 [{thc above} — (eb | bf) — — (ec | cf) — —1- (ed}df)]
- ——% [~ (the avove] +2 (ea | ) = (e | bF) |
= T[ {the above} + (eb | bf):]
- lz[{the above) -+ (eblbf)]
= V5 [l ef) + (ed | ) ]
= 3.\9/? [ (the above) — (ea | af) - (b |bf) + ‘}I‘ (ec | of)
2]
ig—[{the above} -+ 2 (ea | af) — (eb | bf) — 8(ec|cf)]

- 3\/,4[{the above) — (ea | af) — (eb | bf) — %ﬁ (ec | cf)]

<
©

E[{the above) + 2 (ea | af) — (eb | bf) — 2 (ec | cf) - 6(ed|df)]

- {the above} 4 (eb | bF) + fg- (ec | cf) + % (ed | df)

VE[(lef) - @ddp) ]

=Jg[(elhlf)+(eflaa)+(eflbb)+(ef|06)+(efldd)

+ (ef | ee) +2(ef | PaPo) = (Pof|ePo)} + (b |bf) + 2 (ecfef)

2] Triplet 3%9
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M. YAMAZAKI

HA1 —- j—?[{the above] + (@ | bf) ~ (e | cf) ]

et = 2 [elen - @ian]

oA =Y saian) + Lo (elen) - L@l an)

Hé; - {the above} + -?;)— (ealaf) + (eb|bf) + % (ec | ij
2 (e |dp)

4= 2 Galan+ L Gelen) - L @lan

= :/15 [{the above} — —g— (ealaf) —(b|bf) - “2" (ec | cf)
- 1 dp)]

=~ V8 lef) - | df) ]

- \—/%[{the above) — 2 (ea | af) + (@ |bf) ~ —>— (e | cf)
- @an)

{the above} + (eb | bf) —

9
2 (@|df)]

{the above} + (eb | bf) — 3 (ec | cf):‘

4(ealaf) + (ec|ef) + (ed | )]

Yl
[

= VIO eelef) + (ed | df) )
ll
5 [ {the above) = 2 (ea|af) = (@ |bf) + £ (ec | cf)
d

= V3 [scalar) + (@l ef) + (] )]

- ﬁ [{the above} — *2* (ea | af) — (b | bf) - 15? (ec|cf)

+ 5y (e df) ]

= 5 [ tthe avove) — (@ [ bf) = L | cf) - — (ed |d))]
= :/1? — {the above} + 2 (ea | af) — (eb | bf)]

3l
[{the above)} + (éb | bf)l
2 [{

the above} -+ (¢b | bf) | rf]}’ﬁplet 3%9



A = abcdee
B = cdafbe

Configuration Interaction Matrix Elements

Héi —vﬁ[(%lw’) + (ed[df)]

Hég = 2\/3 [@“\“ﬁ - = (ec|ef) + *(edldf)]

A2 = g [ (the avove) - % (ea | af) = (@ |bf) = 2 (@|cf)

-2 (|dp)]

s = 2 (@lan - Lo @lep ~2@|an)]

HES = »\—/13 [(the above) — ~2- (ea | af) ~ (@ | 65) ~ —2— (@[ ef)
- (e dp)]

Hég = {the above} 4 (b 0f) + _.i, (e ef) + -2 (ed |d)

Hgi - ,\ZE, [(ec lef) - (edldf>]

HEL = = [(C1h] )+ (ef | aa) + (ef |B0) + (of | ) + (¢f | dl)
+<ef|ee> +2(eflP Py~ (Po f | 6Py} - (ea | af) =2 (b | bf)
5 @l ef) + 5 (] dn)]

Ht = (/ [~ (the avove} + (ea | af) +2 (b | bf) + (ed | df) ]
HAt =3[~ @len + @lan)
gt =Y [a@@lap) - @ o) + @] df)]
H? =~ {the avove] + vé— (ea|af) + % (ec | ef) + 5 (ed | df)
HE =~ 5 [ala) + 5 @lef) -5 @ | df)
HA = Ql?[{the above} — _é* (ea | af) ~ = (ec|cf) = 2~ (ed | df) ]
=Yoo - @dp ]
152 = = (the avove] + (| af) = 2 (@ | bF) + 5 (ec | of)
5 | df))]
HA2 = Y2 (the avove] ~ (ea | af) —2(@ |bf) = 1 @ |f)
T Car)

I‘Ig§= é [{the above} — (ea | af) —2(eb | bf) + 2 (ec | cf)

471

— (ed | df)] Triplet 3%9
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A = abcdee
B = cdfaeb
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Hp2 = Y e lep) + (e | df)]

Hg}g - &g_? [alon) + L (@len) + L (| df)]

Ha2 = s [ lthe avove) — 1 (ealap) ~ 2= e lof) — 1o ed 4]
H =—@[4<ea|af>+<ec|cf>+<ed|df)]

A2 = /2 [ (the avove) — L aalap) ~ - (@ len) - 12 e ap)]
H =\71[theabove}—(ealaf)—-—(eclcf)—‘*(edldf)j

7748 \7%[ (the avove) — (ea | af) -+ 2(@ | b) + (e | of) + (ed | d1) ]
Hp? = 5[ (the avove) ~ (a|af) — 2 (| 0f) = (ec| ef) = (ed | df) |
" 7,62[ the above) — (ez | af) — 2 (eb | 0f) = (ec | cf) = (ed | d1) ]
ng = Y3 (o) + @] d) )

HE =23 [ @ian + 2L @ ef) - @l an]

HA3 = [ (the above) — L (el af) ~ L @lep) - - @ ldn)
Hgt =YE[-2@alan) + @lef) +aed | d)]

Hpt = 5[ (the avove) - L (aalaf) = - (@lef) = - (ed | d)]
Hp* =~ {the avove] + (ea|af) + 1= (oo | cf) + —5— (ed | df)

HAL = e[~ (@1 h1 )+ ef |ad) + @f |6) + (of | o) + (ef | da)]
+ (ef | 63)+2(6f|PaPa)—(P flePy)}) + (ealaf) +2(eb|bf)

(el ef) - 5 G| df)]

Hé; \71 [{the above) — (ea | af) — 2 (eb | bf) — (ed | df)]

A == /S [@len) - ilan ]

HE =vE [~ 2 (the avove) + L (ec|ef) + —1— (ed | df) ]
AL = L[~ (meavove) + 8 (ea | af) + (ed | d)]
H‘g; - %[ (the avove) — (ed | df) ] |_'fjllj_{it__§xg



A = abcdee
B = efabcd
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1-vz [ £ (the above) - ,L (ea|af)__ZL(ec|cf)+—112—<ed|df)]
L=V (e ef) - (e df) ]

- Vlg[{the above) + (ea | af) =2 (¢b | bf) + —L- (e | o)
+ =g (ed | df) ]
= V.2 [ - (the avove] + (ea | af) +2 (eb | bF) + —+— (ec |ef)

- edlap]

Az . [— {the above} + (ea | af) -+ 2 (eb | bf) — 2 (ec | cf) + (ed \df)]

—_ \/TE[(eﬂcf) + (ed\df)]

_2V6 [{the above} — -—g— (ec|cf) — ulllf (ed | df)]

<
©w|
V

{the above) — 3 (ea | af) — 2 (ec | ¢f) — (ed | df)]
—4V3 [{the above) — _;, (ec | cf) — (ed | df)]
(the above) — 3 (ea | af) — —jf— (ee | ef) - —Z— e df))
(the above) — (ea | af) — 2 (ec | cf) — —o (ed [ df) ]
— {the above} — (ea | af) + 2 (eb | bf) + (ec | cf) + (ed ldf)]

=1 [ {the above) + (ez | af) +2 (eb | bf) + (ec | cf) -l-(edldf)]
[ {the above} + (ea | af) + 2 (eb | bf) + (ec| cf) + (ed ldf)]

~ (ec | cf) - (ed | df) ]

Ag _2Vs [{the above} — 4% (eclef) - Ti— (ed | df)]

II

\{E[{the above) — 3 (ea | af) + 7 (ec | cf) — (ed | df)]

- _2_\9/6 [{the above) — —é* (ec|cf) — (ed | df)]

_ %;Sf [ the above) ~ 8 (ea | af) + (e | ¢f) + 5 (ed | dF)]

= {the above} + (ea|af) + —13—— (ec |

e

= 5 [Colan) - @109 [Tripiet 38

JUEERR—
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HEL = 2 [~ (1 h1 )+ (ef [ad) + (o 1) + (ef | e0) + (ef | dd)
+ (eflee) +2(eflP P,) = (Puf | eP)} - —5— (ea| af)
— (@ |bF) + 5 (| of) + 5 (ed | 1))

HpL = j3 [2 (the avove) ~ 2 (ea | af) ~ (@b | bf) — (ec | ef) = (ed | d)]

HA == JS[@en - @lan]

At = Y2 ((@lef) - @ |af)] = HES

Hpl=- Lt [@len-@lan] = Hat= HE? - Hi

ot =Y [@len - @la)] = HE?

Hpt =- gz (Celen-@aln] = Hpe

HA® = VT_O[ 2(eb |55 + (ec | ef) + (ed | df)]

HE2 =YE [~ @ o)+ L @lon +—<edldf>}

Héi - \72?[ the above} — (ea | af) — L (eb | bf) — -2 (ec | cf)

> (ed | df)]

HE? =23 [ @ion)+ L @len + Lo e df)]

HE? = @[ (the above) ~ L (ea | af) + S (@ |b5) ~ L (el en)
~ 4 (ed | dp)]

Hp?2 =5 [Clan + 1 @b - 2 (@lep) - 2 (ed|ap)]

Hp? = s (@len - @dn]

HAs = V2 [~ () af)'+%(eb 151) + % (ol cf) + & (ed | df)]

gi - 7% [{the above} = 1 (ea|af) — 1L (@ |bf) - ;‘ (ec | cf)

- ﬁ (ed | df)}

oA =Y [ @b+ _<ec|cf>+_<edldf>]

Héi - %[ (the above) + (ea| af) — —— (&b |bf) = L (ee | cf)

- *gﬁ (ed | d f)} l_’ul‘—;;m i



A = abcdee
B = feabcd

HE®

8

H

Aq
Hpl

Aq
Hpg,

HE? -

Configuration Interaction Matrix Elements 475

_1/?1[ 2(eb|bf)+(ec|Cf)+<edldf)]

5= 2 (@b = Lo (eelef) - Lo (eddf)

= 5 (@lan) - @10

= JE[- (@1 R )+ ef 1a) + (of | D) + (of | @) + (F | da)

" of 1o 2 |P £0 =P |9P0) ¢ 3 (ealaf)

+_f~ (eb | bf) + —5— (ec | c¢f) + —5— @dldf)]
= 7 [ (the above) - % @lef) = 1 (ed|df)]
=2 [@len) - @ian]
= V2 [@lef) - @@l ] = pas
= L elen - @lan] = BAL - HAZ = HA
= V2 (@ lef) - d1df) ] = HAE
= Je(Clen - @lian] = mae
= Y105 @ 05) ~ (@l of) - (ed | df))
= VO (@ 65) - L (@ len) - L ealan)
~ % [ ithe above) - —g_ (b |bf) ~ ~é~ (ec|ef) = —¢ (ed | df)]
= 2B (@bf) - L teelof) - Lo (lan)
— 2 [~ tthe avove) + 2 (ealap) + L@ |67 + T Ceolep)
- (ed | df))
T~ @lan - L @i+ 2 oelen) + Eeaan)
:\71?[ <ec|cf>+<ed\df>]
8 = V5 (Gl af) — -1 @1bp) - 1 (elep) - L] ap)]
— 2 [ithe above) - _} (ea | af) - -11? (e | bf) - —11; ec | cf)

— —y (ed | df)]

K

El@ibn) -5 len) -5 ilan] [ Trpleisxs |
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Ag
Hpg,
As
Hpg

Ag

H39 =

Np =

M. YAMAZAKI

= A/% [ - (the above) + 2 (| 0F) + —5— (ec | ¢) + 5 (ed | df)]
=2g~[@|w>———@mw>—7rewdﬂ]

(@ | bf) + (oo | of) + —5— (ed | 4F)
6 (ky =9, kp=9) (Omitted)

IV. Formulae of configuration interaction matrix elements for Quartet state wave function

3
S=_9__
( 5y
N A = 3 ]
A = abcdd
B = bdeaa
A = abedd
B = adebb
A = abcdd
B = daecc
A = abcdd
B = abcee
A = abcdd
B = becaa
A = abcdd
B = bdcaa
A = abc
B = efc
A = abcdd
B = edcbb
A = abcdd
B = eacbb
A = abcdd
B = ebdcc
A = abc
B = ebc
A = abcdd
B = aedcc
A = abcdd
B = aedbb
A = abcddee
B = edcbbaa
A = abc
B = bae
A = abc
B = eac
A = abcdd
B = dacee
A = abedd
B = abdcc

Np=3 (ka=1, . kg=1)

H% = (e | da)

Hip =- (e | db)

Ho = (e do)

H% = (e do)

H% = (de | da

HY =@ h|a) + (da|ad) + (da | bb) + (da | cc) + (da | dd) + 2 (da| P, P,)
~ (P,a|dP,)

H% = (ae|bf) - (e | af)

HS =— (a| av)

H% = de| ab)

HE =- (a | do)

Hp ={@iho+ @)+ @|co)+2 | PP - (Pye|aPy)
— (ab | be) — (ac | ce)

HYG =— (e | do)

H% = (ce| ab)

H% = (@] ea) - (eb | da)

HY —~{(clh|e) + (ce | ag) + (ce | bb) + 2 (ce | P, P,) — (Pae|apa)}
+ (cb | be) + (ca | ae)

HY —{(b1h|e) + (be | a@) + (be | cc) + 2 (be | Py Py) — (Paewpa)}
+ (ba | ae) + (bc | ce)

H% = (e | de)

H‘é =—{(d|h,1c)+(dc|aa)+(dc|bb)+ (dc | cc) + (de | dd) + 2 (dc | P, P,)

- (P | dPa)} Quartet 1 ><1



Configuration Interaction Matrix Elements A7T7

18 mh-we

B mh-

B mpe e

B e Hp=-(eldo

35 mh- e

B mfeciw

AU mf - i

A mpe-o

B e

A2m mf- o

B -

Bl Hp = eld

A mp-oe

A mie-cw

A - e

Al -

pRu Hip == {01010+ el an) + @e| ) +2Ge| PPy ~ (Pye|bP,)]
+ (ba | ae) + (be | ce)

BmE mpe-wiw

BlGe  Hp = @l

B i Hp = 0eldo

B hews  Hp=—{@Ih10) + @a|aw) + @a| W)+ da|cc) + @a| dd)+ 2 (da|P,Py)
- Pyalapy)

5 adivee  Hp = @) e) - @ | do

A = abcddee

B = cdeaay  Hp = @e) @) ~ (ea| )

5 Zbeaaee Hp =~ (ale) + a|do) [[Quarer 1 |
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A= doddee 1l _ (da o) — (ea | do)

£ doddec A (@b | eo) + (b | de)

£ o aoddee A —— (da | eb) + (ea| db)

fodedd g4 ={(d | 7| B) + (db | ag) + (db | bb) + (db | cc) + (db | dd) + 2 (db | P, Py
- (Byb| aPy)]

Loddd  gh - {(d | k| B) + (db | ag) -+ (db | bb) + (db | cc) + (db | dd) + 2 (db | P,P,)
- @b | dP)}

5 Zlocasry Hp =l ~ (ea| )

B ey HEp=- (el

5 lay  Hp=@l®

B G  Hp—-Celd

B s Hp=- @]

5l da Hp =@l

B s  Hp=- @eld)

5 Zlodas  HE =00

5 Cobas  Hp = (ol

5 Cdooaa Hp = 001dd

B e Hp=—(eldo

B daa  H5 = Celd

B = Gecas  Hip = (o) ) - (ea| )

5 e Hip = @10~ @] a0

£ e Hy = {01010 + Gelan) + el cc) +2 (e | PP, ~ (Pye|bPy)
— (ba | ag) — (bc | ce)

a4z Hp ={@1h10)+ (o] + (co| ) + 2 (e | Py Py) — Pye | Py
— (ca | ae) — (cb | be)

£z Hpg =={C1h|e) + (ce|ad) + (ce | ) + 2 (ce| PP, ~ (Pae| cPy))

— (ca| ae) — (cb | be) | Quartet 1x1 |



2.

N A= 3 3
A = abcddee
B = daefbcc
A = abcddee
B = adefcbb
A = abcddee
B = adebfcc
A = abcddee
B = deabfcc
A = abcddee
B = daebfcc
A = abcdd
B = afcbd

Configuration Interaction Matrix Elements
Np=5 (ka=1T1, kp=4)

HB1 =_\/—1,2:[(df|ec) - (efldc)]

Ha =z [@f e ~8es o)
HY, = 5@ e

oA, =YE@rieo

Ho =- 5@ 1@ - f @]
Hop == (@5 1@ -3es | )]
Ha, =5 @ )

H, =0

HA =5 [@f e - @rlao]
HA, == (@ 1e) ~3ef a0
HY, = @F [

Hp, =0

HE, =75 [@r e - r1a0 ]
Hp, =gz (@ 1e - f1a0)]
e, = @r e —acef a0
Ha =YE @rlew

Hfp =-S5 [@f e - @ a0 ]
Ha =- (@ e -3ef 1)
Ha, = o5 @l
e, =Y @i

A 1

Hp, = g [ ~l@1h] 1)+ @f |ad) + @F | ) + @f | e0) + (@F |dd)

+2(df | PoPy) — (Py f | P} + (da|af) + 2 (db|bf)

+ (de| ef)]

479
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A = abcdd
B = fﬂCdb
A = abcddee
B = afebdcc
A = abcddee
B = faedbcc
A = abcdd
B = dacfb
A = abcdd
B = adcbf

M. YAMAZAKI

-l
(-

1

— {the above}+ (da | af) + 3 (dc | cf)]

4 {the above} + (da | “f)]

I
< <J
&l

Nl

(da|af)

I

=\7%[{(dlhlf)+(df|aa)+(df|bb)+(de06)+(df|dd)

+2@f | PoPy) - (P f|dPy)} — (da|af) —2(db|bf) ~ (de| Cf)]

1
-

I
{

[— {the above}+ (da | af) + 3 (dc | cf):\

-

[~ (the avove) + 4 (da | af) |

<
wl

1
5

{the above}

“’J

@f | eo

|

@f | e) +2 (ef | do) |

S U <”H <
> mA |

K
&l

@f | e) - (ef | do) |

Il

| -

@f |eo

I

G\I‘H <

I

oS S

B
Tz @ 1e) +2f ldo)
il

@f | e0) = (ef | do) |

o g

I

(@F 1ed) - (ef 1do) ]

= 5 [(@I 1)+ @f | @) + @F | B) + @F | ) + @F | dd)

+2@@f | PoPy) — (Pof | APy} + (db ] bf)]

I

[— {the above} + (db | bf) — 2 (de | cf)]

o

It

o - 5k

= [~ (the avove) — 3 (da| af) + (0| bf) + (e | cf) |

o

[ {the above}+(da|af)+(db]bf)+(dc|cf>]

= 5 [~ l@IB1 )+ @F @) + @ |) + @F | co) + (@ | dd)

+2(@df | PoPy) = (Po f | dP)} = (@b | 1) ]

_ \7176 — {the above} + (db | bf) — 2 (dc | cf)] | Quartet 1 x4 I
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HE, = \/% [~ {the avove) + 3 (alap) + @ bf) + @eef)]

Hy, ==Y, (@alaf)
A = abedd A A
B = deccab;_? HB1 = HB

Ha, - @(dflef)
Ha, =- Y2 @sien

B Zadegy Hpy == VE @S len)

A A
H32=HB3=HB4=O

B doaee  HB, =0
HY, = J2[@r e - s 1do)
HE, = Jp@f e —acef|do)]
Ha, =Y @r e

A = abcddee A 1

B = dafbecc HB, = NI (ef | do)

HE, = J2[@rie -2 cerla)
HY, = 75 @r e
g, =2 @l

B St Hp, = g @10
e, = JEleria - 2@riew]
HE, == @l
Hy, =0

Aol ma =5 (@l + @ 1do]
e, - Ji[@r e - efia]
Hy, = Hp, =0

= 1 B —
Al Ha = 75 @ lef) Quartet 154
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A = abedd A 1
B —aderff Hp, =z @ leh

A 1
HBZ = \/*g(dflef)

A 2
Hp, =-y5 @flef)
Hp, =0
A = abcdd A

B o Hp, =5 [(@Ih]1 )+ @F |ad) + @F | ) + @f | o) + (@ | dd)
+2@f | PPy ~ (P f | dPY) - (da|af) - (@] 0F) - 2 (de| of)]

B e Hp, =5 [([@IR] D+ @F La) + @F |09) + @F | e0) + @F | dd)
+ 2

@f | PoP)) = (Pof | AP} + (de | cf)

Aemly v i -wio)

HE, = /S a@rie
A
H33=HB4=0

A = abcddee A

B = edree Hpg, =VZ[@f e~ (ef |do)]

|

e, = 2 er a0

A [ —
HB3=HB4=0 Quartet 1 x4
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bIiis mi-vilp@ie-ee]
HE, = @fle
A 1
Hp, =y @
Hg4 = \/E (af | ec)
fziste mf, - Jrorie

I{Bz = \76 df |ef)
1
A - arien

HA, =Y @flen

A = abedd A A
B =edlcuzc;)(i Hp, = Hp, =0
Hy, =- Y2 @f lef)

Aot md, - Jglorie o]
it - Jglr1o - 1]
HE, = 5[a0r1e - @ 1do]

A = abedd A 1
£ :abtciec;; Hpy, =5 @ lenH

HE = /S @sien
A
HB3 = H34=0

A = abedd A
4 :bazdc;; )24 B, = (df | ef)

<

o4 - g—(dfin)
A
'HB3 = HB4=0

B mh = Jylwimn - wion) G
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A = abcdd

B = fadbc

A = abcddee
B = dfabecc
A = abcddee
B = adbefcc
A = abcddee
B = fadebcc
A = abcddee

B = daebcff

M. YAMAZAKI

= JE[(@ 181 )+ @7 | ag) + @f |50) + @F | co) + (@ | dd)

I

Il

oS G

It

+ <{< QlH
[N ISR

<
o

It It Il

II

I
“lix

I

<

It

<lw <
o

I

IS

+2(@f | PaPy) — (Puf | dPY) + —5— (db | bf) + —5— (de | cf) )

o &l

(@ |b5) - (deef) ]

S aary

[y

I

= | — {the above}+ 4 (da | af)]

{the above}

(ef | de)

o

(ef | de)

3

Sk
) (o))

S @fle) - (ef 140

@f | eo)

2 [~ - @f ) + (ef | do) |

' -

df | ec)

o

df | e

V) (ef | de)

Tel(2w@r e + @r a9 ]

1

- g5 @S L e0) = (ef | do) ]

V2 [@rf 1ee) - (ef | do) |

[-{the above) — 3 (da | af) + (db | bf) + (dc | cf)]

[— {the above} -+ (da | af) + (db | bf) + (dc | cf)]

[{(dlhlf)+(dflaa)+(df\bb)+(deCC)+(df|dd)

(@F | PyP,) = (Po f | dP,)) - (da | af) ~ —5— (db | bf)

E Quartet 1x4



A = abcdd
= fdabc
A = abcdd
B = dfabc
A = abcddee
B = deacfbb
A = abcddee
B = daecfbb
A = abcddee
B = fdabecc

Hj

2

Configuration Interaction Matrix Elements 485
=- A/-2- @f | ef)

s lef)

I

o AL
]01] wi]

I

s lef)

ll

,2 (@ |bf) - (dc|ef) ]
= (-2 walan) + @b + e lop)]
Vv

= V[ (@I h]f) + @F | a@) + @F | Bb) + (@F | cc) + (df | dd)

+2(df | PoPy) - (Puf | 4P} + —5— (da| af) + —5~ (@b | bf)

)

= \v/25 {the above}

5 (@ 165) - e ef) |

- <’H

= | 2@alap) - (@|bf) - (e |cf)]

<

= 5 [~ 81@IRI )+ @F La@) + @F |80) + @F | o) + (df | dd)

+2@df | PoPy) = (Py f | dPy)) — (da|af) — (db | bf) - (de| Cf)]

= V.5 [ (the avove] ~ (da | af) — (@b |b) ~ (e | cf) |
i AL RICAEDY
—1—6[ @s | eb) ~ (ef | db) ]
= @ 1) —acer | an)]
= V5 @f | )
= s wri@ - erian)]
= = [@r 1) -3 s )]
= \7:2 df | eb)
= V5 (s )
- \/i? (ef | de) Quartet 1 x4
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A = abcddee
B = defbcaa
A = abcddee
B = fdacebb
A = abcddee
B = dfacebb
A = abcddee
B = fdaecbb
A = abcddee
B = dfaecbb

Il

It

e ef 1)
\71_3[3(df|ec) + (ef\dC)]
\éf_[ @f | o) + (of | de) |
0
V[~ @r e+ ef | da)]
= s [@r e —a(er d)]
,,f_ (df | ea)
- g ef | db)
~ e (ef 1)
;-/__ [3 df | eb) + (ef | db)]
[(df | eb) — (ef | db)]
5 (e | )
e (ef | db)
e[S a@r e+ f 1))
VB @f |
P ACALL
= = (ef | ab)
:/l_é[s(df\eb) +(efldb>]
\_/5_[ @f | eb) + (ef | db)]
ﬁ (ef | db)
- e ef )
\,/g_[(df |eb) = 5 (ef | )]
-V s e

M. YAMAZAKI

I Quartet 1 x4 I



A = abcddee
B = adecfbb
A = abcddee
B = fdaebcc
A = abcddee
B = dafebcc
A = abcddee
B = dfaebcc
A = abcddee
B = dfebcaa
A = abcddee
B = dafbecc

Configuration Interaction Matrix Elements

= g (eF | do

== g (ef 1do)

Il
|
o
Jo
—
oy
S8
\h
8
~
|
—~
)
<
g
—

= g5 @ | )
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Quartet 1 x4
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A = abcddee
B = abfdecc
A = abcddee
B = afcdebb
A = abcddee
B = fabdecc
A = abcddee
B = fbcdeaa
A = abcddee

= fdebcaa
A = abcddee
B = adebcff

A
Hg, =

A
Hy,

A
Hpg, =

A
Hpg, =
A
Hp,
A
Hpy,

A
Hp,

A _ 1
Hp, =

A
Hyg,

A
Hp,

A
Hpg,

M. YaAMAZAKI

_VE
2

\/L[(df\ec) + (ef | do) |

Slw@rie - @f o]
Hp, =0

5 [@r e+ eriap]
\/ [(df leb) — (ef | db)]

A GA ALY

=0

ll

Il

Il

S [@r 1) + (ef 1do) ]
\/_1, (@F o) - (ef 1do) ]
\73 [(df | ec) — (ef | dv)]
Vs

[(df | ec) — (ef | dC)]

Hp, = g5 [@F 1) + f | d)]

A
Hp,

A
Hyg,

A
'HB4

oy,
HE,
Hj,
Hp, -~
Hi,
Hf, -

A
Hp,

II

I

- (@ - ef 140
- T [@r e - (ef | da) ]
- V5 (s o) ~ (er 1 day

0

- ﬁ (ef | da)
T [3S e + (ef | da) |
V5 [(@f | ea) ~ (ef | da)]

=0 = H‘§4
J2@rien
- s @f L)

Quartet 1 x4 |



A = abcddee
B = deabcff
A = abcdd

B = abcfd

A = abcddee
B = acdfebb
A = abcddee
B = abcdeff
A = abcddee
B = adbfecc
A = abcddee
B = fadcebb
A = abeddee
B = fadecbb

Configuration Interaction Matrix Elements

A
W
3
I

— g4 o
aa, =2 asien
e, =-YE @sien

A

HBl=\/7[{(dlhlf)+(dflad)+(df\bb)+(df|60>+(dfldd)

+2(dflP P,) = (Pof | dPp)) - —5— (da | af) — —5 (db | bf)

5 @elep))
HE, = g @alan) + @05 +3(e|en) ]
HE, =- 913 (@atar) + 4@ 0p)
A VB

L=V [- 5 @F )+ (ef | ab) ]

HE, =S a@ria

Hp, = Hp, =

Hf, == VZ @slen

ng = H§3: H§14=0

Hy, =7 [- 5 @f e+ o ac) |
HE, = 77 @ |

Hf, = @ e

Hp, =0

Hip =5 Cf 1)

Hf, == [2@r 1)+ @r 1 an)]
Hf, == 7@ 1) - f 1y ]
g, == Y2 [@f 1) - s | a)]

hN
—

Hp, = gy ©f 1)

<
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“Quartet 14
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A = abcddee
B = dafecbb
A = abcddee
B = acdefbb
A = abcddee
B = adefbcc
A = abcddee
B = deafbcc
A = abcddee
B = fadbecc
A = abcddee
B = dafcebb

M. YAMAZAKI

A
Hp, =- \/6[2(dfleb)+(ef|db)]
A
oA, =@ e - @)
i, =2 (@i - @ 1ap)]

A __ 1
H31 =“\/‘§(ef|db)
oo = J2[- @i+ 2 s i)

A
HA, = % @5 1)

1
~ 3~ @f | ) + (of | db) ]

(df | eb)

@df | ) = (ef | do) |

S
‘SU b
<!
o))
/)

=@ 1e0) = (ef | do) ]
= [(@F | e0) —4(ef | do))

— (df | ec)

V6
A 1
HY, = g3 @ |e0) = (ef 1do) |
HE, =V (@1 - @rlao]

Hy, =- g @ 1) Quartet 1 x4



Configuration Interaction Matrix Elements 491

Hp, = J2[@ria -3 @ria)
A 1

Hpy == i @1
A VE

A = abcddee A
B = afbdecc H By

= [@r 1e0) + (ef 1 a))]
HY, = \7% [@r 1) = er 1de)
2 [@r 1) - s | ) ]

Bty Ha =- 5@ &) - @r1ap)

HA, == (@5 1a) - @ 1)
Hf, = 5@ 1) ~aGef |a)]
e, =YE @sie

A = abcddee A

1
B =daefer HB, =% [(df | eb) — (ef | db)]

Ha, =- g @i -3er )
HA, =- o5 @f )

Y, =~ V.2 @@

A = abcdd

B —aedf Hp,=V?2 (@ 17| £) + @f | aa) + @F | bb) + (@f | c) + (df | dd)

+2(df | PaPy) — (P, f | dP)) ~ —5— (da | af) — —5- (@ | bf)

- 5 @] ep)
Hp, = [@alap) + @ bf) +8(e|cf))
oa, = —1~[<da ) + 4| ]
a, =5 @eap
5. Ni=5, Np=5  (ku=4, kp=4

A Hyl—- {(flhIC)Jr(fCIaa)+(f6|bb)+(f0106)+(f01dd)k(ﬂlee)

© (el S1) +2(fe| PaPy) = Poc| fPO}+ —5~ (fd | do)
— (fe ] ec) I—Quartet 4x4 l
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A = abcdeffgg
B = abcfgddee

A = abcdeffgg
B = afbgeccdd

M. YAMAZAKI

HEt =~ YE[(d|do) - (el e) ]
Hpt = HE! =
A —- {the above} + 2 (fa|a) + 2 (fb|bo) + —- (Fd | do)

H33 =— {the above] + 7117 (falac) + % (fb | be)
a2 =YL (fa| )

HA4 =— {the above} + ﬁi)- (fa| ac)

H3) = H!

Hﬁi = (fd|ge) + (gd| fo)

HE® = HE® = Hg = (Fd|go) - (ed | fo)

I

A A A Az _
Hpl= Hgl= Hgl= Hg? = Hg? = Hg? =0
Ai_ Aj
HBJ': HB;
HB1 =— (fc| gd) +¥(g61fd)
H§;=V—3- (gc | fd)

HAL = VS (o) sy

HAi—o—HAz— HA3—H HA4“ A4
HBI——-(gCIfd)
Hég =_J;[(fc|gd)+%(gclfd>:l

mh - 2\/2 (el gd) + 2 (e | f))
ng - &%.% [(fc | gd) — (gc | fd)]
Has = L (gelad) - ol 1)

I‘IB4 =- (fe|gd) + (gc| fd) Quartet 4 x4



A = abcdeffgg
B = afbegcedd

A = abcdeffgg
B = acfdgbbee

A = abcdeffgg
B = afbdgccee

Configuration Intervaction Matrix Elements

HE! =- (eled + 5 (g 7d)

HaL =Y (o) 1)

B4 V5 () fa)

Hpl- Hy2 = Hpd = Hp - Hg* = Hpt = Hy
A2 =Y3 (o) fa)

HE? =+ [Ueled) + 2 (el 7))
a2 = 22 (el g + - (o0 1)
Ha? = 22 (el ad) - (ae | 1))
H? =- 3 [Ucled - (ec| D))
Ht = (el ed) - (gc | )

Hpl == (o1 g0) + 5 (b | fo)
At =~ Y2 @50

Hel= He = Hp2 = H - Hgt - Hi - H
Ha® =- Y2 (@] fo)

HE? =- - [Ublgo) + 5 (@ | 7o)
Ha2 =- 22 (01 g0) - (a0 7]
HA? == Y8 (@ 5o

s =- 22 (b1 g0 + L (@1 70)
H =+ [0l - @) 0]

Hgt == (b1 g0 + (| fo)

Hgl == (el go) + - (e0] O
aat=- Y2 el 0

HA ==V (g 5o

493

A4

Ay _
Bg

Quartet 4 ;<4 I



494

A = abcdeff
B = abcdfee
A = abcdeffgg
B = acfgebbdd

M. YAMAZAK1

HEL - HE: - HE - HEl - Hit = Hpt = Hh =

a2 =- Y23 @l fo

HE? =- = [(fel g0 + (g £9)]

a2 =- 22 (el g0) + L (g1 7))

HE? =- 2Y2 (el g0 - (o] 50

HyS = 5 [Uelgo) - (el fo)]

Hp* == (e | 2 + (ec | £O)

H§1 = [~ 1h10 + (el aa) + (fe | BB) + (fe| ) + (fe | dd) + (fe|ee)
+ (Fel 1) +2(fe\P Pp) = (Poe| FPD}+ —5 (fa| o)
5= (b 1be) + 5 (fe | ae) +2(7d | do))

Hj =fi[(falae)+(fb\be)+3(fCIce)J

Hat =YE [(ralad +a (b 10e))]

a4t =Y (o ae)

Hg; - {the above} + _1— (fa| ae) + -é—- (fb | be) -+ —-g— (felce)

Hp2 =Y2[(ala0) + 401 00)]

HE2 = YR (fa)ap

Hﬁg - {the above} + % (fa|ae) + % (fb | be)

42 =Y (ra|a)

Hﬁi — {the above} + % (fa | ae)

Hyi=Hp

Hgl=- Ubled) + L (@] sa)

A =Y5 @) 50y

HEl = HA1 = HA* - HA - mAt - HAt - HAL -

Hpz = V2 (@b fa) " Quartet 44



A = abedeffgg
B = acfegbbdd

A = abcdeff
B = abcefdd

Configuration Interaction Matrix Elements

495

mA2 = [l ed) + - (@] fD]

HA2 = 22 (0| g) - (ab| S

HAS =Y (@] 1)

oA = 22 (b et + - (@] S

g2 =1 [Ur1ed - @170

HA4 =~ (b gd) + (&b | Fd)

HE == (bl ed) + —— (@] fD)

At = Y3 @ | s

AL - HAL = B = HE - Ht = Hph = Hpl =0

HE? =V @) fd)

a4 = (Uvlad) + - @) 5D

A2 = 22 [l ad) - (@] 7))

mas =8 @5

A2 = 22 (o1 et + 5 (a0 | D)

HE = - [Ub1ad) - @] fd)]

HE* = (b 2d) - (| 7

HAY == [(F 111 D)+ (fd | ag) + (Fd | W) + (Fd | e0) + (FA | dd) o+ (Fd1ed)
+<fd|ff)+2(deP Py - (Pud| FPO| + 5 (Falad)

(b1 bd) + =g (feled) + 2(feled)

Hgt - \/T[(fal ad) + (£ | bd) + 3 (fe|ed) | == Hp?

ot = —?[(fa\ad)JréL(fb\bd)] — HE®

mit =Y ajay - HY

HfBlz - {the above} - % (fa | ad) — % (Fb | bd) — % (fe | o>

oae =—3{§[(fa|ad)+4(fblbd)]= oy " Quartet 4x4 |
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- V0 (fa|ad) = FHE
5= {the above} - 117 (fa|ad) - % (Fb | bd)

H
H
a2 =- VI (fajan) = e
HA

4 = {the above} - i (fa| ad)

ppapiei A HA1 —{F1R1D) + (b 1 ag) + (516 + (fb | ) + <fb | dd) + (fb | ee)

+ (oL +2(b | PaPy) — (Pob| fPa>} - WQ* (fd | db)
—5— (fele)

ot =V3[dian) - (el e ]

Al_ A2___ A4___

Hg? = HE*

A 3
maz =3 [(ra|a) - (Fe ) ]
H‘glj _ 1 {the above} + _2* (fe | cby — _é_ (fd | db) — % (fe | eb)

Héi -2V [{the above} — (fc | ¢b) ]

HE3 =S [a ) - (el ) ]

Hgg - &\3/2 [ (the above} — 2 (fa|ab) — (fo|b) — —5- (fd | db)
-l )

Hfgg - %’* {the above} + % (Fa | ab) + % (Fe | cb)

a2 =Y (o) )

Hat =Y (ra) )
Ht =- Y (a )

H‘gi = {the above} - % (fa| ab)

B ey Hpt=-{0 1810+ (Falaw) + (Fa10h) + (£d | ) + (Fd| dd) + (£ | 0

+ (FA1F) +2(Fd| PP — (Pod | 1P} + 5 (fa| ad)

g (0| ) + 3 (el ed) + 2 (Fe | ed)
Hg vg [<f“lad)+(fblbd)+3(fc|cd)]

gt = ,%é ((ralad) +4(rp 1)) I Quartet 4x4
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Hgi — \_/4F3 (fa| ad)

2 =~ {the avove] + L (falad) + Lo (o] bd) + -2 (e cd)
ng - %Z[(fa | ad) + 4 (fb | bd)]

2
H42 = V¥ (fa|as)

=<

H‘gz =— {the above} + % (fa|ad) + “%’*- (o | bd)
A 15

Hg? =V (fa| ad)

H‘gi = {the above}’ + —--Z~ (fa| ad)

A, A
Hp; = Hs;

C. IRREDUCIBLE REPRESENTATION MATRICES U(P)

I. Irreducible representation matrices U(P) corresponding to N =6, S =0
(12) 13
1 2 3 4 5 1 2 3 4 5
1 1 1 —-1/2/v/3/2
2 -1 2 |V3/2 1/2
3 -1 3 -1
-1 4 1/2 |V3/2
1 5 v3/2l-1/2
(14) (15)
1 2 3 4 5 1 2 3 4 5
—-1/2|-y/3/2 1 | -1/2 1/v/2 -1/2
2 |-v38/2 1/2 2 —1/2/1//6 1//8 -1/2
|
3 1/3 1v/2/3/V6/3 3 | 1/\/2] 1/1/6] 1/3 —\/’2_/6‘|-1/\/€
4 V2/38 -5/6//38/6 4 | —1/2 1\/3|-V2/6 1]/6 |-1/\/3
5 V6/3 \/§/6i—1/2 5 —-1/2|-1/\/6|-1/x/8| -1/]2
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(16)
1 2 3 4 5
-1/2 -1//2| 1]2 1
—-1/2|-1/\/6|-1//3] 1/2 2
-1//2|-1/\/6| 1/3 |-\/2/6/-1/\/6 3
1/2 —1/\/§—\/§/6i 1/6 [-1/\/3 4
1/2 |-1/\/6|-1)/3| —1/2 5
(24
1 2 3 4 5
-1/2[/38/2 1
V82| 1/2 2
1/3 1v/2/3-v6/3 3
V23| -5/6|-/3/6 4
—\/F/3:~\/§/6 -1/2 5
(26)
1 2 3 4 5
—-1/2 1//2] —1/2 1
—-1/2|-1/\/6|-1//3| —1/2 2
1/\/2|-1//6| 1/3 |-v/2/6] 1//6 3
~1/2|-1//3|-v2/6] 1/6 | 1//3 4
—-1/2 1//6| 1//3| =1/2 5

(23)
1 2 3 4 5
—-1/2|-v/38/2
—-/3/2 1/2
-1
1/2 |-/3/2
-/38/2 —-1/2
(25)
1 2 3 4 5
-1/2 -1/v/2| 1/2
—1/2] 1//6] 1/3/3] 1/2
—-1/\/20 1/V/6| 1/8 |=v/2/6| 1//6
1/2 1/\/§:—\/§/6 1/6 | 1//3
1/2 | 1//6 1//3| —1/2
(34)
1 2 3 4 5
1
-1
1/3 |-2v2/3
-2/2/3 —1/3
o -1

|N=s, 5-0 |




(35)

1 2 3 4 5
-1/2 V32
~1/2|-v6/3-3/6
—v€/3: 1/3[vV2/3
-/316/2/3] —~5/6
V82 1/2

(45)

1 2 3 4 5
-1/2 -/3/2
—-1/2 -v3/2
-1

-/3/2 1/2 o
-V'3/2 1/2
(56)
1 2 3 4 5
1
1
-1
-1
-1

]

Configuration Interaction Matrix Elements

499
(36)

1 2 3 4 5
-1/2 -/3/2
-1/2 \/F/an\/%"/e
V6/3 1/31v2/8
Vv3/6/\V2/8 -5/6
—-3/2 1/2

(46)

1 2 3 4 5
-1/2 | NETR>
-1/2 \/§/2'

-1
V32 1/2
V32 1/2

IN=86,85=0
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1

Irreducible representation matrices U(P) corresponding to N =5, 8 =—p
(12) (13)
1 2 3 4 5 1 2 3 4 5
—-1/2//3/2 1 | —1/2/-V/3/2
Vv3/2 1/2 2 |-v/38/2 1/2
-1/2|-/3/2 3 -1/2|-V3/6-6/3
-V38/2 1/2 4 -\/3/6 =5/6(/2/3
-1 5 -6/3v2/3| 1/3
(14) (15)
1 2 3 4 5 1 2 3 4 5
-1/2 -1/2] 12 1| -1/2 1/2 |-1/2
—-1/2| 1/2 | 1//3| 1/V/6 2 —-1/2| —1/2|-1/v/8|-1/\/6
1/2 —1/2‘1/\/§ 1//6 3 —1/2| =1/2| 1//3] 1/v/6
‘—1/2 1/7/3] 13 1/6 |-v2/6 4 1/2 |-1//3| 1//3] 1/6 |-v/2/6
1/V/2 1/\)“6“ 1/\/E—\/7/6! 1/3 5 |—-1/v/2|-1/\/6| 1// 6 —2/6| 1/3
(23) (24)
1 2 3 4 5 1 2 3 4 5
1 1| -1/2 -V3/2
-1 2 -1/2 -/3/6-6/3
-1 3 |-v3/2 1/2
-1/3|-2v2/3 4 -V 38/6 -5/6|v2/3
—2\/5/31 1/3 5 -V6/3 V2/3) 1/3
N=5, S=—p
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(25) (34
1 2 3 4 5 1 2 3 4 5
-1/2 V32 1 -1/2 V32
-1/2 V3/6 \/3/3‘ 2 -1/2 —\/§/21
V32 1/2 3 | V3/2 1/2 -
\V3/6 —-5/6/2/8 4 -V3/2 1/2
\V6/3 V273 1/3 5 -1
(35)
1 2 3 4 5
—-1/2 —-/3/2
-1/2 V3/2
-V3/2 1/2
V32 1/2
-1
(45)
1 2 3 4 5
) _
) .
-1
-1
_1h
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III Irreducible representation matrices U(P) corresponding to N =6, S=1

(12)

1 2 3 4 5 6 7 s 9
1 -1
2 ~1/3 |-2v2/3
3 -2/2/3 1/3
4 -1
5 1/3 -22/3
6 1/3 -22/3
7 - 223 —1‘/3
8 -22/3 -1/3
9 -1

(13)

1 2 3 4 5 6 7 8 9
1 —-1/2 | =/38/6| =\/6/3
2 | -v/3/6] -5/6| V2/3
3 | -/6/3| V2/3 1/3
4 1/4 V/15/12 —-/30/ 6
5 V15/12 | —11/12 -v2/6
6 1/3 V2/3 | -V6/3
7 -v30/6| —/2/6 -1/3
8 V?2/3 ~-5/6 | -v/3/6
9 -V6/3 -V3/6| -1/2
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(145

1 2 3 4 5 6 7 8 9

-1/2| V3/6| V6/3

V386 -5/6 | /2/3

V6/3 | /23 1/3

1/4 | —+/15/36 /30/18 | /30/18 |-2v/15/9

—15/36] 7/36 | 5/2/18 5/ 2/18 2/9 | -4/3/9

VR | svEns 779 | 279 | —vElo| —vE)9

}

V30/18 | 5/2/18 2/9 —-7/9 | =/2/9] =v/6/9

—2v/15/9 2/9 —2/9| =\/2/9| —-7/18| -\/3/18

-4/8/9] =\/6/9| =/ 6/9| —/3/18] —1/2

(15)
1 2 3 4 5 6 7 8 9
-1/2 -2/3 | V/2/38 | -v2/6 1/6
-1/2 -V'5/3| V3/9 V619 | —/6/18 -\/3/9 1/6

C12 | VN2 | 56 5vENS vE/9 | vEI9 | vE)s

-v/5/38| /10/12 1/4 | —/15/36] —/30/36/ ~/30/18 | ~/15/9

—2/38 | V3/9 | 5/6/36 —/I5/36 7/36 —5\/5/36| 5/2/18] —1/9 | 2v/3/9

!

V23| V6/9 | 5./3/18 ~\/3_0/86—5\/§/36| 1/18 -1/9 | 2V2/9| 2/6/9

-VZ/6 —\/"6“/18: V39 | /30/18 | 5:/2/18 —-1/9 | —7/9 | v2/18| V618

1/6 | =v/3/9] v6/9 | V15/9 | —1/9 | 24/2/9| /2/18| -13/18 | /3/9

1/6 NEYE 2/3/9 2\/"6“/9( V6181 /3/9 | —-1/2

|N=G, S=1 |
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(165
1 2 3 4 5 6 7 8 9
-1/2 2/3 | -/2/3] v2/6| —-1/6
-1/2 V53 | =V/8/9 —-/6/9] V6/18| /3/9 | ~1/6
o 7—1/2 —\/16/12l—5\/€/36—5\/§/18 -/38/9 -\/6/9 ~\/’2‘/;

V53 | —-v10/120 1/4 —\/1—5/36: —+/30/36 /30/18 | +/15/9

213 | =/3/9|-56/36 —~/15/36] 7/36 |-5v2/36 5/2/18 —1/9 | 2/3/9

-2/3 —\/3/9—5\/3/18\ —/30/36/-5/2 /36 1/18 —-1/9 | 2+/2/9| 24/6/9

V26 | V618 | —/3/9| /30/18 | 5/2/18) —1/9 | —7/9 | /2/18| /6/18

—-1/6 | /3/9 | =/6/9| v/16/9 | —1/9 | 2/2/9| /2/18| —13/18 | /3/9

—-1/6 | =/2/3 2/ 3/9| 2/6/9 V6/18| /3/9 | —1/2

(23)
1 2 3 4 5 6 7 8 9
-1/2 | =/38/2
-38/2 1/2

1/4 | —/18/4

—/15/4| —-1/4
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(24)
1 2 3 4 5 6 7 8 9
-1/2 | V/3/2
V382 1/2 \
-1
N 1)4 V/15/12 | —+/30/ 6 N
V1512 | —11/12 |-\/2/6
-v30/6| -/2/6| —1/3
1/3 | V2|3 | —v6/3
V23| —-5/6| —/3/6
-V6/3| =v3/6| -1/2
(25)
1 2 3 4 5 6 7 8 9
—-1/2 \ —-1/y/2 1/2
-1/2 \ 1/v/6 | 1/V8 1/2
-1/2 \ —\/16/4\ -/ 6/12) =\/3/6
—+/10/ 4 1/4 Vv15/12 | ~/30/12
-/ 6/12 /15/12 —11/12| V2 /12
-/ 3/6 \/%/mi V212 ~5/6]
-1//2 16 o 1/8 | =/2/6 176
1/2 H 1/4/38 -v/2/6| 1]/6 1/V/38
1/2 1//6 | 1/V3 -1/2

N=26,8=1
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(26)
1 2 3 4 5 6 7 8 9

1 —-1/2 1/v/2 | -1/2

2 -1/2 -1//6| —1//3] —-1/2
3 —-1/2 | V10/4 | V6/12| V/3/6

4 \/10/ 4 1/4 \/15/12 .v%/m

5 V6 /12 | \/15/12 | —11/12 | /2/12

6 V36 | v30/12| V2/12| -5/6

7 1//2 | —1/V/6 1/3 | =v/2/6| 1//6
8 —-1/2 | =1//3 -V2/6 1/6 1//3
9 —-1/2 1/8/6 | 1//3 | —1/2

(34
1 2 3 4 5 6 7 8 9

1 1

2 -1

3 -1

4 -1

5 1/3 | —2/2/3

6 -2/2/3| —-1/3

7 1/3 |-2/2/3

8 -2/2/3] -1/3

9 -1

iN=6, S=1_|
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(35)

1 2 3 4 5 6 7 8 9
-1/2 V32
~-1/2 | -6/3 =v/3/6

-1/2 -V6/3| -v3/6

-1

-V6/3 1/3 | v2/3

-\V/3/6 V28| -5/6
-V6/3 | 1/3 | V2/3
-/3/6 V2/8 | —-5/6

V32 1/2
(36)

1 2 3 4 5 6 7 8 9
—-1/2 ]—\/’3‘/2
—-1/2 V6/3 \/§/6’

-1/2 V63| V3/6
-1
' V6/3 1/3 | V2/3
‘ V36 V2/3| -5/6
V6/3 1/3 V2/3
V36 N Vv2/38 | —-5/6
-V'3/2 1/2
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(45)

1 2 3 4 5 6 7 8 9
~~1/2 -V3/2
-1/2 -V8/2

-1/2 -8/2
-1
-1
-3/2 | 1/2 N
-1
-Vv38/2 1/2
-V3/2 1/2
(46)

1 2 3 4 5 6 7 8 9
-1/2 NEYE
-1/2 V32

-1/2 V32
-1
-1
V32 1/2
-1
V32 1/2
V32 1/2
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(56)
1 2 3 4 5 6 7 8 9
1 1
1 \
1
-1
_y ‘
4 \
-1
-1
-1
IV. Irreducible representation matrices U(P) corresponding to N =5, §=3/2
(12) (13)
1 2 3 4 1 2 3 4
1 -1 -1 i
-1 -1/3 | =v/2/6| -v30/6
-1/4 | —/15/4 —-/2/6| 1112 | +/15/12
—+/15/ 4 1/4 -/30/ 6| ~/15/12 1/4
(14) (15)
1 2 3 4 1 2 3 4
1 —-1/2 | =/3/6 —\/E/mil —/10/ 4 -1/2 \/3/65 V612 | 10/ 4
2 | =/3/6| —-5/6 | /2/12| +/30/12 V3/6 —5/6\ \/5/12‘ \/30/12
3 | —v/6/120 V212 —11/12 \/"13/1—2 V612 | 212 | —1112 | +/15/12
4 l -/10/ 4| /30/12 | ~/15/12 1/4 V1074 | 3012 | /15/12 1/4

iN:B, §=-3_

2
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(23)
1 2 3 4
1 -1
2 -1/8 —2\/?/3
3 -2v/2/3| 1/3
4 -1
(25)
1 2 3 4
1 -1/2 | v3/6 | V6/3

2 Vv3/6 | —-5/6| /2/3

(35

1 —-1/2 | /3/2

20
1 2 3 4
~1/2 | -v3/6| -\/6/3
~V3/6| -5/6| V2/3
-V&/3| vZ/3| 1/8
—1
341
1 2 3 4
~1/2 | -v3/2
-v3/2| 1/2
- .
-1
(45)
1 2 3 4
1
~1
-1
-1
N-5, S=-3-






