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—Z_(Z )g( ) e, {11 - 1| E |2 -1 2 0 0 p=0 arimp @RZ+PZ'RZ)/4
T |3 0 -1 1 -l my g -

ey - ()] dii=e * | p,=(I+iR p R )4

., |3 o -1 - 1 [

2—(;( )g( 11+lp~ IR ~IR)

P =
((1+p IR IR -Ip-Ip +1i,+]i, +0r+0r,+0i +OR  +0r,+0r+0i+0R ~ +0F+0F+0R +0i,  +0F,+0F,+0R +0i,)
1 ip. R, Rz P, i-D, i, A, r, or, {0 R, r, 0r, 01i, liy r, UK Rx i r, [Ur, UR Ui
+1 8 +148 -1 & -1 +1 ¢+ +14¢ -1 ¢ -1 +1 ¢+ +1 4+ -1 & -1 +1 0 +18 -1 -1 +1 i +11 -1 1 -1 +1 1 4+1 -1 i-1)
1|{1{p RIR p|1ip R R r|1 p R R ir|1 p R R #[1 p R R #/|1|p | R R
+1§i +1% -1 -1 +1 ¢ +14¢ -1+ -1 +1 i +1+ -1 ¢ -1 +1 40 +18 -1 4 -1 +1 i +1 -1 -1 +1 i +1 -1 i-1
p/pi1 R Rip|lp 1 R R rjp 1 R R rj|p 1 R R &|p 1 RR F|p 1 R R
T8 -1 41+ [ -1 1 -1 i+1 | +1 [ -1 + -1 41 §+1 [ -1 -1 i+1 § +1 1 -1 4T 8+ 1 =T 41+
R |R R 1 p i, R,.R 1ip | R R 1. p i, |R /R 1 p R|R R 1 p R|R R i1 p
18- 41+ 1 -1T i1+ [ -1 &+ -1 i+1 & +1 T -1 41§+ “Ti-1 i+ i+ 11 1 i+
R IR R p 1 iR Rip 1 R|R R p 1 R|R R p 1 i |R R pi 1 i|R R p 1
Coset-factored sum:

Pz 24 8[(1) lpz +(1)°pxp24 +(O)'l’1p24 "'(O)szz4 +(O).f1p24 +(O)'l~'2p24]
Splzt—classes—ordered SUM.

2 = (1 1 +04+04+0+0+0+0+0+0 -lp-lp +1p. +0+0—IR_+0+0-IR +0+0+1i,+1i,+0+0)
4 X y z z z

4



Calculating P72p,7, 02%[0% 4 24 %) 0yt | g=l 17, R? i, C4 characters

"y Py, RL [ ;
P T - Al\|,C4 1 . . . Ag o4 % 1 \/DC'\J p04_(1+Rz+pz+Rz)/4
) 9 ‘l/l/= 1

=p, P =P'p, e

1 1 1 1 -
X Lon : | O | chalract?lfs | 13 —2mimy p @—iRz—pzﬂRz)M
EIC, | 1 I 2 ) i} p,=— e 4 Rf:< L

1,1,

- 4 4,09 —(1- R
z—(z ) g ( ) TlC, 1 - ]ij i -01 21 (1) ()1 p rimpp p24 1 RZ+ o RZ)/4
- - *m _ 4 . g
51Cy O 1 I dRp4 e p34:(l+lRZ—pZ—zRZ)/4
<30 -1 -1 '
2—(;5 g 11-ip LR, +iR) i
T, _
P~
1 - ‘R s _0)i iy _d : i IR -SRI > -
s(1-lp— iR _*iR, -0p, _Opy -01,-01, - 2'1.1"2 T, " é.ll_;.Ry or l'3+l é'lz'é Ry R 3'% R+ é.l6 EECR 2'1.4'5RxJr ; 1
1. P, R. RZ P, 0P, i, 01 I, r, A Ry r, il | i ﬁy r, i/ Rx i r, i/, R 7i,
+1 & -1 41 - +i +1 0 -1 i -1 |+ +1¢ -1 4 - +i  +10 -1 -1 i+ +18 -1 0 -1 i+ +1 ¢ -1 8 -1 i+
1 1 pz Rz l'iz px 1 pz Rz l’iz l~1 1 pz Rz 1’iz r2 1 pz Rz l~{z f1 1 pz Rz I‘iz f2 1 pz Rz Rz
1+ -1 14T i -1 Ry I I A N L By 1T i A
pz pz 1 liz RZ p y pZ 1 R RZ r4 pZ 1 RZ RZ r3 pZ 1 R RZ f.3 pz 1 l’iz Rz i;4 pz 1 R Rz
+i i-i i+ -1 A s i S A A A o (R | +ii - +10 -1 +i -1 i+ - +i -+ -]
Rz l’iz Rz 1 pz l4 Rz RZ 1 pz ll liz RZ 1 pz 12 liz RZ 1 pz l’ix l’iz Rz 1 pz Rx l’iz Rz 1 pZ
-+ AT +1 -+ -1+ -ioi+ AT +1 -i +i i-1 i+ -1 i 18 +1 i+ =T i+
liz Rz 1’iz pz 1 13 RZ RZ pz 1 Ry Rz l’iz pz 1 liy Rz 1’iz pz 1 l6 Rz l’iz pz 1 l5 Rz 1’iz pz 1
Coset-factored sum:

P\ =i(1p,  +(O)pp, +C)rp,  +(G)rp,  —(D)Fp,  —()Fp]

Split—classes—ordered SUM.
(1 +in+ir, “reir, SEF, +FAF, +0p+0p —Ip <R AR —/R R -RHR i, + 0040, L+ )
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Irreducible idempotent projectors Pty m of ODCy~TaDCy;
Factoring out ODCy subgroup cosets:

1C, = l{l,pZ,RZ,RZ} p.C, = {px,py,i4,i3} rC, = {rl,r4,i1,Ry} r,C, = {rzar’j’izvﬁy} rC, = {~1,1~'3aRx’i6} r,C, = {~2’f'4aRx’is}

Coset-factored Ai-sum.:

Pof(1)4 :112 [(1)1 + (1)-px + (1).r1 + (1).1-2 + (1).f-1 + (1).f-2]p 5 ) i p2mimpl4 -
Coset-factored Ar-sum.: Pn= 24 "= T
P2j§4 = (D1 +)-p, +(Dr, +(0)r, +()F,  +()F,Ip 5 , po4=(1+RZ+pZ+RZ)/4
Coset-factored E-sum.: _ »
E 1 1 | L . p14=(l+zRZ-pZ—lRZ)/4
]‘)()4()4 =1_2[(1)1 +(1)px +(_E)'r1 +(_£)'r2 +(_E)'r1 +(_5)'r2] p04 3

E | 1 1 N I\ ~ p24=(1'Rz+ pz_ﬁz)/4
P2424 :15[(1)1 +(1)px +(-£)'r1 +(_£)'r2 +(-§)'r1 +(-£)'r2] p24
Coset-factored Ti-sum.
PIZL = gl[(l)l +(O)px +(+§)'r1 +(+§)°r2 +(_é)f1 +(_é)f2] p14

P3jl34 = gl[(l)l +(O)px +(-§)'l’1 +(-§)'l’2 +(+§)'f1 +(+é)'f2]p34

p, =(1-iR_-p_+R )4

Pl = (D1  +CDp, +O)r, +(0)r, +(0)F  +(0)F,]p, Cyxi | g=1 R, p, R,
Coset-factored 1>-sum: u=0, | 1 1 1 1
P =1 +O)yp, +C)r, +()r, +C)F +()E]p, Lo b
P3I434 = 81[(1)'1 +(O).px +(+é)°r1 +(+§)-l’2 +(+§)'l~.1 +(+;)'fz]p34 24 1 -1 1 1

3, 1 - -1 -

P = I(D)1 +(0)p, +O)yr, +O)yr, +(O)F,  +(O)F,lp,

444

10 split projectors in terms of 6 coset sums



Irreducible idempotent projectors Pty m of ODCy~TaDCy;
Split-class-ordered Ai-sum:

POZ‘64 = (11 +Ir+le+1lr,+1r, +1F +1F, +IF+1F, +lp+lp+lp. +IR +IR +IR, +1l~{x+11~{y +1l~{Z +1i,+11, +1li+1i, +lis+1iy)
Split-class-ordered Asr-sum:
P, =, (1 +Ir+lr+ie+in,+IF +1F, +I&+I1F, +lp+lp+lp. -IR IR, -IR, -IR-IR -IR  -li-li, -li,~li, -li;~li)
Split-class-ordered E-sum.
P, =501 —r-r, -iror, SE-F,  -ESF, +1p+lp +lp, R R +IR, -R-R +IR, 11-§i2 +li, +1i,  -)i-i)
P/, = (11 —r-r, -rr, SEoF  F-F, +lp+lp+lp, R +R, IR, £ R +R - IR, +i+i, -li;-1i, +i;+i)
Split—class—ordered Ti-sum:
P&z (1 e, e, HRHE, -F -F, +0p+0p-lp. R 4R R +R 4R R Ji-i, +0i4+0i, i i
P37j34: S +Hor +ir, — 1=, —F—F i+ f +0p+0p -1p. +,R +R +iR +, 'R+ R —iR_ i1, +0i+0i, -1, -1
P/, = ;(1l1 +0+0 +0+0 +0+0 +0+0 -lp-lp +lp, +0 +0 +R, +0 +0 +HR  +0+0 -li; -li, +0+0)
Splzt—class ordered T>-sum:
P, = (1 +ner, -r-r, - F-F SRR +0p+0p -lp. R R R -R-R R+ i+, +0i+0i+i+ )i
P = (11 -r-r, #ror, +E+F FF +0p+0p-lp. R -R +R -R-R R +li+i, +0i,+0i,+i +, i)
P44 (11 +0+0 +0+0  +0+0 +0+0 -lp-Ip +Ip. +0+0 —IR~ +0+0 —lﬁz +0+0  +li,+li, +0+0)
10 split projectors in terms of 10 split class sums
O characters, 2imgp
O:xy | g=1 1y p,, RY. g dm“—eT

u=A | 11 1 11
4 |1 1 1

E |2 -1 2 0 0 1 i

=—>Ye
o3 o0 11 aPeTyl
T, | 3 0 -1 -1 1

Cy chamcters (

_1k/bC‘—\J

P, =(1+Rz+pz+ﬁz)/4
4

p, =(1+R -p_-iR )4

p, =(I-R_+ p_R_)/4

p, =(1-iR_-p_+R_ )4
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O0>2C, | 0 2, 3, [1'P"= + + + - P 1 3
4| 04 4 34 : (1:04 P, + P, + P;) where: B, = 3 e eMPRY
A C | 1I'P"=P +0 + 0 + O p=0
s L ) Summary of )
4,1C, | 1'-P>= 0 +0 + P24224 + 0 0-C, P, =(1+R_+p_ +R_)/4
E E E _ o T
E\I,C4 1 1 1-P = PO404 + 0 + P242 + 0 dlagOnal 14_(1+ZRZ P, ZRZ)/4
TiC, | 1 1 [1-P"= P(fj% 4 P1?14 + 0 4P 4 (ldempotent) Pz4=(1—RZ+PZ —R~Z)/4
\c 1 1l1Pph=0 +P° +pP" +Pr2 projectors p;, =(1-iR -p, +iR )/4
4 1,1, 2,2, 3,3, P
(a) ~ ~ ~~ = = /] ..
P, (02C) nnrity,  hLnt | PP, P, | RERR, R R, | iy i,
24P . 1 1 11 1 11| +1 @
The 047cluster
24 - P 1 1 1 1 -1 -1 -1 -1 -1
2,2, i16 134
E 1 1 1 1 ]
2w, 1] 4 | 1 1] 1 1| 4 () i sl
E 1 1 1 1 4,
12.P2424 -5 —5 1 1 +5 -1 -1| +; -1 PO4O4 +1 ilPO 0, P _1
8P - + 0 -l - ~i +i| -5 0
T l I 1 . . 1
8’P34134 +§ ) O —1 +§ +1 —1 ) 0 PTl O
0,0, ——
8Py, 0 0 | -1 1 0 L1l o @) T
i i 1 : . 1 £
8- P44 +5 —3 0 -1 —3 B +2 0 P04o4iz.{;’
8'P34234 -3 + 0 -l -3 +=i| 45 0 -1 POT‘O
44
T?
8P 0 0 -1 0 =L =00 b g Mol Sei 14, 7142013)pdf p67
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5 class sums (Each commutes with all 24 operators in O)

R . 13 lm /4
0: 5 | g1 ‘~'1-4 - g where : P,, Z > e RY
O characters f_y R, p=0
g u=4 | 1 I I 1 I p04=(1+RZ+pZ+ﬁz)/4
S 4, |1 1 1 -1 -l . -
> p, =1+iR_-p -iR )/4
= E |2 -1 2 0 0 p =1 ]
= 7 30 -1 1 -1 ! p, =(1-R_+p -R)/4
T 3 0 -1 -1 1 . . p,=(1-iR_-p_+iR)/4
10 split-class sums (Each commutes only with all 4 operators in Cy) ‘
(@) 2~ _ y ~3 4 5 - 6 - 7 8 9 ]0
Pn4 4(O DC)| | i, RERE, | P, p, P, | RRRR R R |iLil i
24-1)010 1)1 1 11 1 L 1] +1 (3]
The 047cluster
24 - P 2| 1 1 1 1 1 -1 -1 -1 -1 -1
2,2, i16 134
E 1 1 I 1 /
287 3|1l - -3 | 1 -1 IS T @ split split
< E 1 1 1 1 A
% 12°P2 2 4 1 ) ) 1 1 +§ —1 —1 +§ —1 PO4]O4 +1 —IPO 0 P
.§ i i 1 : . 1
% 8 P44 5 1 —3 +§ O —1 +§ —1 +1 —3 O
8-" I I 1 . . 1
S 8°P34134 6| 1] +3 —> 0 -1 +5 +i - | —3 0 pf 0
0,0, —
.ph _ ==
8B, 7| 1] 0 0 11 0 L1 0o () :
r, [ i 1 . . 1 E
8.P1414 sl 1] +5 —> 0 -1 —> —i +i| +5 0 Po4o4 __1/2
) i i 1 : : 1
8'P34_4 9 1 _j +§ O —1 _j +1 -1 +§ O _1 P()7;104
8-P>, 10/1| 0 0 | -1 1 0 -1 -1] 0 1
444

+1



5 class sums (Each commutes with all 24 operators in O)

R ) 13 zm /4
0: 5 | g1 ‘~'1-4 0. 7 i where: P,, "2 2 > e RY
O characters f_4 R, p=0
g =41 1 1 I 1 I r p04=(1+RZ+pZ+ﬁz)/4
S 4, |1 1 1 -1 -l . -
> p, =1+iR_-p -iR )/4
= E |2 -1 2 0 0 p =1 ]
5 T 30 1 1 -1 ! p, =(1-R_+p -R)/4
T 3 0 -1 -1 1 . . p,=(1-iR_-p_+iR )/4
10 split-class sums (Each commutes only wzth all 4 operators in Cy) ‘
@ 2 3 4 5 6 . 7 8. 9 10
Pnj‘4(0 DC) | Y| il Rinr | p.p, P, | RR, R R, R R |ibii, L, .
Adding rows of
. 1 .
24P, ] 1] 1 R N eigenvalue table
24-P" > 1 1 1 1 1 1 1 1l -1 1 _1 collapses it back
444
z 1 ) 1 to O-characters
< E 1 1 1 I
§ 12°P242 4 —3 ) 1 1 +§ —1 +§ —1
Sogph s[1] - +i 0o -1 +1 i +i| -1 0
§ 1, ) 2 2 2
= T i i 1 1
= 8 P3413 6 3 +5 O —> 0= 1—1 +5 1 +i -1 ——-1 0
8P 71| 0 0 | -1 1 0 I 1] 0 -l
4
I i i 1 1
8'P14214 8 1 +§ —z 0 —1 —z —1 +1 +§ 0
1, I i 1 1
8'P34A34 9 3 ) O +§ O- 1—1 5 = 1+l —1 +§1 O
T
§-P,, 1011 0 0 -1 0 L= 0 T aersei 14, 71402013)pdf p67
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Preceding development of irreducible C4-projectors and split sub-classes.:
PY = pm4P“ = P“pm4

m4m4

...uses left-coset combinations... __...and projector “factoring”...
1C,=1{Lp,R R }. p.C,={p.p ,i4,i3}, r1C4:{r1,r4,i1,Ry}, r2C4:{r2,r3,i2,Ry}, f'IC4:{€1,f~3,Rx,i6}, P,C, = 1F,.F,, R i, } -




Preceding development of irreducible C4-projectors and split sub-classes.:
PY = pm4P“ = P“pm4

m4m4

...uses left-coset combinations... __...and projector “factoring”’...
1¢,=1{Lp,R_ R} . pxC4:{px,p ,i4,i3}, r1C4:{r1,r4,i1,Ry}, r2C4ir2,r3,i2,Ry}, f'IC4:£1,f~3,Rx,i bEC ={E. LR )

C,-Split subclasses : I:l:l,l:{l'l,l’z,f’3af4}a{f19f2’r3’r4}:|’|:

O-subgroup operators
C,={Lp.R_R_}

={LR’R R’}




Preceding development of irreducible C4-projectors and split sub-classes.:

o u_ pu
Pm4m4 - p’”41) =P pm4 . T . »”
...and {]9r0]~ect0r ‘factoring”...
F.R i, BC, ={F.F.R i} .

...uses left-coset combinations... )
1¢,=1{Lp,R_ R} . pxC4:{px,p ,i4,i3}, r1C4:{r1,r4,i1,Ry}, r2~C4ir2~,r3,i2,Ry}: PC,={F,F.R
P00 [ (RLR LR R LR LR [ 4,,0000, ) i, ]

C,-Split subclasses : [1],[{r1,r2,f‘3,l~'4}a{f’pf’zar3>r4}]’[

||i3 |
C R R

|

W

O-subgroup operators
¢, ={Lp.R_R_|
= {1,Rj,Rz,R§}
cannot transform

sub-class operators
{r,r,,f I } into

{fl,f’z,l’3,l’4}




Preceding development of irreducible C4-projectors and split sub-classes.:
PY = pm4P“ = P“pm4

m4m4

...uses left-coset combinations... __...and projector “factoring”’...
1¢,=1{Lp,R_ R} . pxC4:{px,p ,i4,i3}, r1C4:{r1,r4,i1,Ry}, r2C4ir2,r3,i2,Ry}, flc4={]§1,f~3,Rx,i bEC ={E. LR )

C,-Split subclasses :[1].[ {r,.r, k.8, } .5 r.r L {p0p, (o) [ (RGRLR R LR LR B[ 4,0000, ) i,

O-subgroup operators
C,= {l,pZ,RZ,ﬁZ}

:{I,Rj,Rz,Rj}

cannot transform

sub-class operators

{r,rr,r | into
{F,r,r r,} or

P,»p, ; 1nto {p_j




Preceding development of irreducible C4-projectors and split sub-classes.:
PY = pm4P“ = P“pm4

...uses left-coset combinations... e __...and projector “factoring”’...
1¢,=1{Lp,R_ R} . pxC4:{px,p ,i4,i3}, r1C4:{r1,r4,i1,Ry}, r2C4:{r2,r3,i2,Ry}, flc4={]§1,f~3,Rx,i bEC ={E. LR )

C,-Split subclasses :[1],[{r,.r,. 8., 1 {F.Err ) || 0.0, 40} | (RRR R VAR VAR Y| fi,dyip0i ) i, )]

O-subgroup operators
C,={Lp..R_R_}

={1,R’,R R’}

cannot transform

sub-class operators

{r,r ,r,r } into
{f,r,r,r,} or
P,-p, } Into {p_j
or {R ..} into{R_}

or {i,i,...} into{i,}

elc....
(O does all that easily!)
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FT IR ond Loser Diode Spectra

K.C. Kim,W. B. Person, D. Seitz, and B.J. Krohn

J.Mol. Spectrosc. T6, 322(1979).
Primary AET species mixing

THCreases with distapce from

(a) SF, ¥, Rotational Structure .

WwWWM“WWWWM

: : Emun"_ ﬁfuun-' i0entt ,__l._ o= * separatrix .
— - P88)
SF6 1;-3 meuu’m -] T
-- **""wm*-‘w'wwuw' Yless \ ~X -
Four fold :l::_-:.# ‘____'.'..;._::__" _______.--'j-ﬁﬁ“",r ;J.lra;: _ " r _,m.l cinge | WJ,:":? Qﬁ:ﬁhﬂﬁ ""--.._-,__;"‘H:;: _::_\___I
=== peaes g J 8 T go— 181 g2 83 84 85 86 87 88
(c) Superfine_Structure (Rotational axis tunneling) /BN i = M
F-—-ﬁﬁ;:‘:f"" s LN e g , |l
88 87 86 85 84 83 82 81 80 79 78 77 76 75 74 73 <271 R} hery mmr{*ﬁ:nﬁ:m
b e 150t 072Hz 7 WHz L |12 M — 1|
i B AT . 20 035kHz [T ] - !
e’ 650 He | 9u0 “Hz E 27He [EFA,L 1 ﬂwwﬂm e
nﬁ“mmE'_ﬁ'm =N E’ 4Hz | &% | L 7 kHz % W] [ B.2MHz [T2
E'ﬂ i | AE 14 L
¥ p——t W !

|

- ATE A T I
| L—#EH_

e
Observed repeating sequence(s)...A T E T,-,T1 ET,A, T,T

-+

0-C, (0); (1 (2), (31,
AI | . . .

Local correlations explain clustering... :
.. but what about spacing and ordering? ... o, B

EjJl I - E |- | |

...and physical consequences? 2

T, | | | [ 1 | |

Int.J. Mol.Sci, 14, 714(2013)




Cy4 Subgroup-defined tunneling parameter modeling
Table 11. Splittings of O O C; given sub-class structure.

ODCy || 0° r,120° pn180° R,90° 1, 180°
0, rr = Reryazy R, = ReR, 1] = 11256
my = Im 7934 I.=ImR, U1 = 134
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Table 11. Splittings of O O C} given sub-class structure.

ODCy | 0° r,120° pn180° R,90° 1, 180°
0, r1 = Rerjgay R, = ReR, 1] = 11256
my = Im 7934 I. =ImR, U1 = 134
ol = || 90 +8rp +2pzy + p. | +4R4y + 2R, I+Tz'1‘|+7z‘n'
cor | 9 0 ~2py + P +2R, [—2in
€04 90 —2r] +2p2y +p. | 2R,y — R, ‘—22'1 |+ 2iy]
14 : .
1. | 9 +2my ~ps | ~Rey—2L | [+2i |
el | 9 —2my —p: | +Rey—2L | |=2i1 ]
24 :
53;1 90 —2ry +2pzy +p. | +2R,y — R, |+2i1|— 2217
€94 90 0 —2pzy + P2 —2R, +2iyy
N 9o +8rp +2p4y + P2 | —4R4y — 2R, \ﬁl — i
34 ) Int.J.Mol.Sci, 14, 714(2013).
834 Jo —2my —p. —R,, + 21, + 213
est | 9o +2my —p: | +Ray+2I | —2i



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=69

Cy4 Subgroup-defined tunneling parameter modeling

Table 11. Splittings of O D C) given sub-class structure.
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C3 Subgroup-defined tunneling parameter modeling

Table 12. Splittings of O D C}3 given sub-class structure.
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Irreducible nilpotent projectors Pty ,
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Irreducible nilpotent projectors Pty ,

Fundamental Pty , definitions: g (from Lecture 6 p.34 and p. 50)
1) P sP! =D" (g)P" 2 D! = D"
( ) mmg nn mn (g) mn ( ) 8= 2 ; (g) ( mn OG E (g)g

Problem: Need to derive both Pty , and D", »(g) for unequal (m=n) values.
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Solution: First use Pty in (1) to get something proportional to P#,,, P oP’ =(NP,
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u u u u u u l w*
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Problem: Need to derive both Pty , and D", »(g) for unequal (m=n) values.

Solution: First use Pty in (1) to get something proportional to P#,,, P oP’ =(NP,
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Then find D#,, ,(g) by operator transformations: gP . = E D, (g)P,,
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Fundamental P", ,, definitions: oo o G
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Problem: Need to derive both Pty , and D", »(g) for unequal (m=n) values.
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Then find D#, »(g) by operator transformations: gP' = E D/, (g)P,,

k
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Fundamental P", ,, definitions: oo o G
()PP =D (@P, () g=Y>DL@P, () PL=c-YD(2e
u m.n g
Problem: Need to derive both Pty , and D", »(g) for unequal (m=n) values.
Solution: First use Pty in (1) to get something proportional to Py, w (P gPl = ()P
Then find D#, »(g) by operator transformations: gP' = E D/, (g)P,,

k
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by subgroup-chains ODD,DCy, D2, or Cs applied to eigensolutions of On-tensors T41+T16]

Review [dempatentprojector SplitS P'um,m OfOD C4 PEpor PE22, PTigg, Py, P20, P2y,

Review Coset factored splitting of projectors for OD DDy into split classes and level structure
Hamiltonian level cluster models with subgroup-defined tunneling parameters
Diagonal idempotent Pty parameter sets @r 0D Caand 0D () case of SFs level clusters

/-

Off-diagonal nilpotent P, , (m=n) parameter sets needed for (0> C>|clusters

Deriving nilpotent projectors Pty , and ireps D'y, by fundamental g=Pty, , relations.:
(@) Pl 8Pl n=Dtpyn(@)Pmn  (b) g=3yEmnDVmn(8)Pmn  (¢) Plun=(01/°G) LD 1n(g)g
Review of nilpotent projectors for simple D3;DC>~ C3,DC, chains (Lectl3p95 )
Calculating and Factoring P10, and P11},3,



https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-13-2.26.18.pdf#page=95

Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
E|2 -1 o0 =§(21“"r2)

a

First do C> = {1 i3} splitting:

1 . 1 2 . . .
PoiOz—P Py, = 1@1-r-r* )y (1+iy) = s 21l-r-r’-i, —i, +2i;)

1 .y 1 . .
Plglz =P p12=§(21—r—r i(1—13)=5(21—r—r2+11+1 - 2i,)

Then find nilpotent proportional to: PEO —PEpl TPy,




Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xii | xit x X
a=A4 | L 1 11 Gijven: PE=%(2c1—cr+O)

@ 1 2
a=E | 2 =1 0 =3(21-r-r")

First do C> ={1,i3} splitting:

1 2 1 L] 1 2 [ (] °
1 2 1 L] 1 2 o o °

Then find nilpotent proportional to: Plioz -p* P, TPy, = P’

r +rl3
1 r +ri,




Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xii | xit x X
a=A4 | L 1 11 Gijven: PE=%(2c1—cr+O)

(04
1
a=E | 2 =1 0 =§(21“’"’2)

First do C> ={1,i3} splitting:

1 1 L 1 o ° o
1 1 L4 1 ° ° °

Then find nilpotent proportional to: Plioz -p* P, TPy, = P’

r +rl3
1 r +ri,

r +l'l3
1 r +1,
[J [ 2




Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xi | xi* x° xi
a=A |1 1 1

a
a

Given: P%= %(ch —-c¢, +0)

E | 2 -1 0

1 2
=3(21-r-17)

First do C> ={1,i3} splitting:
1 1 . 1 . . .
Pob;oz=PEp02=§(21—r—r2 21 +i3) = £ (21-r-r’ i, i, +2ij)

1 1 . | o . o
pt =PEp12=§(21—r—r2 2(1-i)= 2 (21-r-r’+i, +i, - 2i;)

bl
Then find nilpotent proportional to: Plioz -p* P, TPy, = PY 2

E 2 . .
or. P1202= (7)) (r-r -1 +12)

r +rl3
1 r +ri,

r +l'l3
1 r +1,
[J [ 2




Irreducible nilpotent projectors Pty , (m=n)

Review of D3;DC2~ C3,DC, P, = 2 D,,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
E|2 -1 o0 =§(21“’"’2)

a

First do C> ={1,i3} splitting:

1 251 . 1 2 . . .
Pob;oz=PEp02=§(21—r—r S(L+1iy) =z (21-r-r’~i, ~i, +2i)

1 . 1 . . .
pt =1>Ep12=§(21-r-r2 2(1-i)= 2 (21-r-r’+i, +i, - 2i;)

)
Then find nilpotent proportional to: P
or: Py =()(r—-r’ =i +i,)

150 ,
22 7‘ conjugatlon (r r2 xr*i=r lf—ll,lz—lz)
ET _

r +rl3
1 r +ri,

r +l'l3
1 r +1,
[J [ 2




Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
E|2 -1 o0 =§(21“’"’2)

a

First do C> ={1,i3} splitting:

1 1 . 1 . . .
Poioz =PEp02 =2 (21-r-r’) (1+i) = s (21-r-r’—i, -i, + 2i,)

E E 1 2314 sy 1 2 . . :
P1212 =P p12=§(21—r—r 5(1_13)= 5(21—1‘—1‘ +i +i, - 2i5) r +ri,
Then find nilpotent proportional to: P1E02 =PEp12 rpy, = P* %% 1 | r  +rig
E 2 : .
or: P, =@)(r-r"-i+i,) -iy | —i,r  —i;ri;
2 T conjugatlon (r'=r’,r*'=r,i/=i,i}=i,)
Et _ pr
SO: 1)1202 = PO212 = (9) (I‘ —-I - l1 + 12) Definition (1) 0202
. . E 2 2 .. 2 .
gives equation for (?)-factor: Po 1, P1202 P0202 =) (r-r =i+iy )(r'-r-i+ 12)

1202

r +l'l3
1 r +1,
[J [ 2

E
(r) 1202_1) P, P,



Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
a=E | 2 =1 0 =§(21“’"’2)

First do C> ={1,i3} splitting:
1 1 . 1 . . .
Pob;oz=PEp02=§(21—r—r2 21 +i3) = £ (21-r-r’ i, i, +2ij)

E E 1 2\ 1 . 1 2 . . C o\
l)1212 =P p12=§(21 —r =17 )y (1-1y)= g (21-r-r"+i; +i, - 2i,) il r +ri, ( r +ri,
Then find nilpotent proportional to: Plioz =PEp121‘P02 =P* %% 1 r  +ri, =% Pl 1 | r +i,
E 2 : . . . e
0 T conjugatlon (r —r2 r*f=r Q—nl,n;-nz) L e eee—————— S
Et _ :
: . E 2 :
gives equation for (?)-factor: Po 1, P1202 P0202 = ()% (r* -1 —i +i,)(r-r 11 +1i,)

=l21-r-r* i, -i, + 2i3)=(06 =3)(Dg 0, (D1+Dy o (F)r+..)



Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
a=E | 2 =1 0 =§(21“"r2)

First do C> ={1,i3} splitting:
1 1 . 1 . . .
Poioz=PEp02=§(21—r—r2 21 +i3) = £ (21-r-r’ i, i, +2ij)

E E 1 NP 2 . Cy
l)1212 =P p12=§(21 —r=17)y(1-i3)= g (21-r-r"+i, +i, - 2i;) / r +ri, ( r +ri,
Then find nilpotent proportional to: Péoz =PEp121‘p02 -pP" %% 1 r  +ri, =% PE 1 | r 4,
E 2 | I I ..
or: P1202 (7)(r-r .—l1 +t12) ( 2 2t i ] ) 1 e T Bl £ B F4 € —iy | i _p2
r =r .,r = i, =1 ,l =i D e e e mmmmmmmmmmmmmmm————
Et f co?njuga on: b2 . Note diagonal DF
SO: P1202=P0212—(-) (r’ -r—i, +i,) . D(fzoz(l) 1
. . E 2 .\
gives equation for (?)-factor: Po 1, P1202 P0202_(?) (r -r-ij+i,)(r-r 11+12) : / 0202(1‘)—-—
2 . . . * *
=(21-r-r’—i i, + 213)=(06 =§)(Df2 02(1)1+Df 0, (M +..)



Irreducible nilpotent projectors Pty , (m=n)

. u
Review of D3;DC2~ C3,DC, P,

Dyiye | xi X% X

a=A |1 1 1

oa=F

2

—1

0

First do C> ={1,i3} splitting:

E E 1 2
PO202 =P Po, =;(21-r-r

Given: P%= %(ch —-c¢, +0)

1 2
=3(21-r-17)

1 . 1 . .
3 (45 = g (21-r-r i, ~i, +2iy)

1 NP 2 .. D\
Py, 3(21-r-r")5(1-i3)= £ (21-r-r"+i, +i, - 2i;) ( r +ri, ( roo+ri
Then find nilpotent proportional to: P1E02=PEp12rp02=PE %% 1 | r  +ri =% PPl 1 | r o+,
E 2 : .
or: Py, = () (;; onjog +t12) (r'=r2r?foril=i,il=i,) AN B A -iy | -ip -1
conjugation:(r'= =r,i, =i,,i,=I R,

Bt ?J 8 b2 . Note diagonal D~

SO: P1202=P0212—(-) (r’ -r—i, +i,) DL (1)=1

. . E
gives equation for (?)-factor: F P, =P,

PE. = ()%

050,

0515 1505 ~ 040,

S I O
w2 | 41 or i, 4
: 2 3
or | -rr +1 o+, -i
3 1
+i +1 i -r* +1
2 3 1 )

______________________--______________-__5 0202
=(21-r-r’—i i, + 2i3)=(06 =)Dy . (D1+Dy o (1) +...)

0202

(r)=-3

050, 050,



Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC, P, = 2 D,,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
a=E | 2 =1 0 =§(21“’"’2)

First do C> ={1,i3} splitting:
1 1 . 1 . . .
Pob;oz=PEp02=§(21—r—r2 21 +i3) = £ (21-r-r’ i, i, +2ij)

E E 1 241 ey 1 2 L .y
l)1212 =P p12=§(21—r—r 5 (1=3)= g (21-r-r"+i +i, - 2i;) / r +ri, ( r +ri,
: : E E E11: : :
Then find nilpotent proportional to: P, o =P"p, rpg =P~ 55 1 | r  +ri =% PPl 1 | r o+,
E 2 | : ..
o P, =(r(r-r =1, +t12) ( 2 21y il i il=i,) AN B A -iy | -ip -1
ation: (r'=r =r,i,=1,,i =1 e
Bt T CO?nJ " bz . Note gkhagonal DE
. . E 2 .\
gives equation for (?)-factor: Po 1, P1202 P0202 =(7)%(r’ -l’—11+12)(l‘1‘11 +12) / 0202(r)_'_
' o _ 2 o . . * *
T =41t =r? =i, =y 4 20)=(g =D)L, (DD, (I +.)
l +r -1’ -1, +i,
wr? | +1 -1 -1, +i,

E 2] 2 2 ne s s




Irreducible nilpotent projectors Pty , (m=n)
Review of D3DC>~ C3,DC,

Dy:xi | xi* x° xi
a=A |1 1 1
a=E | 2 -1 0

. E_1
Given: P7=3(2¢

1 2
=3(21-r-17)

First do C> ={1,i3} splitting:

PE

E

or: P
150,
ET

so: P
150,

PE = (77|
0,0,=(?)

E 1
0202=P p02=§(21—r—r

—-c¢, +0)

A +iy) = (21-r-

2 . ° .

1 201 4 o~ 1 2 . Dy
P, =3(21-r=r7)3(1-i)=g(2l-r-ro+i +i, - 2i;) r  +ri, ( r o +ri
Then find nilpotent proportional to: P1E02=PEp12rp02= P* %% 1 r  +ri, =% PE 1 | r 4,
0 2 | P I : : 2
= ( )(;: c:)nju%;tizo)rl x e iici il ) I, | —Ir -1, —iy | -1} -r
BE _ (0 ) Pr2 727 mrmmmmmmmmmmmmmmemmee Note diagonal D*
= =) (r*-r-i, +i ¥
0515 1702 Dozoz(l) 1
gives equation for (?)-factor: Po 1, P1202 P0202_(?) (r -r-ij+i,)(r-r 11+12) / 0202(1‘)—-—
----------------- G :
e T @I i 20 =D, (DD ()
' 2 . . -
5 +r  -r° -0+, 2, 1!
Hrt |+l - -1, +H,
r | =r? 41 My i —(‘?) (+41-2r - 2r* - 2i, - 2i, +4i,)
-, | -1, +i; +1 -r
+, | +i; -l r* +1 /




Irreducible nilpotent projectors Pty , (m=n)

Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

a=F | 2 -1 0

Given:

First do C> ={1,i3} splitting:

1 1 . 1 . . .
Poioz =PEp02 =2 (21-r-r’) (1+i) = s (21-r-r’—i, -i, + 2i,)

P =1(2¢,-¢, +0)
=%(21 -r- r2)

E E 1 NP 2 . Cy
P, =P P, =321 -r-r")7(1-iy)=g(21-r-r"+i +i, - 2i;) r  +ri, ( r o +ri
Then find nilpotent proportional to: P —PEplzrp02=PE %% 1 r  +ri; =% Pl 1 | r o+,
E 2 : :
or: Py, = () (7{ onjog +t12) (r'=r2r?foril=i,il=i,) AN B A -iy | -ip -1
conjugation: (r'= =r,i;=i,i,=i R,
bt _p ?J e bz 2 . Note diagonal D”
SOT 0,7 0212‘(') (r* -r-i +i) Dozoz(l) 1
. . E
gives equation for (?)-factor: Fo,, P1202 l)0202 _(‘?)(r—r—11+12)(rr11+12) / 0202(r)___
""""" . 2 . . . = 2
I o TaBlerer iy iy + 28)=( =)D, (DL (r +.)
2 . . -y
+r -r —11 +12 (?)24:% i
+r¥ | +1  -r -, o+ |
E 20 o o2 g
'_11 -i, +i; +1  -r Solvmg gives unknown (?)-factor: (?)==4+/3/6
+, | +i; -l r* +1 /




[rreducible nilpotent projectors Pty , (ms=g)f======="" SGTTTTTTTTTTT !

Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given:

a=F | 2 -1 0

First do C> ={1,i3} splitting:
E E 1 2
PO202 =P Po, =;(21-r-r

A1 +1y) = £(21-r-r’—i, —i, + 2i,)

E 1 NP 2. Dy
P, P, =3(21-r-r")7(1-iy)=g(2Ll-r-r"+i +i, - 2i;) r  +ri, ( r o +ri
Then find nilpotent proportional to: P —PEplzl‘pOz—PE %% 1 r  +ri, =% Pl 1 | r o+,
E 2 | I .
or: P1202_(‘7) (r-r .—l1 +t12) (r it ) —i; | —i;r  —ijri; —iy | i 2
= =r, i, =i, i,=1,) .. ;
£t Tco?njuga 1o b2 Note diagonal D?
SO P1202=P0212—(.) (I‘ —l‘—11+12) D(ioz(l) 1
gives equation for (?)-factor: Po 1, P1202 P0202 —__(_7_)__ (1‘-1’—11+12)(l‘1‘11+12) / 0202(r)_'_
""""" 2 * *
I o Te@lorort iy iy 4 2 (/5 =D(D, (DL ()1 +. >
2 . . "', """"""""""""""""""""""
+r ol § —11 +12 (?)24:% i
.+r2 +1  -r -, +ij, """"
Poiof(?)z- R S R _(?) (#41-2r-2r” - 2i - 2i, +4i,)
'_i1 -i, +i; +1  -r Solvmg gives unknown (?)-factor: (?)==4+/3/6
N a=t=Ipt (1
O I O




[rreducible nilpotent projectors Pty , (ms=g)f======="" SGTTTTTTTTTTT !

Review of D3DC>~ C3,DC,

Dy:xi | xi* x° xi
a=A |1 1 1
a=E | 2 -1 0

Given:

First do C> ={1,i3} splitting:

E E 1 2
PO202 =P Po, =;(21-r-r

E
or: P

so: PET

E
PL =
0,0,

150

150,

()

A1 +1y) = £(21-r-r’—i, —i, + 2i,)

1 NP TR
P, =3(21-r=r7)3(1-i)=g(2l-r-ro+i +i, - 2i;) r  +ri, ( r o +ri
Then find nilpotent proportional to: P —PEplzl‘pO2 -pP" %% 1 r  +ri, =% Pl 1 | r o+,
=(?)(r- r2—11+12) | -y | —igr —lgri; T B S—
. 2 2 3| 7h :
’i’conjugatlon (l‘ =r T T_r l}L_ll’lg_l2) ------------------------ Note dlagonal DE :
=P =)' -r—i, +i,) Dy, (1)=1 '
22 0202
gives equation for (?)-factor: Po 1, P1202 P0202 —__(_7_)__ (1‘-1’-11+12)(l‘1‘11 +y) / 0202(r)_'_
""""" 2 * *
S o Te@lorort iy iy 4 2 (5 3><D£oz<1>1+Dfoz<r>r+ >
: _ 2 _: +i """"""""""""""""""""
: roor L th 2)2 4_1 { This gives off-diagonal PExy G Bia B
N A 2
5+r2 +1  -r -, +i3 iP 0,1, 3( Y I+ 5 -5+ 5 12)
r | -rr + My i —(‘?) ‘(441 -2r - 2r* - 2i, - 2i, +4i,)
i | i, +i; +1  -r Solvmg glvei unknown (?)-factor: (?)=4/3/6
N ()" 4=573Dp,0, ()
+, |+l -1 -rT +1 / 1S 2°2 T




[rreducible nilpotent projectors Pty , (ms=g)f======="" SGTTTTTTTTT !

Review of D3DC>~ C3,DC,

Dy:xi | xi* x° xi
a=A |1 1 1
a=E | 2 -1 0

Given:

First do C> ={1,i3} splitting:

E E 1 2
PO202 =P Po, =;(21-r-r

E
or: P

so: PET

E
PL =
0,0,

150

150,

()

A1 +1y) = £(21-r-r’—i, —i, + 2i,)

1 NP TR
P, 3(21-r-r")3(1-13)=g(21-r-r"+i, +i) - 21,) il r  +ri, ( r +ri,
Then find nilpotent proportional to: P —PEplzl‘pO2 -pP" %% 1 r  +ri, =% Pl 1 | r o+,
=(?)(r- r2—11+12) | =iy | —igr  —igri, il - —p?
' 2 27 _Lat_s st 3 1 :
r =r .,r =r, i, =1 ,l =1, ) . "
b Tco?njugatlon ( 1=lpip=1,) : NoteEgkhagonal DE 5
= 0212—(.) (I‘ —l’—11+12) Dozoz(l) 1
gives equation for (?)-factor: Po 1, P1202 P0202 —__(_7_)__ (1‘-1’-11+12)(l‘1‘11 +12) / 0202(r)_'_
.......... ; )
s To(21or = =iy =iy + 2i)=(p DD (OD e+
2 i L e S U A Y
: roor L th 2)2 4_1 { This gives off—dlagonal PExy G Bia B
§+r2 +1 -r i, +H, | T :l:P 0,1, 3( ) r’ 24t 3 12)
r | =rr +1 My i —(9) (+41-2r-2r° - 2i, - 2i, +4i,)
-i, | -i, +; +1  -r Solvm;g glveEi unknown (?)-factor: (?)=4+v/3/6 5
?)4=35:Dy o () ..and off-di I: D" (r)=-%
iy | vy -y e | P33P, O and off-diagonal: 4Dy ()= et




Finally, must set + signs of off-diagonal components...

+oil2 3(\/_ */;r Jigil"'\/igiz)
(r)= \/_,ez‘c

0212



Irreducible nilpotent projectors Pty ,(m=n) i-a
Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(ch —-c¢, +0)

1
E|2 -1 o0 =§(21“’"’2)

a

First do C> ={1,i3} splitting:

1 1 . 1 . . .
Poioz =PEp02 =2 (21-r-r’) (1+i) = s (21-r-r’—i, -i, + 2i,)

E E_ 1 231 q o 1 2 s s e
l)1212 =P p12=§(21 —r-r7)5;(1-13)=g(21-r-r"+i; +i, - 2i;) ( r +ri, ( r +ri,
Then find nilpotent proportional to: PE 20, =PEp12 rpy, = p* %% 1 r  +ri, =% Pl 1 | r o+,

_ _ _O [ N 2
+P0b;12 5 (- {1‘ +£ P23 11+f i,) Now, to set + signs... I3 | ~I0 —15l, —i, | =i, -r

Make group space vectors:
ooy )= o 5 Gl I P )1 1)+ 20 )
Plljo2 > =5 (0[1)+] r>—‘ r2>—‘ ip) +]iy) +0]is))




Irreducible nilpotent projectors Pty ,(m=n)
Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given:

E | 2 -1 0

a

First do C> ={1,i3} splitting:
E E 1

PO202 =P Po, = 3(21-r-r
E E 1

P1212 =P p12=§(21 -r-r

Then find nilpotent proportional to: P

LpF (f fsz

r+ r 1, +
0,1,=3V 2572 172
Make group space vectors:

PE

150, > =5 (0[1)+] r>—‘ r2>—‘ ip) +]iy) +0]is))

1 . 1 o
2 (1 -1i3)= 6(21—1'—1'2+1

i, )= @)= r) e =) i) + i)

P =1(2¢,-¢, +0)
=%(21 -1 - rz)

A +iy) = 1(21-r-r’~i, —i, +2i,)

+i, -2iy) r +ri, ( r +ri,
1.1 . 1 wF .

53 1 r +ri; =2 P 1 ro+i,

_o _o _o . o . 2

r

i) Now to set & signs...

E
P
0,0,

E
P
150,

>= 2%6(2
-

)-|r)-
r>+‘r2>—

Do desired g=r transformation:
i) i)+ 2]i))
i) i) +0is))




Irreducible nilpotent projectors Pty ,(m=n) i-a
Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(201 -¢ +0)

1
E|2 -1 o0 =§(21“’"’2)

a

First do C> = {1 i3} splitting:

1 . 1 . . .
Poioz—P Py, = 1@1-r-r* )y (1+iy) = s 21l-r-r’-i, —i, +2i;)

Pélz =P p12=§(21 —r-r’)y(1-iy)= ¢ (21-r—r’+i +i, - 2i,) — ( -~
Then find nilpotent proportional to: PEoz =PEP121‘P02 P* ; ; 1 | r +ri =% PE 1 | r 4,
+Pol;l2 3 (- *gr +£ - 11+\§ i,) Now, to set + signs... iy | —r —lgri iy | i, -1’
Make group space vectors: Do desired g=r transformation:

P(g02>= @)= [r)e?)- i) i) + i) r p(g02>= L) )= [ig) i)+ 2y )

Péoz > =5 (0[1)+] r>“r2>“ i) +i) +0]is)) r Plgo2 > = (0 r>+‘ r2>‘ 1)-|i;) +]i)) +0]i;))

Set up to find matrix of g=r transformation:

E

r P0202>= L) +2 r>—‘r2>— i)+ 20i,)-[iy)

r P@oz > = %(— 1>+O r>+‘ r2>+ i1>+0|i3>—| i3>)




Irreducible nilpotent projectors Pty ,(m=n)
Review of D3DC>~ C3,DC,

o

Dy:xi | xi* x° xi
a=A |1 1 1

Given: P%= %(201 -¢ +0)

0

1 2
=3(21-r-17)

o=F | 2 -1

First do C> ={1,i3} splitting:
E E 1
PO202 =P Po, =;(21-r-r

1 . 1 . .
2 (A +1i5) = 6(21—1'—r2—11 —i, +2i,)

E E_ 1 231 q o 1 2 s s e
P, =P P, =31 -r-r")7(1-iy)=g(21-r-r"+i +i, - 2i;) / r  +ri, ( r o +ri
Then find nilpotent proportional to: P, —PEplzl‘pO2 -P" %% 1 r  +ri, =% Pl 1 | r o+,

_. _O _O [ N . 2
+P0b;12 5 (- \51‘ +{ P23 11+\§ i) NOW to set + signs... I3 | ~I0 —15l, —i, | =i, -r

Make group space vectors:

£02>=2%/§(2‘1>—‘r>—‘r2>—|i1>—|iz>+2‘i3>) r
Péoz>=%(0\1>+\r>—‘1‘2>—\i1>+\iz>+0\is>) r

Set up to find matrix of g=r transformation:

rPOb;Oz>=2%/§(— 1>+2 r>—‘r2>—i1
rP1202>= %(— 1>+O r>+‘r2>+i1>+0|i3>—|i3>)

E
P
0,0,

E
P
150,

>= 2%5(2
1o

>+2|iz>—‘i3>) 2 ?202‘ ‘ 050, > L

E\_ loet il L e 1e 1)
202‘r‘P0202>— JO+1-1=14140) L (—14+2-1-142-1) J3/2

)-|r)-
r>+‘r2>—

1)-
1)-

Do desired g=r transformation:

iy)-|i,) +2]i,))
i3> +‘i1> + O| i3>)

(2- 1-1-1-1+2)-2lﬁ(-1+2-1-1+2-1)=-1/2



Irreducible nilpotent projectors Pty ,(m=n)
Review of D3DC>~ C3,DC,

E
PL =
0,0,

E
P -
1y

Then find nilpotent proportional to: P

+P0i12 3(\§r+\gr2 3

Dy:xii | xit x X
a=4 1 1111 Gijven: PE=%(2c1—cr+O)
a=E | 2 -1 0

First do C> ={1,i3} splitting:

PEp02=%(21—r—r

—PEp12=%(21 -r-r

11+2

Make group space vectors:

r P

E
P
150,

E
050,

e Lol ) 1)
>= (1) +0 r>+‘l‘2>+i1>+0|i3>_|i3>)
The Do1 =+ sign is@

1 2
=3(21-r-17)

1 . 1 . .
2 (A +1i5) = 6(21—1'—r2—11 —i, +2i,)

A -iy)= ¢ (21-r-r"+i

i) Now to set & signs...

i, )= 2 @01 =[ 1) i)+ i)
=301+ ) =[5 +]i,) + i)

Set up to find matrix of g=r transformation:

This checks with p. 56

iy = 213) r +ri, ( r +ri,
1.1 . 1 wF .

o) 1 r +ri; =2 P 1 ro+i,

_o _o _o . o . 2

Do desired g=r transformation:

r P()Ez02>= e r>—‘r2>— 1)-[iy) i, )+ 2/, )
[Pl )= 3O )| r?)1)- i) +fi, )+ ofiy )
0202‘ ‘ 0202> lf(z I=1=1-142) " (= 142-1-142-1)==1/2=Dy , (1)

= 2(0+1-1-1+1+0): \/—( 1+2-1-142-1) =/3/2= DIEO (r)

%/_(2—1—1—1—1+2)'% (—1+0+1+1+0—1)=@2 0212(’”)
1 1 £
1202‘ ‘p >= 3 (0+1=1=14140) 3 (= 1+0+1+1+0-1) == 1/2 =D, ())



This amounts to the world's

most complicated derivation
of: cos 120°=-1/2
and: sin 120°=V3/2

[ cos(120°) —sin(120°) \_/ _1/2 -J3/2 )

D"(r)=D (120)=L sin(120°)  cos(120°) )_ J3/2 0 -1/2 J

E B2 By B E*
Po 1, = ST+ - 45 0,) =P

150,
Coeﬁ‘iczents D( )(g)are lrreduczble representatlons (zreps) of g

g= I i

) 1 1 1 1
D! (g)- i 1 I 1 1 1

oyl | 'y (4] [ E) (4 E) () )T
- | Ul {e g ) {oa) [ o) L] o
’ 2 2 2 2 2 2 2 2



AMOP 3.12.18 class 17.0: Symmetry Principles for
reference links 4 dvanced Atomic-Molecular-Optical-Physics

on page 2
William G. Harter - University of Arkansas

Discrete symmetry subgroups of O(3)>(Octahedral Oy,20): Part II Full D(®-matrices defined
by subgroup-chains ODD,DCy, D2, or Cs applied to eigensolutions of On-tensors T41+T16]

Review [dempatentprojector SplitS P'um,m OfOD C4 PEpor PE22, PTigg, Py, P20, P2y,

Review Coset factored splitting of projectors for OD DDy into split classes and level structure
Hamiltonian level cluster models with subgroup-defined tunneling parameters
Diagonal idempotent Pty parameter sets @r 0D Caand 0D () case of SFs level clusters

/-

Off-diagonal nilpotent P, , (m=n) parameter sets needed for (0> C>|clusters

Deriving nilpotent projectors Pty , and ireps D'y, by fundamental g=Pty, , relations.:

(@) Pl 8Pl n=Dtpyn(@)Pmn  (b) g=3yEmnDVmn(8)Pmn  (¢) Plun=(01/°G) LD 1n(g)g
Review of nilpotent projectors for simple D3;DC>~ C3,DC, chains (Lectl3p95 )
Calculating and Factoring P10, and P11},3,



https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-13-2.26.18.pdf#page=95

Irreducible nilpotent projectors Pty ,

Coset-factored Ti-sum:(First display idempotent projectors P.' and diagonal components D,Z,;l*(g)
Pi = [(D1p,  +(O0)ypp, +(G)rp,  +(5)rp, () Fp, +(5)Fp ]
+(_§)'r2p34 +(+§)'f1p34 +(+§)°f2p34]

+(0)r.p. +(0)rp, +(0)-r.p. |

\
€T1=3 °G )
1 | Pu=s—) D (@2
mn o mn
G=24 >
Complex
C4 vector
e

Iy xtiy 0-C,
2134 x-iy left cosets
0+ z {Lp.R.R |
{px’py’i4’l3}
{rl,r4,i1,Ry}
{rz,r3,12,l~{y}
{~1’f3’ﬁx’i6}
{£,.5,.R, i}
P, =(1+RZ+pZ+ﬁZ)/4
bases: p, =(1-iR_-p_+iR )/4

o:| T\ T\ 7 P 5
Dl E )N E ) 4 I p24=(1-RZ+ p.-R )4

1C: | 1, 3, 0, ~
| p, =(I+iR_-p_-iR )4




Irreducible nilpotent projectors Pty ,

. . T . T
Coset-factored Ti-sum:(Now ﬁna’ nilpotent projectors ijland oﬂdzqgonal D; (g)
PI4T1 = é[(l)'lp14 +(0)'pxp14 +(+§)'1’1p14 +(+§)'1'2P14 +('§)'1~'1P14 +('é)'l~'2p14]
P, = ;[(D1p, +©O)pp, +(E)r P, +()T,p,  +(H)Fp,  +(5)F,p,]
P0741104 =é [(1)'11304 + ('1)'pxpo4 + (0)'1'1[)04 + (())'rzpo4 + (O)'i:1po4 + (O)'fzpo4]

. T T T T T
Calculating: P v P, =D\, (r )P i =P"'p, rp,

-2mwimy p

13 4 p
P

00 u
. . ' ;
Consistent with standard:P,;‘j4m4=E °G Dn’;m(g )g

0Oy
left cosets

P, =(1+RZ+pZ +13~{Z)/4
4

p, =(1-iR_-p_+iR_)/4
4

p,=(1-R_+ p.-R_)4

p, =(1+iR_-p.-iR_)/4



Irreducible nilpotent projectors Pty ,

. . T, . T
Coset-factored Ti-sum:(Now ﬁna’ nilpotent projectors ijland oﬁ—dzqgonal D; (g)
l)14T1 = é[(l)'lp14 +(0)'pxp14 +(+§)'1’1p14 +(+§)'1'2P14 +('§)'1~'1P14 +('é)'l~'2p14]
P3T34 = é[(1)1p34 +(0)'le334 +('é)'r1p34 +('é)'r2p34 +(+é)'l~.1p34 +(+é)'f2p34]
P0?04 =§ [(1)'11304 + ('1)'pxpo4 + (0)'1‘1[)04 + (O)'rzpo4 + (())'l~'1po4 + (O)°f2p04]

. T T T T T
Calculating: P v P, =D\, (r )P i =P"'p, rp,

Then find nilpotent proportional to: p, I p,,

-2mwimy p

13 4 p
A

00 u
. . ' '
Consistent with standard:P,;‘j4m4= E °G Dﬁ4m4(8)g

0Oy
left cosets

P, =(1+RZ+pZ +13~{Z)/4
4

p, =(1-iR_-p_+iR_)/4
4

p,=(1-R_+ p.-R_)4

p, =(1+ iR _-p_-iR_)/4



Irreducible nilpotent projectors Pty ,

Coset-factored Ti-sum:(Now find nilpotent projectors

Pl4Tl = é[(l)'lpl4 +(0)'pxp14 +(+§)'l’1p14 +(+§)'l‘2pl4 +('§)°l~'1p14 +(—§)'l~'2p14]
P3?34 = é[(1)1p34 +(0)'PxP34 +('é)'r1p34 "'('é')'rzp34 +(+é)'f1p34 +(+é)'f2p34]
P0?04 =é [(1)'11304 +('1)'pxpo4 +(0)'l’1p04 "‘(O)'rzpo4 +(0)'f'1p04 +(0)'f2po4]
. T T T T T
Calculating: P, v P, =D/, (r )P, =P"'p, rp,,

I, r, 1, R,
1 I, r, i, R,
Then find nilpotent proportional to:p, r,p,, _]]6 o | -, -r, -R-i
—-iR_| -ii, -iR, -if, —ir,
+iIR | +iIR,~ +il; +ir, +if,

-2mwimy p

13
4
P, 42

°0 u
) ) y 0
Consistent with standard:P, =E
411tq - OG

Dy (2

P, and off-diagonal D" (g)

R’=]
z

0Oy
left cosets

P, =(1+RZ+pZ +ﬁz)/4
4

p, =(1-iR_-p_+iR_)/4
4

p,=(1-R_+p_R.)4

p, =(1+iR_-p.-iR_)/4



Irreducible nilpotent projectors Pty ,

. . T . T
Coset-factored T1-sum:(Now ﬁna’ nilpotent projectors ijland oﬂdzqgonal D; (g)
PT1 = é[(l)'lpu +(O)'pxp14 +(+§)'l’1p14 +(+§)'l’2p14 +('é)'l~.1p14 +('é).l~.2pl4]
P3€134 = é[(l)'1p34 +(0)’PxP34 +('é)'r1p34 "'('é)'rzp34 "‘(4'5)'I~.1I)34 +(+§)'I~‘2p34]
P0741104 =é [(1)'11304 +('1)'pxpo4 "‘(0)'1'11)04 "‘(())'rzpo4 "‘(O)'i:1p04 +(O)°l~‘2p04]

. T, Tl — T1 Tl T
Calculating: P v P, =D\, (r )P i =P"'p, rp,

r, r, i R,

1 r, r, i R,

Then find nilpotent proportional to:p, r\p,, _]]6 p, | -r; -r, —ﬁy -1,
-iR, | -ii, -iR, -if, -if,

+iR, | +iR,  +ii; +iF, +iF,

0Oy
left cosets

=l(r,+r, +i, +R )= (r, + 1, +1, +I~{y)—i(f'1 +F, +R_+i)+i(f, +F, +R_+i.,)]/16

=[r1p 0, r,p 0, if‘lp 04+ ifzp 04]/4

-2mwimy p

13 4 p
Pn=g32, 0 RS

°0 pu
: : " 00
Consistent with standard:P,;i4m4=E oG D, ..(8)g

P, =(1+RZ+pZ +13~{Z)/4
4

p, =(1-iR_-p_+iR_)/4

p,=(1-R_+ p.-R_)4

p, =(1+iR_-p.-iR_)/4



PITLr PT1 =1 D£104 (r )Plfg) — PTlp14r1p 0, Relating off—dlagonlal 1404 components D1404 (g)
$p14r1p04= ﬁ [—r1p04+ LP,,t if1po4_ if2p04 ] = to coeflicients of \/_pu Py, -

1
ﬁ[ —(r, +1, +1, +R )+ (X, + 1, +12+R )+z(r + T, +R i) - l(f'2+f'4+Rx+i5)]

-----------------------------------------------------------------------

~3 R ,_4¢
( (a) Vector 7, Representation ' RS y S \
: §~~ 'l “4
: 8 -- - . Nemm- RO R ] -:--.
F7(1) R - ry= " 2w 2o
-‘---' -;--- ----I .-‘---I
1 "
" i i : i c) i i i )' i i i
1
1 p) ) > > ) ) 5
0] [ MR A A A
b i i 1 |3 =i i i L i i i | i i — i
I ) —1_ o [ ) y ~ 1 ) : » . " : \ -
1 |8 “ V- 2 i “ V< |h = Ve |4 “ “ Ve
+ ' s A i K i ' | - | 4
| ’ - [} 1
1| V2 2 1|42 ) ' H | 2 5
fjve. | v v2 qva v2 Complex
1 . x
) o T F——— )
2T(R3) : : sk Cy4 vector
1 - --‘--- N
i i i i ] _|_.
| 4 x+iy
2 2 2 V2
1 < by
i Tl 0 34 x-iy
4 3 B 5 7
- “_: - “ \'__ 04 Z
1 1 | |
1
/ 1| A [
L 1| V& V<&
al
(R,y) R :
.
1 3 1
2 2 2
. |
] .'|I‘ | ]
J ) | »
" I‘
: 1
[ L] ! I
1
[ |
TR L
1
L
y x 1
"YU R3) I 1
Ll

i - ’ 0]
I ! 1 1 D;| E E 4,
2 T C, 1 3, 0,
1




Irreducible nilpotent projectors Pty ,

. . T . T
Coset-factored T1-sum:(Now ﬁna’ nilpotent projectors ijland oﬂdzqgonal D; (g)
PT1 = é[(l)'lpu +(O)'pxp14 +(+§)'l’1p14 +(+§)'l’2p14 +('é)'l~.1p14 +('é).l~.2pl4]
P3€134 = é[(l)'1p34 +(0)’PxP34 +('é)'r1p34 "'('é)'rzp34 "‘(4'5)'I~.1I)34 +(+§)'I~‘2p34]
P0741104 =é [(1)'11304 +('1)'pxpo4 "‘(0)'1'11)04 "‘(())'rzpo4 "‘(O)'i:1p04 +(O)°l~‘2p04]

. T, Tl — T1 Tl T
Calculating: P v P, =D\, (r )P i =P"'p, rp,

r, r, i R,
1 I, r, i, R
Then find nilpotent proportional to:p, r,p,, _]]6 p. | -,y -rI, —ﬁy -1,

0Oy
left cosets

=l(r,+r, +i, +R )= (r, + 1, +1, +I~{y)+i(f'1 +f,+R_+i)—i(F, +F, +R_+i.)]/16

=[rp, -r,p,+ ir,p 0, it,p 0,]/4 = (r, —r, +ir, —il,)p 0,/4
Result 1s nicely factored: P14T(34

P4Tg)4 = PTlp14r1po4~ (?)-(r1p04— 2p04+ if'1po4_ if'zpo)

-2mwimy p

13 4 p
P, Zg R7=J

°0 pu
: : " 0
Consistent with standard:P,;i4m4=E oG D, ..(8)g

P, =(1+RZ+pZ +13~{Z)/4
4

p, =(1-iR_-p_+iR_)/4

p,=(1-R_+p_R.)4

p, =(1+iR_-p.-iR_)/4



0OCy

Irreducible nilpotent projectors Pty ,
left cosets

Coset-factored Ti-sum.:
PT1 = é[(l)'lpl4 +(0)'pxp14 +(+§)'l’1p14 +(+§)'r2p14 +('§).l~.1p14 +('é)'l~.2p14]

1,1, {

P3T34 = é[(l)'lp34 +(0)'PXP34 +('é)'r1p34 "'('é)'rzp34 +(+é)'l~.1p34 +(+é)'l~.2p34] {l‘ r iR }
~ ~ 1274971

P\ = [1p, +(GDpp, +©Oyrp, +O)rrp, +OFp,  +0)F,p,] { '

Calculating: Py ¥ P} =D, (F)P)} =P"p, ¥ p,

r, -r, -iIR_ +i,

1 |r, -r, —-iR_+i

Then find nilpotent proportional to: p, F,p; = 69 r, -r, -i; +iR,
. R, -i, ~ir, +ir,
RZ i, -R, -ir, +ir,

P, =(1+RZ+pZ+ﬁZ)/4
4

2imyp p, =(-iR_-p,+iR )4

3
Pu-ySe ¢RI ~
+ 4po0 p,=(-R_+p R )4

°O0 pu _ . _ _ ad
Consistent with standard:P,;‘j4m4=E fG Dy (2 p34—(1+ iR.-p_-iR )4




0oy

Irreducible nilpotent projectors Pty ,
left cosets

Coset-factored T1-sum: | | | | 1P R}
PTl _ é[(l)'lpu +O)pp, +G)TP, +(+) TP, +(H)EP, +(-2)F,p, ] {p P, ,i i}

, . o i e

Pl = i[(D1p;, +O0)ypp; +()rps,  +()Tps,  +()EP; () F,p,] {rori R}

3 ~ 1°%4 %1

P, =s[1py,  +CDppy, +Orp, +O)rop, +OFp,  +(0)F;p, ] fr,.r,i rzy}
r,,r.l,, y

. . Loy I _pr - F.F,R i
Calculating: Pt P, =D )k, =P'p,rp, i: . R 6}}
l‘2’1‘4’ x’15

—IR_ +ii,

=3
I
=l
(98]

1 | r, -r, —-iR_+i

Then find nilpotent proportional to: p, F,p; = ]l 6pz r, -r, -i; +iR,
| R, -1, —ir,  +ir
RZ i, -R, -ir, +ir

=(i‘1+i‘4+l~{y+i1)—(i‘3+'f'2+i2+Ry)—i(1~{x+i5 +r,+r,)+i(i, +R_+r,+r))

=Po Y i=PoYs~ lp04Rx TP, 14

P, =(1+RZ+pZ+RZ)/4
4

2imyp p, =(1-iR_-p_+iR )4

3
m 12 4 R§=< _
+ 4po0 p,=(-R_+p R )4

Consistent with standard:P;; E fG DY (2 p34=(1+ iR _-p_-iR_)4




Irreducible nilpotent projectors Pty ,

Coset-factored Ti-sum.:

PT1 = é[(l)'lpu +(O)'pxp14 +(+§)'l’1p14 +(+§)'l’2p14 +('é)'l~.1pl4 +(—§)'l~’2p14]

P = [(D1p, +©0)ypp, +G)rp, +G)r,p,  +(H)EP, +() P, ]

P0741104 =é [(1)'11304 +('1)'pxpo4 "‘(0)'1'11)04 "‘(())'rzpo4 "‘(O)'i:1po4 +(O)°l~‘2p04]

. T T T T T
Calculating: P v P =D/ (r)Py =P'p, rp,

I, -r, —i  +iR,
1 I, -r, —i;  +iR,
Then find nilpotent proportional to:p, r,p;, _]]6 p, | -r; +r, +iR ~ -ii,
+iR_| +ii, -iR +T, -T,
-iIR_ | -iR, +ii; -r, +T,

=(r, -, —ii, +iR )+ (r, -1, - ii, +iR )+ (F =T -
=[P, +0,p; +5P; +5,p; /4
Result is nicely factored quite likeP, ) :

T, T, ~ ~
P, =P'prp,~(@p,+r,p, +fp; +5,p;)

-2mwimy p

13 4 p
P, Zg R7=J

V&
°G

Consistent with standard:P" E

mymy

iﬁx +1ii, )+ (T, -

Dy (2

T, T, ~ ~
P, =P'p rp,~)@p,+r,p, +rp, +5,p;) 05C;

left cosets

£, —iR_+ii.)]/16

P, =(1+RZ+pZ +13~{Z)/4
4

p, =(1-iR_-p_+iR_)/4

p,=(1-R_+p_R.)4

p, =(1+iR_-p.-iR_)/4



AMOP 3.12.18 class 17.0: Symmetry Principles for
reference links 4 hvanced Atomic-Molecular-Optical-Physics

on page 2
William G. Harter - University of Arkansas

Discrete symmetry subgroups of O(3)>(Octahedral Oy,20): Part II Full D(®-matrices defined
by subgroup-chains OD> DO C4, D2, or Cs applied to eigensolutions of On-tensors TI41+TI6]

Structure and applications of coset tabulated D", , irreps for various Oy subgroup chains

» OrDDiDOCyy, OrDD3,DC3y, Or,DC>

Comparing OrD DD D2 and OnDD3aD Co representations (11 vector-type)

Examples of off-diagonal tunneling coefficients Dy,
Comparing local C4, Cs, and C> cluster spectra of Oj-symmetric tensors TI41+T16]
Monster clusters: When local C> symmetry dominates

Comparing off-diagonal OO C> parameter sets to CHs models with triple point cluster-crossings

Are these “accidents’” or not?


https://modphys.hosted.uark.edu/pdfs/QTCA_Pdfs/AMOP_Lectures_2018/AMOClass-13-2.26.18.pdf#page=95

ry=

ry=

1

2731)

R3

F™(RY) =

xXyz
xXyz

D2(R,)
2T(R3)

\ ((b) Tensor 7, Representation

Tensor

[142]

I

=[123]

2

1

T

= [243]

2
4

T

[134]

2
3

r

2
ryi=

r, = [124]

r, =

r, =[132]

Tlo Tl Tl

n

r, =[124]

[234]

I, =

[13][24]

2
1

R

R} -

[reps for ODD4DCy subgroup chain

271)

[ (a) Vector T, Representation

(1][2][3][4]

/1

T
o -

— O

[14][23]

2
2

R

[12][34]

2
3

R

—
o —

— O

DT(Ry)

[1234]

is =[13]

R,

[1432]

3

1

1, =[24]

R

[1342]

=[23]
R: =

1L

[1243]

i, =[14]
, =

R

[34]

i4 =[12]

I

[1324]

3_
3=

R, =[1423]

R




[reps for ODD4sDD; subgroup chain

~ 2
Rl e g S r3 = gTz(l) = R} = ry = ry = r? =
‘ ot 1 S e Sl 1 1 - 1 —1 S
. o _1 1 & 1 . 5 1 . . __1 1 _1 : —1 . _] : y _l
DA | Ll 1 il v
2T (RY) = R} = o i = = = 2 "(R}) = R = ry = & o r3 =
. _1 . . 1 . _1 . _1 . _1 . _1 . _1 : 1 i ;
: : 1 : | adg " 1 : i by L 1 : : ! : ' .l 1 &
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Examples of triple-level crossing points in low-J low-inertia molecule (CH; J=10)

FREQUENCY (cm™!)

| Are these “accidents’” or not?
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FIG.7. R (10) Laser spectra of CH, (courtesy of Allen S. Pine, MIT Lincoln
Laboratory). Symmetry species can be identified by fitting the spectrum
with Fig. 6 (v=0.5/6x). This is further verified by the heights of the lines
which approximately correspond to the well-known statistical weights: 5
forA,3forT,or T;, and 2 for E.

FIG. 6. (J/ = 10) Eigenvalue spectrum of 7 (v).
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When Local C> symmetry dominates
Due to 4™ and 6™ rank T41+TI6] combo

0DC, (i) | 0, 1,
44C, |1
4,1C, 1
ElC, |1 1
T, |1 2
ric, |2 1

Table 13. Splittings of O O C; (14 given sub-class structure.

02D | go| 900 pn180° R,90° i 180°
D Cy(iy)
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502 go | 2ri2 —2ry —p: | —2Ry, 211956 — 13 + U4
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Table 14. Matrix that converts tunneling strengths to cluster splitting energic
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Table 15. Matrix that converts cluster splitting energies to tunneling strengtl

) € € €0: Lo EAvom
I T T T
T12,8125% 15 —i5 —8§ 8 0
7'34:ny 1_12 _é é _é 0
p:z:y,Rz ﬁ é 0 0 _i
pin & & b -



https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=76
https://modphys.hosted.uark.edu/pdfs/Journal_Pdfs/Molecular_Eigensolution_Symmetry_Analysis_and_Fine_Structure_-_IJMS-harter-mitchell-2013.pdf#page=77

Figure 30. The plot focuses on the lowest 05(C3)1O cluster in the previous energy plot
(Figure 29) of the 7T'*¢ Hamiltonian for J = 30. The inside plot has been magnified
100 times. The inside diagram also centers the levels around their center-of-energy, showing
only the splittings and ignoring the shifts of the cluster. Symmetry species are colored as
before: A;: red, A,: orange, E, : green, T): dark blue, and 75: light blue. The vertical lines
on inside plot draw attention to specific clustering patterns described in the text. 15(C3)1O
clusters have similar superfine structure but with A, replacing A, and 7} switched with 7.

Comparing off-diagonal OO C> parameter sets
to CH4 models with “cluster-crossings”

Int.J.Mol.Sci, 14, 714(2013)

Splitting Fhergy (arbitrary units)
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End of Lecture 17. Following are Op-related tables some given previously

0D>C, |0, 1, 2, 3, 0DC, | 0, 1, 2,
AlC, | 1 AlC, | 1
A4,C, 1 ACy | 1
E|C, | 1 1 E|C, 11
TIC, | 1 1 1 TG, |1 1 1
I,{C, 11 1 Licy | 111
0,oC, |4 B 4 B” E| 0,oC, |4 A E
A4 4C,, |1 4G, |1
4, ¢, 1 4, 4G, 1
EdC,, |1 1 EJC,, 1
T \C,, 1 1 (7o I
I, c,, 11 nAC, | 1
Alu\LC4v I AIM\LC3V I
4, ¢, 1 A, 4 |1
elc, 1 elc, 1
LG, | 1 I LG, | 1 I
r,dc, 1 1 r,C, o1

0DGC, (i) | 0, 1, ODC,(p.)| 0, 1,

416, |1 AlC, |1

Y 1S T . AlC, |1

EIC, |1 1 E\C, |2

rLic, |1 2 T,\C, 1 2

Lic, |2 1 LG, 1 2
0,oCy | A B A" B"| 0,oCi | A B A B”
43¢, |1 A4 NC3, |1
4,165, 1 4,405 1
EdC, |1 1 ENCS, | 2
TG, 111 T, ,C;, 111
rilc, |1 1 7, C; 111
4, ¢ 1 A, 1C: 1
1, e, Lol !
ElC I ELCS 2
TAC, |1 1 1 TG |1 1 1
090 7¢I T I LAC |11 1
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