Group Theory in Quantum Mechanics
Lecture 20 10715

Octahedral-tetrahedral O~Ty representations and spectra

(Int.J.Mol.Sci, 14, 714(2013) p.755-774 , OTCA Unit 5 Ch. 15 )
(PSDS - Ch. 4 )

Review Octahedral OrD0 group operator structure
Review Octahedral On>0D>D 4D Cys subgroup chain correlations
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Introduction to octahedral/ tetrahedral symmetry O, >0~TyDT

Octahedral-cubic O symmetry
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Introduction to octahedral tetrahedral symmetry OyDO0~T4DT
Octahedral groups OrD>0~Tq and OrDTWDT
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Figure 4.1.5 The full octahedral group (O,) and four non-Abelian subgroups 7, T},
T,, and O. The Abelian D, subgroup of T is indicated also.

Flg 4 ] . 5ﬁ"0m Principles ofSymmetry, Dynamics and Spectroscopy
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
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Octahedral O,>0DD 4D Cy subgroup correlations

O| Dy subduction
D4: 17p218009RZZ|:9009 px’ylgoo, i3’4 4 Fig. 3.1.1 PSDS
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* Comparison of ODD4DCy and ODD4DD: correlations and level/projector Splittingé
ODD4+DCy subgroup chain splitting
ODD4sDD;> subgroup chain splitting (nOrmal D> vs. unOrmal D;)
0:20DDsDCs and O,D0DD4DCHDCoy subgroup splitting
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- 3y s N
(b1 p R p, iu|) ODDOCylevel splitting | € { LR, RLRD
2 2 3
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Alt[r 1] a1 - Octahedral Tetragonal  Cyclic-4 N PP
B[1|1 |1 1 0 S i '
2,11 -1 1 -1
22 - LU U Al A1 04 301 = -1 i
i e i 4
. J 1, =
4‘1’C4 O4 14 24 34
A2 B1 2% Al
A BOET: Lan o B, 1
A |1
Al 04
B 1
By b e :
SO 2% E1- 1
——— - c— - —
r.t, p,. RR
E e 14 2 3
Ti ‘;5=:‘ = O|1 r R° R i
'~ Al 1 1 I 1
S N 1 -1
. 1 -
14
T» Bt E|[2 -1 2 0
Rt O T3 0 -1 1 -
s B T3 0 -1 -1 1
&
OlD,| A, B A B, E olc, |0, 1, 2, 3=
A |1 A |1
A, 1 A, 1
E I 1 E - 1
T 1 1 T, I 1 1
T, I 1 T, 1 1 1

Tuesday, April 7, 2015




147 g . . Nm 2 2 2
ODD4DD:; level splitting (D, |1 o R p, i|) ODDDOCylevel splitting P11 Ro R Ry
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Comparison of ODD4DCy and ODD4DD:; correlations and level/projector splitting
ODD4+DCy subgroup chain splitting
* ODD4sDD;> subgroup chain splitting (nOrmal D> vs. unOrmal D;)
0:20DDsDCs and O,D0DD4DCHDCoy subgroup splitting
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o . Nm
0:,20DD4DD:> subgroup splitting( p,[1 p. R, p,, iy, D" 1,
Un
Tetragonal Standing Wave Chain 21 1 1 11 1 11 Tetragonal Moving Wave Chain DA 1,
NOrmal ! i i . Al
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o . Nm 2 2 2
0:,2>0DDsDD: subgroup splitting( p,|1 p. R, p, i, D"{ 1, R, R, R}
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Comparison of ODD4DCy and ODD4DD:; correlations and level/projector splitting
ODD4+DCy subgroup chain splitting
ODD4sDD;> subgroup chain splitting (nOrmal D> vs. unOrmal D;)
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O D>D#DCrDCy subgroup splitting
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O DD CrDCoy subgroup splitting

026G, |4 B A7 B E 3 Fig. 3.1.1 PSDS
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* Splitting O class projectors PV into irreducible projectors P"m.m, for ODCy
Development of irreducible projectors PHu.m. and representations D" m.m.
Calculafing PE0404 , PE2424 , PT10404 , PT1]4]4 , PT22424 , PT2]414 ,
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

ODCy4 Correlation table shows which PV splittings are allowed.

O:)C4

AC,
Adc,
ElC,
e
rdc,

an
P=P"

2.2,
cannot

split

O characters

r_ xXyz
O:xt|g=t ™ »p 3 i
g ~ 1-6
4 i nyz
u=A, 1 1 1 1 1
4, 1 1 1 -1 -1
E 2 -1 2 0 0
T 3 0 -1 1 -1
T, 3 0 -1 -1 ]
Cy characters
C,:d™ |g=l R. p=R> R_=R]
Rp z z z z zZ
m=0, | 1 1 1
1, 1 i i
2, |1 - 1
3, | 1 - i

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer IntJMol Scz)

PSDS:| 1
LUMS:| 4

rl rz

r3

r4

R 2
Px

R 2
Py

R 2
P.

R, R, R,

R, R, R

R} R} R
R, R, R
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

ODCy Correlation table shows which P¥ splittings are allowed.: Ot | gt g Ry .
: g=l ~ 6
g xXyz
0oC, [0, 1, 2, 3 LPP= @y, P, P, )P e Rz
DG | Yy g 44 2y o y y u=A4 1 1 1 1 1
P =P 1-P'= P +0 +0 +0 1
A \LC 1 0404 040,
V-4 and p . 0 ap ; 4 1 1 1 a1
. : A_pA P = +0  +P7 +
ANC, 1 P==P 2424 E |2 1 2 0 o0
E E E
Elc, |1 - 1 ggﬁ(wt LPi= B, +0 +P, 40 |3 o0 -1 1 -l
e, |11 - 1 1-Pi= P 4P 0 4P r, |3 0 -1 -1 1
. o ;4 . o Cy characters
(E57¢/ I B 1-P>= 0 +P;) +P +P34234 Cy dz; g=l R p=R} R=R]
my=0, | 1 1 1 1
1, 1 -1 -1 I
2, 1 -1 1 1
3, 1 -1 -1 -1

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS:{ 1 |r, r, r, r, r r, r. r;|R R R;|R, R, R, R} R} R}|i i, i, i, i, I

]JMS 1 l.1 l.2 l.3 l.4 i:1 i«‘2 l~.3 i:4 px py p Z Rx R y Rz Rx R y Rz i1 i2 i3 i4 i5 i6
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

ODCy4 Correlation table shows which PV splittings are allowed.

+p,,  +P;, )-PH

1-PH = +
0oC, |0, 1, 2, 3, (Po,*Py
A Al Pph— 4
AI\LC4 1 : : . P P 0404 1-P P0404 +0
and 1-P°= 0 40
A2¢C4 S N P2A§4
Elc, |1 - 1 . | cannot 1-P"= P, +0
4 split ) A
TI‘LC4 L1 ' 1 1P = P0:04 "'1)14114
e, | -1 1 1P = 0 +p"

ODCy splitting done by C4 projectors

applied to O class projectors

2, 1 2

P'= —1-—c +—c¢ +90R—9ci
8 8 8 7 8 8
3. 0 1 1 1

P'= =1+—¢,——c +—c,——c¢,
8 8 8 7 8 8
1 1 1

P = E1+Oc ——¢,——C,+—C,
8 8 8 7 8 8

+0 +0
A
+P24224 +0
E
+P2424 +0
+0 +P)

3,34

T 2
+P,° +P3

444 474

O characters

, I_4 xyz o,
O: %g g:1 ~ pxyz - l1—6
F_4 xXyz
u=A 1 1 1 1 1
4, 1 1 1 -1 -1
E 2 -1 2 0 0
T 3 0 -1 1 -1
T, 3 0 -1 -1 ]
Cy characters
C,:d™ |g=l R. p=R> R_=R]
Rp z z z z zZ
m=0, | 1 1 1 1
1, T S i
2, |1 a1 1
3, |1 - i

O operators (Two notations. Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J. Mol Scz)

PSDS: 1 |r, r, r, 1, r r r, r,| R R R]

] ._] M S . 1 r] r2 r3 r 4 f.l f2 f.3 i:4 px p y p Z

R, R, R, R’ R} R
R, R, R. R R, R

i

i,

i
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

ODCy4 Correlation table shows which PV splittings are allowed.

+p,,  +P; ) P

1-P* = +
0oC, |0, 1, 2, 3, ), *P,
A A A4 4
AI\LC4 1 . . . P : dP 464 1-P'= 1)0404 +0 +0
an 4, A
ANC 1 ph P2A§ Lpe=0 40 +Pj
4
Ele, |1 - 1 - g‘alriztnOt 1PE= PS40 4P,
l P 1.Ph = 1 T
TC, | 1 1 1 Piz B, +P 40
G| - 11 1.P°= 0 +P° +P.

ODCy splitting done by C4 projectors

applied to O class projectors =—pZO&TW R=
" —
Pl = %1—%cr+§cp+%cR—%ci Cy Chdl;g}iiers
dng-e__z__
P = §1+90r—lc +lcR—lci
8 8 8 7 8 Q
P = E1+OC Le —lc +1c
8 8 8 ” 8 g

O operators (Two notations. Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J. Mol Scz)

+0

+0

+0
+P37;134

T
+P3434

O characters

r_ xXyz
O: " |eg=t ™ p 5 i
g ~ 1-6
4 i nyz
p=A4 1 1 1 1 1 1
4, 1 1 1 -1 -1
E 2 -1 2 0 0
T 3 0 -1 1 -1
T, 3 0 -1 -1 1
Cy4 characters
C,:d™ |g=l R. p=R> R_=R]
Rp z z z z z
m,=0, 11 1

p, =(1+R_+p_+R_)/4
4

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

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

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

PSDS:{ 1 |r, r, 1, r, 1 1, r. r;| R R R:Z|R, R, R, R’ R R;
MS 1y v, & v, E K F E|p p P |R R R IR, R R

i

1
1
1
1

i,

i
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

ODCy4 Correlation table shows which PV splittings are allowed. r_ vz,
O:xt g2t ™ p S
g - V2R -
0-C, |0, 1, 2, 3 LPE= (4P, +P, 4Py P 4 Rz
4| Y4 14 44 24 _
1le T Ph PA;) 1-ph POA L 40 +0 +0 p=4| 1 I ! I I
e and LR 0 w0 wRh 0 S I
S 4_p P =
AZJ/C4 1 P P2 24 2424 E 2 -1 2 0 0
ExLC4 | | gglfll(wt 1-PF = Poio4 +0 +Pf124 +0 T, 3 0 -1 1 -1
Tic, | 1 1 1 1-Pi= P 4P 0 4P r, |3 0 -1 -1 1
o e v Cy characters
e, | -1 1 1-PP= 0 4P, 4P, 4P C;:d™ | g1 R, p=R? R-R]
- 424 _ R z z z z z
- . Po AR AP ARYE™, Zo, [ 1 1 1 1
OD (s splitting done by Cy pm]ectors . mimp b —(I4R -p R Y4 1, o l
° ° = —2 e 4 R§:< ! -
applied to O class projectors 4,25~~~ p, ~(LR_+p_R )4 2, |1 11 1
) 1 ) 0 0 r\—/v\ i 3 - -l -i
Piz Z1—Z¢ +%¢ 42¢ —Z¢. C4 characters p, =(I-iR_-p_+R )4 ——
8 8 r 8 p 8 R 8 I 2mim,-p \ 4 z Tz z
3.0 fome
1 1 1
P'= —1+—c,——c,+—c,——¢,
8 8 8 8 8
3, 0 1 1 1
P°'= —1+—¢c,——c,——c,+—¢,
8 8 8 8 8
Following development of irreducible projectors.
TR L PpH
Pm4m4 = pm4P =P pm4

O operators (Two notations. Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J. Mol Scz)

PSDS:{ 1 |r, r, 1, r, 1 1, r. r;| R R R:Z|R, R, R, R’ R R;
MS 1y v, & v, E K F E|p p P |R R R IR, R R

i

i,

i
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

ODCy Correlation table shows which PV splittinegs are allowed: r_ 0z
: 8= ~ Xyz ~ l1—6
g %
1.P* = + + +p. )-P* 4 2
025G |0 14 24 3 o b T By T R
P'=P" 1-PY"= P" 40 40 +0 H=
A \LC 1 0404 040,
174 and p . 0 ap ; 4 |1 1 1 -
A, A, P = + +P.> +
AC, I P=pP > 2424 E |2 1 2 0 0
Elc, | 1 1 cannot 1-PF = POE404 +0 +P2E424 +0 T 30 -1 1 1
split . . . .
Tic, | 1 1 1 1-Pi= P 4P 0 4P r, |3 0 -1 -1 1
. o ;4 . ;4 Cy characters
ric, o1 1P'= 0 P 4B, +P Cpd™ | g=1 R p=R} R.=R]
p04:(1+RZ+pZ+RZ)/4 m=0, | 1 ) ) )
0Dy splitting done by Cy pm]ectors R b (LR p-RYA 1, o l,
° ° = — 2 e 4 R§:< ! -
applied to O class projectors 4,25~~~ p,—(LR_+pRy4 2 |1 11 1
9) 1 9) 0 0 r\—/v\ ) ) 3 1 - - i
Pic “1-l¢ +52¢ +2¢ - ¢ Cy characters | p —(1-R _-p_+R_y4 —
8 r P 8 R 8 l 2mimy p \ 4 z Pz z
dm4 —e 4
3.0 1 1 1 "
P = §1+—cr —2 S T
3. 0 1 | |
P°'= —1+—¢c,——c,——c,+—¢,
8 8 8 8 8 PT1 Pl =pPh
. . . . , 0,0, = Po, Po,
Following development of irreducible projectors. .. with examples: P’ =p P =P'p,
u _ U _ pU 414 4 4
Pm4m4 — pm4P =P pm4 elc.
O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS:{ 1 |r, r, r, r, r r, r. r;|R R R;|R, R, R, R} R} R}|i i, i, i, i, I
]JMS 1 l.1 l.2 l.3 l.4 i:1 i«‘2 l~.3 i=4 px py pz Rx Ry Rz Rx Ry Rz i1 i2 i3 i4 i5 i6
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

ODCy4 Correlation table shows which PV splittings are allowed.: 0:7t | g2t r_, , R,. .
: 8= ~ X2 D 16
g 3%
0oC, [0, 1, 2, 3 LPP= @y, P, P, )P e Rz
4| Y4 14 44 24 _
Jle 1 . | P:‘64 1.-P" = Poj o, 10 +0 +0 p=d )l I I I I
and p . 0 ap ; 4 |1 1 1 a1 -
L . o_p P = +0  +P) +
AZJ/C4 1 P P2 2, 2424 E 2 -1 2 0 0
e |1 . 1 . Car}not 1-PF = POE404 +0 +P2E424 +0 T 30 -1 1 1
4 split ) . ) ) !
e, |11 - 1 1.P'= P, +P 40  +P T. 30 -1 -1
: o ;4 . ;4 Cs characters
o/ I B 1P = 0 4P, 4P, 4P c, d:;t) g=1 R! p=R> R=R’
- . p04=(1+RZ+pZ+ﬁZ)/4 my=0, | 1 1 1 1
OD (s splitting done by Cy pm]ectors . mimp b (LR p R YA 1, o l
° ° = — Z e 4 R§:< ¢ ~
applied to O class projectors 4,25~~~ p, ~(LR_+p_R )4 2, |1 11 1
) 1 9) 0 0 r\/\/\ i 3 1 - -l -i
Pic Z1—c +%¢ +2¢ - Ze¢ Cy characters p, =(I-iR_-p_+R )4 u
8 8 r 8 p 8 R 8 I 2mim,-p \ 4 z Tz z
3.0 fome
1 1 1
P'= —1+—c,——c,+—c,——¢,
8 8 8 8 8
3, 0 1 1 1
P°'= —1+—¢c,——c,——c,+—¢,
8 8 8 8 8 PT]O pO PTI — PTlpo
. . . . . 0,404 4 4
Following development of irreducible projectors. ...with examples: P’ =p P =P'p,
u _ u_ pu 414 4 4
o Py, =P, P =Pp,, |
..uses left-coset combinations... ...and projector “factoring”...

1C .=1{1 R.R}.pC ={p.p.id]. nC={rr iR}, nc={nriR}] ic={fFR.i}. 5 ={FFR.i].

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS:{ 1 |r, r, r, r, r r, r. r;|R R R;|R, R, R, R} R} R}|i i, i, i, i, I

]JMS 1 I.1 r2 l.3 l.4 l~.1 i«‘2 l~.3 i=4 px py pz Rx Ry Rz Rx Ry Rz il i2 i3 i4 i5 i6
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Following development of irreducible projectors:
P . =p,P'=Pp,

mymy

...uses left-coset combinations... ...and projector “factoring”...
1C, = l{l’pZ’RZ’Rz} , PGy = {px’py’i4’i3} , 1[G, = {rl’r4’il’Ry} , [,C, = {r29r3’i2’Ry} , 1C, = {fl,f'wa’ié} , 5C, = {f'zaf'me’is}
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Splitting O class projectors PV into irreducible projectors P"m.m, for ODCy

* Development of irreducible projectors PHu.m. and representations D" m.m.
Calculafing PE0404 , PE2424 , PT10404 , PT1]4]4 , PT22424 , PT2]414 ,

<«
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Geneml development of ODCyirreducible projectors P, =

— pm4l).u — P'upm4

m4m4

Z—(% 2(p™)

o |
[24](;51) (1+d p.+d; R +d, R)4
_I_
+
+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}C0set

_I_

O characters

I ¢

°0
8
Deriving diagonal irreducible O-representation components D,

_I_

rC,=r, {l,pZ,RZ,ﬁZ} = {1'1 I, ,il,Ry}Coset

. _ 1-4 xyz .

O: %g g=1 i pxyz S L6

1-4 xyz

u=4 [ 11 1 1 1
4 |1 1 1 a4
E 2 -1 2 0 0
T |3 0 -1 1 -
, |3 0 -1 -1 1

Og,u

Di (8)8

3 2mimyp
my p O\fY\J z

r\—/¥/\

C4 characters

2mimyp

m
d*=e *
RP

(8

p, =(1+R_+p_+R )4
4

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

p, =(I-R_+p, R )4

p, =(1-iR_-p_+iR_)/4
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OO /éu

General development of irep projectors pu  _ " (9)e for subgroup chain ODD4DCy
— pm4P.U — P,Upm4 o g OO o .
(Deriving diagonal irreducible O-representation (“irep’”) components D“ n,(8)

Z—(%“* g(p"™)

[Q(ﬂcl) 1(14dp+d R +d, R ) :(Nf*j(l'”dzpz+d;3Rz+dgﬁz)

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}C0set

_I_
O characters
O: [ -4 Roz )
+ e |8 g, Peor p=(1+R +p, R )4
p=4, 111 1 1 1% 2m;n4-pRp p, =(I+iR -p_-iR )4
LR _ )
+ 4 [ 1 1 1 1 - " 4 | b Z(1R 4 p.R )4
E |2 a1 2 0 o0 F\—/M o N
S Cy chaz;gﬂpers | p, =(l-iR -p_+iR )4
+ dm4_e 4
, |3 0 -1 -1 1 R?

rC,=r, {l,pZ,RZ,ﬁZ} = {1'1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ N fﬂ “(9)e for subgroup chain ODD4DCy

Pm4m4 — pm4P,u — I),upm4 m4m4 ” OO
(Deriving diagonal irreducible O-representation (“irep’”) components D (g)
Z—(%‘” g(p™)

) PH o 1 ma my my
(o rimsain) <[ s in)

24

(%)(;{p) p. (1+dsz4pz+deRZ+d;:ﬁz)i

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}C0set

_I_
O characters
O: " 4 Ry
Xg | 870 Py & li-6 [ = R
+ 8 i, 7 R, p,,=(1+R +p_+R )4
p=A4 1 1 1 1 1 1 |3 2mimep P, :(1+iRZ_pZ_iRZ)/4
i —Z e *+ R/= .
+ Az 1 1 1 '1 - 4 p O\fv\} p24:(1-RZ+pZ-RZ)/4
E |2 1 2 0 0 fé\—/m )
4 characters —(1-iR -D +i
T, 3 0 -1 1 -1 2rtim,p L ps, (1-iR _-p_+iR )/4
+ dm4_e 4
T, |3 0 -1 - 1 R’

rC,=r, {l,pZ,RZ,ﬁZ} = {1'1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ N fﬂ “(9)e for subgroup chain ODD4DCy

Pm4m4 — pm4P'u — P'upm4 . J OO %k
(Deriving diagonal irreducible O-representation (“irep’”) components D“ n,(8)
Z—(%“* z(p")

" K qy HF ~
(o rimsain) <[ s in)

24
T S S R A ] PRSI SRS

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}C0set

_I_
O chamcterSR
r_ xyz
O:x" | g=1 ~1 4 P.. = i ( .
+ 8 i, 7 R, 16 p,,=(1+R +p_+R )4
p=A4 1 1 1 1 1 1 |3 2mimep p, =(1+iR_-p iR )/4
+ 4 111 - =42¢ ' Ri= o
2 T REET= e p, =(1-R_+p,-R.)4
E|l2 1 2 0o o0 @\JM )
4 characters —(1-iR -p +i
T, 3 0 -1 1 -1 2rtim,p L ps, (1-iR _-p_+iR )/4
+ dm4_e 4
, |3 o0 1 a1 1 R’

rC,=r, {l,pZ,RZ,ﬁZ} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ N fﬂ “(9)e for subgroup chain ODD4DCy

Pm4m4 — pm4P,u — I),upm4 m4m4 ” OO
(Deriving diagonal irreducible O-representation (“irep’”) components D (g)
Z—(%“* g(p™)

U [T g Mo, 1* my ma my o~
[f ](;{1 )- (1+d p.+dy R, +d; R )i :(59’2 j(1-1+d;1:pz+d;jRZ+dRZRZ):(€9)2 j( 1-1+dpzpz+dRzRZ+dRZRz)

24
(%)(;{p) p. (1+d;?pz+d;jRZ+d;:1~lz)i:[w9—)2’f}(1-pz+d::1+d;:l~lz+d;:Rz):(W9—)2’f)(d 1+1-p,+d; R +d, R )

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}C0set

_I_
O characterSR
r_ xyz
O:x" | g=1 ~1 4 P.. = i ( .
+ 8 i, 7 R, 16 p,,=(1+R +p_+R )4
p=A4 1 1 1 1 1 1 |3 2mimep p, =(1+iR_-p iR )/4
+ 4 111 - =42¢ ' Ri= o
2 T REET= e p, =(1-R_+p,-R.)4
E|l2 1 2 0o o0 @\JM )
4 characters —(1-iR -p +i
T, 3 0 -1 1 -1 2rtim,p k ps, (1-iR _-p_+iR )/4
+ dl’l’l4_e 4
, |3 o0 1 a1 1 R’

rC,=r, {l,pZ,RZ,ﬁZ} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ N fﬂ “(9)e for subgroup chain ODD4DCy
P.. =p" P =Pp™ R 00 o
(Deriving diagonal irreducible O-representation (“irep’”) components D n,(8)
Z—(%“* z(p")

[fu](;ﬁ) 1(1+d,'p, +d; R, +d, R)i :( v

s

1-'1+d, p.+d; R.+d_ R, |= 1-1+d, p.+d; R_+d, R,
P z z z z z

24

¥ % (24)-p. (144, p. +dy R, +d, R)jL [gu;fj)(ypz+d;"z41+d;"fliz+d;"‘Rz):(€;L6’f](d 1+1-p,+d, R +d, R,
) |
+\% (i) R.(1+d, p. +d; R, +d, R)j1

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}Coset

_I_
O characters
O: " 4 Ry
Xg | 870 Py & li-6 [ = R
+ 8 i, 7 R, p,,=(1+R +p_+R )4
p=A4 1 1 1 1 1 1 |3 2mimep P, :(1+iRz_pz_iRz)/4
__25 e 4 I{§22< 4 3
+ AZ 1 1 1 '1 '1 4 p O\fv\} p24:(1-RZ+pZ-RZ)/4
E |2 1 2 0 0 fé\/\—/\ )
4 characters —(1-iR -D +i
T, 3 0 -1 1 -1 2rtim,p k ps, (1-iR _-p_+iR )/4
+ cim4"e 4
T, |3 0 -1 - 1 R’

rC,=r, {l,pZ,RZ,ﬁZ} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ fﬂ " (9)e for subgroup chain ODD4DCy
— pm4P.U — Pllpm4 o OO S .
(Deriving diagonal irreducible O-representation (“irep”) components D“ n,(8)

m47’ﬂ4

Z—(%“* g(p™)

[52]()(1) (1+d p.+d, R, +d; R )i :(W;é{"*j(l.l+dgjpz+d;jRZ+d;’jﬁz):(£“9)é{‘*j( 1'1+dZ:Pz+d;:Rz+d;:RZ)
an o om ms N1 (X5 vy om o ol
+ a)(}(,ﬁ‘z)-pz(1+dpzpz+dRZRZ+deRZ)Z:[ 96”1 )(1'pz+dpz1+dRsz+diesz):( 96”2 )(d 1+1- p+d R +d R)

N % (xﬁ’:).RZ(Hd:jpz+d;:RZ+d;:ﬁz)i:[gugjfj](l-Rz+d:liz+d;jpz+d;jl):

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}Coset

_I_
O characters
O: " 4 Ry
: = - 1 ( ~
+ %g g f1—4 pxyZ nyZ 1-6 p04=(1+Rz+pZ+Rz)/4
:u:Al 1 1 1 1 1 1% 27”':14?1{]) p14:(1+iRz_pz_iRz)/4
“Yoe _ ) i
+ A, 1 1 1 -1 -1 a4, f p24:(l_Rz+pz-Rz)/4
E |2 1 2 0 0 f\—/v“ )
S Cy chaz;gﬂpers | p, =(l-iR -p_+iR )4
+ d"=e 4
T, |3 0 -1 - 1 R?

rC,=r, {l,pZ,RZ,ﬁZ} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ fﬂ " (9)e for subgroup chain ODD4DCy
— pm4P.U — Pllpm4 o OO S .
(Deriving diagonal irreducible O-representation (“irep”) components D“ n,(8)

Z—(%“* g(p"™)

[52]()(1) (1+d p.+d, R +d; R)i :(6“992{‘*)(1.1+d;?pz+d;jRZ+d;’jﬁz):(£“9)é{‘*j( 1'1+d::Pz+d;:Rz+d;:RZ)

s % (l,ﬁi*)'l)z(lﬂLdZ:pz+d;jRZ+d;:ﬁz)i:[gu;fj)(l'l)z+d:1+d;:ﬁz+dijz):(€u£gj](d 1+1-p.+d, R +d, R )
. % (%ﬁj).Rz(Hd:jpz+d;:RZ+d£:ﬁz)i:[5“9)25](1-&+dsjﬁz+d;jpz+d;:1):(ngéﬁjj(dngdepz+1-RZ+d;"jl~lz)

+

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}Coset

_I_
O characterSR
I
O: x| g=1 T ( )
+ %g g f1—4 pxyZ nyZ 1_6 p04=(1+Rz+pZ+Rz)/4
:u:Al 1 1 1 1 1 1% 27”':14?1{]) p14:(1+iRz_pz_iRz)/4
“Yoe _ )
+ A, 1 1 1 -1 -1 a4, f p24:(l_Rz+pz-Rz)/4
E |2 -1 2 0 0 f\—/v“ )
S Cy chaz;gni(frs | p, =(l-iR -p_+iR )4
+ d"=e 4
r, |3 0o -1 -1 1 R

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu

”M”M

— pm4Pl~l — P'upm4

m4m4

Z—(%“* g(p™)

24

PH
24

f;u

24

(;U

24

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}Coset

_I_

_|_

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset

[5”](%) 1(1+d,'p, +d; R, +d, R)i =(€M£*
S ()(,ﬁ‘j)'pz(HdZ:pz+d:jRZ+d;:ﬁz)%:[gu%’gj)(l'&+dsz41+d;:ﬁz+dijZ):(€M£gj](d 1+1-p,+d; R +d, R )

+| — (}(ﬁj)-Rz(l+ci;"jpZ +d, R, +d;:ﬁz)i _

+ j(%R) (1+d p,+d; R +d, R)j1

96
M Xe
96
xe
96

Jireare varm cam )= 22

O characters

f/«l
°0
(Deriving diagonal irreducible O-representation (“irep”) components D, ) n,(8)

Di (8)8

(1'Rz +d,'R_+dy p. +d1§:1) B

(LR +dR +d; 1+d;'p.) =

. r_4 vz,

0: %g g:1 ~ pxyz l1—6

4 xyz

u=4 | 11 1 1 1
4 |1 1 1 a4
E 2 -1 2 0 0
T3 0 -1 1 -
T, |3 0 -1 -1 1

for subgroup chain ODD4DCy

s

Xk
96

xe
96

2wimy,-p

19 44 P
=—> e R7=;
my 4p O\N\}

r\—/v\

C4 characters

2mimyp

m
d*=e *
RP

d. 1+d, p.+1-R_+d R,
2 z Pe

(dZ:1+dgij +d, R, +1-l~lz)

p, =(1+R_+p_+R )4
4

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

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

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

j( 1-1+d;'p,+d, R, +d; R
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General development of irep projectors pu

”M”M

— pm4Pl~l — P'upm4

m4m4

Z—(%“* g(p™)

24

PH
24

f;u

24

(;U

24

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}Coset

(zu](% Jo.(1+d;prd R+ R )

24

_|_

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset

[W](xl) (1+d p.+d, R +d, R)éll :(W;gf*
+| — (}(gz*).pz(1+d;:pz+d;ij+d;:l~lz)i:
| (}(ﬁj)-RZ(1+d:pz+d;:RZ+dg:ﬁz)i:

+ ](%R) (1+d p,+d; R +d, R)j1

96
M Xe
96
xe
96

Jireare varm cam )= 22

O characters

[.U
°0
(Deriving diagonal irreducible O-representation (“irep”) components D, ) n,(8)

Di (8)8

(1'Rz +d,'R_+dy p. +d§:1) B

(LR +dR +d; 1+d;'p.) =

. r_4 vz,

0: %g g:1 F pxyz l1—6

1-4 xyz

u=4 | 11 1 1 1
4 |1 1 1 a4
E 2 -1 2 0 0
T3 0 -1 1 -
T, |3 0 -1 -1 1

for subgroup chain ODD4DCy

s

Xk
96

i
96

2wimy,-p

19 44 P
=—> e R7=;
my 4p O\N\}

r\—/v\

C4 characters

2mimyp

m
d*=e *
RP

[gu%’f)(l.pz+d,§"fl+d;"fﬁz+d§fRz):(W9igj](d L1+ 4R 44, R,
(dgjl+d;”jpz+1°Rz+d:RZ)

: (dgj1+dgjpz+dZ:Rz+1-ﬁz)

p, =(1+R_+p_+R )4
4

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

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

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

j( 1-1+d;'p,+d, R, +d; R
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General development of irep projectors pu  _ fﬂ " (9)e for subgroup chain ODD4DCy
— pm4P.U — P/lpm4 o OO S .
(Deriving diagonal irreducible O-representation (“irep”) components D“ n,(8)

m4m4

Z—(%“* g(p™)

g,u | g# H my my my o~ f'u M my my my £~
[24](;51) (1+d p.+d; R, +d, R)4 :( 9’2 j(1-1+dpzpZ+dRZRZ+dRZRZ)=( 9721 j( 1-1+dpzpz+dRzRZ+dRZRz)
Ell * my my m4 o~ 1 gu o m4 my o~ my K‘u o
+ 1 (Zgz).pz(1+dpzpz+dRZRZ+dRZRZ)Z:[ 9)2/31 )(1.pz+dpz1+dRZRZ+deRZ):( ;2’% (d 1+1-p, +d R +d R)
fﬂ s my my my =~ 1 Ku%ﬁ* my =~ my my fﬂ%ﬁ* my my my ~
H oo (;(ﬁz)-RZ(1+dpzpz+dRZRZ+dRZRZ)Z: o ('R, +d, R, +d,'p,+d; 1)= o (g 1+d;'p.+1R, +d, R,
('u 1 gulg* ~ my ma m4 E‘u%iﬁ:* my my my ~
+ 24](%) (1+d)'p. +d; R +d; R)4 e ('R, +d, R, +d, 1+d; p,)= e (g 1+d;'p.+d; R +1-R,|
pxC4 = px {l’pz’RZ’ﬁZ} = {px ’py’i4 ,i3}COS€t
K“ my my my _~ 1 g,ux,u* my my my
(24](Zp ) p (l_i_dpZ pz+dRZRz+d1§ZRz)Z:[ 96Px (1'px‘|‘dpZ py+dRzl4+d1~€Zl3):
O characterSR
r
O: H =1 1-4 ~xyZ i ( S
; To | 87 5, Poe g T p, =(1+R_+p_+R )/4
;u:Al 1 1 1 1 1 li 27”:”4'17Rp p14:(1+iRz_pz_iRz)/4
13 |
+ 4, 1 1 1 -1 -1 M 4T~ F D, =(1'RZ+PZ'RZ)/4
E |2 a1 2 o0 o0 fC\—/v\ 4 )
characters —(1-iR -0 +i
. T30 a1 P iy | P (R AR
, |3 o - a1 dp=e °

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset

Tuesday, April 7, 2015 37



General development of irep projectors pu  _ fﬂ " (9)e for subgroup chain ODD4DCy
— pm4P.U — P/lpm4 o OO S .
(Deriving diagonal irreducible O-representation (“irep”) components D“ n,(8)

m4m4

Z—(%“* g(p™)

[52](%1 JA(1edp +dR ] R )411 :(Wgﬂg*j(l-1+d;:pz+d;jRZ+d;jI~{Z)=(€u9)g*j( 1-1+d;'p,+d, R, +d; R
N % (Zgz*).pz(1+d;’jpz+d,’;’jkz+d§:ﬁz)i=[gug’fj)(ypz+d§z“1+d;"jliz+dijZ):(€u9igz*](d 1+1-p +d; R, +d, R)
' 5_4 (Xﬁ’z").Rz(lnLdepz+d;jRZ+d;:liz)i: ”9’25 ('R, +d, R, +d,'p,+d; 1)= ”9’25 (g 1+d;'p.+1R, +d, R,
+ ﬁ:](%) (1+d p.+d; R, +d, R)j1 gu;fj (1-liz+d:fRZ+d§fl+d§:pz)= 6“9;2{ (del+d§fPZ+deRz+1-ﬁz)

A M

p.Cy =P, {l’pz’Rz ’ﬁz} = {px’py’i4 ,i3}Coset
: ](1 P, +al:jpy +d,;":i4 +d;:i3)

M oq, 1
L R A BTN AN

24

O characters

R
r_ xyz
Oy |g=t ™ p S i . ( -
+ 8 i, 7 R, p,,=(1+R +p_+R )4
p=A4 1 1 1 1 1 1 |3 2mimep P, :(1+iRZ_pZ_iRZ)/4
=—Ye 4 RJZU:< 4 3
+ AZ 1 1 1 '1 '1 4 4p O\N\} p24:(1-RZ+pZ-RZ)/4
E |2 -1 2 0 0 fC\—/v\ )
4 characters —(1-iR -p +i
T, 3 0 -1 1 -1 2rtim,p k ps, (1-iR _-p_+iR )/4
+ dm4_e 4
, |3 o0 1 a1 1 R’

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ gu " (9)e for subgroup chain ODD4DCy
— pm4P.U — P/lpm4 o OO S .
(Deriving diagonal irreducible O-representation (“irep”) components D“ n,(8)

Z—(%“* g(p"™)

[52]()(1) (1+d p.+d, R +d; R)i :V“;é{‘*j(l.1+dgjpz+d;jRZ+d;’jﬁz):(£“9)é{‘*j( 1'1+dZ:Pz+d;:Rz+d;:ﬁz)

s % (x,ﬁ‘z*)-pz(1+djz4pz+d;'ij+d;’jﬁz)i:[Wﬁf)(l-pz+d§fl+d§fﬁz+d;’ij):£€”9ff)(d 1+1-p,+d; R +d, R )
N % (%ﬁf)kz(“d:jpz+d§ij+d2ﬁz)i: Wg’gﬁj (1-Rz+d:jﬁz+d;:pz+dg:1): W;éﬁj (dgj1+d;”fpz+1-Rz+d:1iz)
+ ﬁ:](%) (1+d p+d ‘R, +d, R)Lll gu;f (l-ﬁz+d:jRZ+d;:1+dg:PZ)= W;éﬁ (dZ:1+dngZ+dZ:Rz+l-liz)

p.Cy =P, {l’pz R, ’ﬁz} = {px Pyl ,i3}Coset

1 T
+(ﬁ (x(;f)-px(lﬂLdepﬁdeRz+d§fﬁz)i=[59)2’)6 )(l-px+d;4py+d;ji4+d;:i3):[€;gp" ](l-px+d;?py+d;:i4+d;:i3)

24

O characters

R
g# s my my my o~ 10 u —1 1’1_4 Xz . -
u 20: = . i, -
+(a (%py ) py (1+ dpz pZ + dRz RZ + dRz RZ) 4 %g g l~'1_4 pxyz nyz 1-6 P04=(1+RZ+PZ+RZ)/4
u=4, | 1 1 1 1 1 {3 dmim,p p, =(1+R -p_-iR )/4
4 111 . = Xe¢ * Ri= N
t 2 T REET= e p, =(1-R_+p_-R.)/4
E|l2 a1 2 o o fC\—/M )
4 characters —(1-iR -p +i
T, 3 0 -1 1 -1 2rtim,p k ps, (1-iR _-p_+iR )/4
+ cim4"e 4
T, 30 -1 -1 ] R?

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu

m4m4

— pm4Pl~l — P'upm4

Z—(%“* g(p™)

f‘u
24

{5

PH
24

f;u

24

PH
24

+

pxC4
zl«l
+| —
24
f“
+| —

24

_|_

_|_

& (}(ﬁj).RZ(qudepz+d;jRZ+d;’:ﬁz)i:

=p,{1.p..R

](;{1) 1(1+d,'p.+d, R +d, R)i :L o

. ()(gj)-pz(1+dgjpz +dy R, +d;’:fzz)i =[

](%R) (1+d p,+d; R +d, R)j1
ﬁz}:{px,py,i4,i3}Coset

(1) .1+ d) p +dy R 4R ) =

(lg*).py (1+d;,"jpZ +d,'Z‘RZ +dg:fzz)i _

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset

”M”M

s

s )(,’;‘*
96

M Xe
96
0k
96

s x;‘
96

s x;‘y
06

gu
OO

Di (8)8

(l-px +d, p,+d, i, +d;:i3) =

(l-py +d)'p, +dy i, +d1§:i4) -

my 4pO\N\I

r\—/v\
Cy4 characters

2mimyp

(1'Rz +d,'R_+dy p. +d1€41) B

(LR +dR +d; 1+d;'p.) =

for subgroup chain ODD4DCy

m4 m4 my ~ f,u%,u*
j(ll‘|‘(ipz pZ +dRz RZ +diéz RZ):( 961

E”x;‘*

Z)(1-@+d;"§1+d§fﬁz+d5:Rz):( %6

u

Xk
96

xe
96

‘LL*

13
=—Ye

My _
dRP e

4 Rzp:<

-

4

(Deriving diagonal irreducible O-representation (“irep”) components D, ) n,(8)

vtedzo vaman,
Z](d 1+1-p,+d; R +d, R )
: (dgj1+d;”jpz+1'Rz+dZ:RZ)

(dZ:1+dgij +d, R, +1-l~lz)
" ](1-px +d, p,+d, i, +d;:i3)

14 X
96

2mimyp

p, =(1+R_+p_+R )4
4

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

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

p, =(1-iR_-p_+iR_)/4
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General development of irep projectors pu

P, =p" P =Pp™

2—(%“*

gﬂ
24

{5

PH
24

fﬂ

24

PH
24

+

F%(j4
ﬁﬂ
+| —
24
f“
+| —

24

_|_

_|_

L (}(ﬁj)-Rz(1+d;?pz+d;jRZ+d;:ﬁz)i=

=p,{1.p..R

2(p™)

](;{1) 1(1+d,'p.+d, R +d, R)i :( o

£ (%,’f) p(1+d p.+d, R +d, R)jL [

](%R) (1+d p,+d; R +d, R)j1
ﬁz}:{px,py,i4,i3}Coset

(22) o1+ p +d R+ R ) =

(%F/;;*).py (1+d;jpz +d, R, +d§jﬁz)i —

rC,=r, {l,pZ,RZ,f{Z} = {r1 I, ,il,Ry}Coset

”M”M

s

s )(,’;‘*
96

M Xe
96

xe
96

s x;‘
96

s x;‘y
06

gu
OO

Di (8)8

Jireare varm cam )= 22

Z)(1-@+d,l"§1+d§fﬁz+d5:Rz):( %6

(l-px +d, p,+d, i, +d;:i3) =

(1-p,+d; p +dy iy +dy i, )=

(1'Rz +d,'R_+dy p. +d1€41) B

(LR +dR +d; 1+d;'p.) =

(Deriving diagonal irreducible O-representation (“irep”) components D

s

E”x;‘*

Xk
96

xe
96

s x;‘
06

s )(g;
06

for subgroup chain ODD4DCy

n,(8)

j( 1-1+d;'p,+d, R, +d; R

z](d 1+1-p,+d; R, +d, R, |

d. 1+d, p.+1-R_+d R,
2 z Pe

(d;":1+dgjpz +d, R, +1.l~lz)

(1-px +d, p,+d, i, +d;:i3)

( d,'p.+1-p,+dy i, +d;’ji3)

Tuesda
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General development of irep projectors pu

P, =p" P =Pp™

Z—(%‘“‘ g(p™)

g/l
24

{5

](;{1) 1(1+d,'p.+d, R +d, R)i :( o

* % (25) p(1+d p.+d, R +d; R )i [
+ % (%ﬁj)-Rz(lﬂLd:pz+d;jRZ+dgjﬁz)i:
i ﬁ:](%) (1+d p,+d; R +d, R)j1
PxC4:Px{1,PZ,R ﬁZ}:{pxaPyai4,i3}Coset

z/«l
24

PH
24

fﬂ

24

_|_

(&

£ ()(g*).py(1+d:‘pz+d:ij+dg:1~lz)i:

(22) o1+ p +d R+ R ) =

— (), (1+d:pz+d;"jRZ+d1€41~12)i:[ o

rC,=r, {l,pZ,RZ,f(Z} = {r1 I, ,il,Ry}Coset

mymy

gu
OO

Di (8)8

(Deriving diagonal irreducible O-representation (“irep”) components D

T _ T
i j(1-1+d;1:pz+d;ij+d;4RZ):(€9)gl
“an iy me om %
- )(l-pz+dpz1+dRZRZ+deRZ):( o

M u* e » » M p*
9)2‘2 ('R, +d, R, +d,'p,+d; 1)= 9)2“
(“xg* N m4 m4 4 fﬂ%lﬁf
o (l-Rz+deRZ+dRzl+dRZpZ): o

/- x;‘
96

s )(;‘y
06

oyl

(l-px +d, p,+d, i, +d;:i3) =

(1-p,+d; p +dy iy +dy i, )=

](1-14 vd) i+ dy p, +d;’jpx)=[

oyl

* )(;‘
96
s )(g;
96

96

for subgroup chain ODD4DCy

n,(8)

j( 1-1+d;'p,+d, R, +d; R
z](d 1+1-p,+d; R, +d, R, |

= \d. 1+d, p.+1-R_+d, R,
2 2 Pe

(d;":1+dgjpz +d, R, +1.l~lz)

(1-px +d, p,+d, i, +d;:i3)
(dyp +1-p,+dy i, +dy i)
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General development of irep projectors pu

P, =P P =Pp™

Z—(%‘“‘ g(p™)

{5

g/l
24

](xl) 1(1+d,'p.+d, R +d, R)i =£ s

+ % (2) p(1+d p.+d; R, +d, R)jL [
oo ) R (1 p R R )=
+ ﬁ:](%) (1+d)'p. +d; R +d; R)j1
p.C.=p,{1.p.R.R }=1{p,.p,.i,.i; | Coser
+(% ()(g*)-px(1+d;"jpz+d;jRZ+d;jl~2Z)i:
" % ()(F’;;*)-py(HdepZ+deRZ+dg:1~{Z)i=
4 % ()(i’jj*)-i4(1+d:pz+d;"ij+d£jﬁz)i:
4 % ()(i’;‘*)-iB(ler:pand;ij+d;:ﬁz)i:

rC,=r, {l,pZ,RZ,f(Z} = {r1 I, ,il,Ry}Coset

”M”M

s

xt
96

M Xe
96
0k
96

s x;‘
96

s )(;‘y
06

oyl
96

oyl
96

gu
OO

Di (8)8

Jireare varm cam )= 22

: )(1-pz+d§jl+d§jﬁz+d;’:Rz):(

(1'Rz +d,'R_+dy p. +dg:1) B

(l-px +d, p,+d, i, +d;:i3) =

(1-p,+d; p +dy iy +dy i, )=
(14, +d) i, +dy'p, +d;’jpx)=[

(14, + 4,5, +d;”j1+d,;”jpy)=[

etc. eftc.

(LR +dR +d; 1+d;'p.) =

oyl

oyl

(Deriving diagonal irreducible O-representation (“irep”) components D

s

et

Xk
96

xe
96

s
96
X,
96

96

96

for subgroup chain ODD4DCy

n,(8)

j( 1-1+d;'p,+d, R, +d; R

6Z)(d 1+1-p,+d; R, +d, R, |

(g 1+d;'p.+1R, +d, R,

(d;":1+dgjpz +d, R, +1.l~lz)

(1p, 4 p,+dyi,+dy i,
(dy'p+1op,+dy iy +dy s

](d;jpx +dyp,+dy i, + 1
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00 Z'LL

General development of irep projectors pu  _ " (9)e for subgroup chain ODD4DCy
WMWM O() ”M”M
4
P,.=p,P=Pp, (Deriving diagonal irreducible O-representation (“irep’”) components D“ n,(8)

°0

Z—(x“*) g(p,, )= 2400(95”*) g (d1+dp, +dy R +dyR.)

. p, =(1+R_+p_+R_)/4
0 X g g=1 r1}34 P xXyz Rfyz 16 ' ~
3 2mimyp p, =(1+R -p_-iR )/4
u=A | 11 1 1 1 =—Ze o) P ;PR
o F =(1-R_+p_R )4
O characters % bbb K\Z/M o, ~ERTP: ~Z)
0 E |2 < 2 0 0 Cy characters | p (1R -p.+R_)4
g 2mim,-p \ 4 25z z
T, 30 -1 1 - am= . &
T, 30 -1 -l |

1C, =1{1,pZ,R R} pc,=1p.p.ini,} 1C ={r.r.i.R | r2C4:{r ri, R §C={f.5R 0 £C, ={&.F.R i)

", d dR ,d e 2o (1:d,"dy ) oo dn (Ldy dy o dy) vg e (Ld,y oy \dy) oo 2 (Ld, oy ) o 1k (Ld,) d,?,d,;’j)
“*<d d >+%xp d, 1-d,§ ;d ") tos X (d, 1 dy ,dRZ>+§;‘xr3 (dy 1 sy o) o6 28 (dy 1 dy d) +36 X “*<d dy dy )
b by dR ,1 d )+% 2y ,dR ,1 ) v 0 (g 1)) oo (s 1 dy) o 23 (dy g1 d, )+96xR( Ay \1.d,)

+3 X (d Z,:,dkzz-,d 1) vog X (dR dyd, ,1) +o0 Xk (dy g od, 1) + L Xk (dy, dy d, 1) o6 X1 (d;"j,d M) 4l j,d,;”j,d;”j,l)
R : u
.-Eac'h Of 24 cqlum-ns is'a sum of 4 products & x"d. that gives coefficient =5 D}, (&) of P!

96(71 y pZ ()R + (7R + _?px +2py+?_i et 2i3 + 70, + e+ 0+ ZRy +2r,+ e+, + IR, + 5+ e+ R 478, + % +2f~4+2Rx+2i5)

This Pn‘;m;sum 1s 1n order of left cosets g:Cs of Cs 1n O. (Examples follow.)
{l’pZ’RZ’Rz} {px’py’i4 ’i3} {rl’r4 ’il’Ry} {rZ ’r3’i2 ’Ry} {fl’f3’Rx’i6} {f.Z ’f4 ’Rx’iS}
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Splitting O class projectors PV into irreducible projectors P"m.m, for ODCy

Development of irreducible projectors PHu.m. and representations D" m.m.
* Calculafing PE0404 , PE2424 , PT10404 , PT1]414 , PT22424 , PT2]414 ,

A

<«

Tuesday, April 7, 2015
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Calculating P00,

P,

4Y4

p04PE = PEpo4

°0

0oC,

Adc,
A,dc,
— ElC,
e
ric,

O chamcters

g_l l.1p4 pxyz nyZ

2mimy p

L 6 dm4 —e 4

Z—(Jc (b )= 2o (2 (11419, 4R +IR)

I N chamcters
T T T SR B '@
2wimy,-p
2 1 2 0 3 !
)p _lz e 4 RP=!
3 0 '1 1 '1 my 4p=0 z
30 -1 -1 1

@+Rz+pz+ﬁz)/

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

p, =(1-iR_-p_+iR_)/4
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05C, |0, 1, 2, 3, .| O characters, 2imyp
. . ade, [ 1 O |87l ry Py, S d"”4 —e 4
Calculating P .0, ade, | 0 lp=a 1 1 111 (O R haracters @JFR o R
—>ele, (1) 0 o o a — oG [ =
rie, | T 1 - 1 T 1 3 y  2mimgp p, =(14+iR_-p_-iR_)/4
PE =p P"'=P" rde, | - 1 1 DP =12e 4+ R’=; 14
0,0, = Po, ' =1 Py, S I 3 0 - 1 e 405 ” p,=(1-R_+p R )/4
0 o3 0 < a1 T T T
2 ~ 2 ) o
2—(% ) g (I)O4 ) = 29—6(15) 'g '( 11 +1pz +1RZ + lRZ) i p34:(l_lR2_pZ+le)/4
8

~

1C4:1{1,pZ,RZ,l~(Z} p.C.={p.pipds} rC={r.r iR} rC,={rriR} £, ={f.5.R i} £C,={f.E R,
=i (Ldy d i) e (Ldy dydy )+ e (hd, dy o dy) + i (dydy dy) + gb(Ldy dy ) +ixe(d, dy dy)
waxh(d) 1 d, ) g () ) i xi(d,) Ly ) i gidy ) dydy) i, ] dy dy) rada(d, 1 dydy)
i Xr (dys dR 1, d D+ X (d°4,dR 1, d ) ks (dR ,dR 1.d)) +ix (dR ,dR 1, d )+ +i Xk, (dR ,dR 1, d ) +isXr (dR ,dR A1, d )
X (i iy D)y dy oy 1)+ () 1) e (dy g, 1)+ gidy dy d) 1) 20y dy dy 1)
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0oC, |0, 1, 2, 3, . O c}pzamcters _ 2im,p
. . AI\LC4 | B . . OZZg g_l F_4 pxyz nyz L 6 dm4 —e 4
—>ele, (1) 0 o o a — o [\ ST
ric, |1 1 - 1 > 1 > D |3 2mimgp pl4:(1+iRz_pz_iRz)/4
P, =p,P"=P'p e, 1 1 ]y o1 Pn=;2e¢ * RI= )
0404 04 04 1 * 4P=0 P, =(1—RZ+pZ-RZ)/4
002 T 30 -1 -1 1 ! i
2_()( )8 (p04)229—6()(g )g( 11+1-p, +1-RZ+1-RZ) p, =(-R -p +R )/4
8

1C4=1{1,pZ,RZ,l~(Z} p.C.={p.pipds} rC={r.r iR} rC,={rriR} £, ={f.5.R i} £C,={f.E R,
=i (Ldy d i) e (Ldy dydy )+ e (hd, dy o dy) + i (dydy dy) + gb(Ldy dy ) +ixe(d, dy dy)
* i (dy Ly i g (d) 1 dy ) bl ) dy o dy) AL dy ) i id, Ly ) e dydy)
fo (g L)) gy dy L dy)) i (dy dy L)) i (dy dy L d) g (dy L d)) e (dy oy L)
v (dy dy ) 1) ) xi(dydy 1)+ (dydy d,) D) +4gxﬁy(dRz,dkz,de,1) v didy dy d, 1)+ xidy dy d, D)
=G LALA+L+D) + (12X L+, 414D+ (D LAL+L+D) + (=D L +L+1,4D) + (D L+1L,41,+1) + (=1 L +1,+1,+1)
(P2 1A LAD) +,(F2X+1, 1+ L4D) 4L 1+ LD (DL 1+ L+D) (=11, 1+ L+ +(—1X+], 1 ,+1L4])

(O HLAL 14D+, OX+L+L 1,41+ OX+L+L 1,4+ +,5( OX+L+L 1 ,+1) +,5( OX+L+L 1,41 +,5( OX+L+1, 1 ,+1)

s OAFLHLHL 1) +,5 OXHLAL+1, 1)+ OXFL+L+L 1)+, OX+L+L+1L 1)+, OX+L+L+1, 1) +,5( OX+L+1L+1, 1)
4, 4, 4, 4, 4, 4, 4, 4, -2,-2,-2,-2, -2,-2,-2,-2, -2,-2,-2,-2, -2,-2,-2,-2,
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02C, |0, 1, 2, 3, .| O characters, drimg p
AI\LC4 1 . . R :%g g:1 F_4 pxyz nyz 1 6 dm; —e 4
Calculating PE.0. ale,| - u=4a | 11 1 1 1 characters GJFR -y
—>zle, (1) I IR T T T B B ‘G U 2P,
rie, | T 1 - 1 1 2 0 y  2mimgp p, =(14+iR_-p_-iR_)/4
P, =p,P"=Pp G- L L ) 3 0 4 1>-(]1\.pm =iSe ¢ R :
004 = 0, 0 ! Ao P, =(I-R_+p. R )4
0 yE i 0 9 . T, 3 0 -1 -1 1 ! .
= 2%(9@ ) ‘8 .(p04 ) = 29_6(Zg ) '8 ( 11 +1.pz +1.Rz + lRZ) \ p34:(l_lR2_pz+le)/4
8 8

1C,=1{1,p. R_R_} pC,={p.p.i.i,} rC,={r.r.i.R} rC ={r.r.i.R} PC, ={F.5.R i} £C, ={F.5.R i

_ 1 E 04 04 04 1 E 04 0 04 1 E 04 04 04
_48%1 (1, dpz ,dRZ ’diéz) +48 %px(l’ dpz ,dR: ,dkz) +48%l‘1 (1’ dpz ,dRz ,dkz)

1. E 0, 7"
+48%r2(1’dpZ Ay

Z

dy)

1. E 0, 0q 04 1.,E 04 0, 04
axb (LY dy dyY) i (hd, dydy)

Zz

1 E 04 04 04 1 E 04 04 04 1 E 04 04 04 1 E 0 0 04 1 E 04 04 0 1 E 04 04 04
+48sz(dpz ,1 ,dkz ,dRz )+48%py(dpz ,1 ,diez ’dRz) +48%I’4(dpz ,1 ,dRZ ,dRz) +48X1‘3(dp:’1 ,dﬁj,dRz) +4§%f'3(dpz ’1 ’dRZ ,dR:) +48Xf'4(dpz ,1 ’diéz ’dRZ)

1. E 0, 04 04 1 . E; 30 04 04 1. E 04 04 0
+48%Rz(dii’Z ’dRZ’1 ’dpz)+48%i4(d1§:ad]q 91 ’dpz) +48Zi1(d1~31 adRZ,I ,dp:)

Z

1 E g™ 4% 4% 1 L E; 30, % 4% 1 LE ; 70, 3% ;04
+3 X g (a’RZ,dR ’dpz’l) +,3 Xi (dR4’die ,dp 1) + Xk (dR4’die ,dp 1)
z Z 3 Z 7 Z y Z 7 z

(DL +L+1L+])
(DL T 1L+
i COXHL+L, 1 ,+1)
O FLAL+L, 1)

= (P20 L, 4+1,41,41) +, (42X L, +1,+1,+1)
s (F2X+1, 1+ LAD) + 5 (F2X+1, 1 ,+1,4])
+5COXHLHL 1,41 +,5( OX+L+1, 1 ,+1)
+418( OX+L+1L+1, 1) +4l8( OX+L+1L+1, 1)

l E 04 04 04
+48%i2(diez ’dRZ 1 ’dpz)

1 E 04 04 04
F e (dy oy d, 1)

(DL +LA+1L+])
(DL 1 +1L+D)
+5C OX+L+L 1 +1)
+is( OX+L+L+1, 1)

1 E 04 04 04 1 E 04 04 04
fde (dy dy 1))+ (dy dy 1 d,)

1 E 04 04 04 1 E 04 04 04
+48%i6(dRz’d]~gz’dpz’1) +48Xi5(dRz’d[ez’dpzal)

+ (DL 41,41,+1)
+u(—IX+1, 1, +1L+])
+,5C OX+L+1, 1 ,+1)
15 OX+L+1L+1, 1)

+s (DL 41, +1,+1)
+u(—IX+], 1,410
+,5C OX+L+1, 1 ,+1)
1 OX+L+1L+1, 1)

4, 4, 4, 4, 4, 4, 4, 4, -2,-2,-2,-2,

-2,-2,-2,-2,

-2,-2,-2,-2, -2,-2,-2,-2,

B, =) (I p IR R +lplp it e i (R, e R, R 0R R, R R,
Coset-factored sum:

P(io4 :112[(1)'117’04 +(1)'pxp04 +(—§)-l’1p04 +(-%)°1’2p04 +(—§)-l~'1p04 +(—%)-l~'2p04]
Broken-class-ordered sum:

Poljo4 :112(1'1 '%rl'%rz —%1'3—%1'4 _%fl_%fZ '%f'3'%~4 +1px+1py+1p _%Rx_%Ry +1Rz _%Rx_%ﬁy +1Rz _%il_%iZ +1i3 +1i4 '%is'%i6)
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ooc, [0, 1, 2, 3, O characters 2rimgp

AI\LC4 | . .10 %g g=1 l.1}34 pxyz ngz i1—6 dm; —e 4
Calculating PE;,2, ale,| - 1 w=a | U1 111U Oy characters ( _1+R +0+R YA
—>ele, (1 (D) | o 0 — . | PoTUTRTPTE,
rie, |1 1 - 1 1 2 0 y  2mimgp p, =(14+iR_-p_-iR_)/4
P, =p, P"=P'p S R S N ST B T | R 1301\. P~ Jie RI=) -
2424 24 24 1 4 4p=0 @-Rz + pZ -RZ)/4
0 yE i 0 9 . T 3 0 -1 -1 1 - ~
- Z%(%g ) ‘8 .(p24 ) - 29_6(%37 ) '8 ( 11 +1.pz_ 1.Rz_ 1R23 \ p34:(l_lR2_pz+le)/4
8 8

1C, = l{l’pz’Rz’Rz} p.C, = {anpyah ,13} rC, = {1‘1,1‘4 ’ll’Ry} r,C, = {r2>r3’12’Ry} rC, = {rl’rS’Rx’l6} r,C, = {f'z E LR
1. E 24 % Ju 1 E 24 24 24 1 E 24 24 24 1 E 2% 9 24 1 E 24 24 24 1 . E 24 L

:48l1 (1’dpz ,dRZ ’dkz) +4§ %px(l’dpz ,dRz ,dRz) +4§%r1(1’dpz ,dRz ,dkz) +4§%r2(1,dpz ,de ,djéz) +4§Zfl(1’dpz ,dRz ’df{ ) +4§%f2(1,dpz ,dRZ ,dRZ)
1 E 24 24 24 1 E 24 24 24 1 E 24 24 24 1 E 24 24 24 1 E 24 24 24 1 E 24 24 24

+48sz(dpz ’1 ,dkz ,dRZ )+48xpy(dpz ,1 ,diez ’dRz) +48xr4(dpz ,1 ’diez ,dRz) +48%r3(dpz ,1 ’di?z ,dRz) +4§Xf'3(dpz ’1 ’dRZ ,dRz) +48Xf4(dpz ,1 ,diez ’dRz)

24

1 E 324 4% MN 1 Ep g% g% 2 1., Ep g% g™ 24 1, Ep g7 3% 24 L E o g7t g™ 24 1 E ¢ g2, 24
il (i sdi 1 ody )+ i (dy d 1 dy) 2 (dy de L ody) +i i (dy dy 1 dy) +i e (dy ody o1 od,) v X (dy oy o1 d,)

1. E 24 24 24 1 _E 24 24 24 1 _E 24 24 24 1 _E 24 24 24 1 _E 24 24 2 1. E 24 24 24
+48%Rz(dRZ ,diez ’dpz ’1) +48 Xi3 (dRz ,di?z ,dpz ’1) +48%Ry(dRz ’diez ,dpz ,1) +48%Ry(dRz ’diez ,dpz ,1) +48%i6 (dRz ,dkz ’dp: ,1) +48XiS (dRz ’diez ’dpz ,1)

= (2N L4+1,=1,=1) = (22X L, +1,=1,=1) 4+ (=1} L+1,=1,=1)  + (=1} L+1,=1,=1)  + (=X 1,+1,=1,=1) +,(=1)} 1,+1,=1,=1)
Fa(F2XHL L=1,=1) 442X+, 1,=L=1)  +5(=1X+1, 1,=L=1)  +(=1)+1, 1,=1L=1)  +5(=1X+1, 1,=1L—1) +,(=1X+1, 1,-1,-1)
i OX=L =1, L,4D) +,5 OX=L, =1, 1,+1) +.,( OX=1, =1, L+1) +,( OX=l, =1, 1,+1) +,.( OX=1, =1, 1,+1) +,( OX=1, =1, 1,+1)
i OX=L, =1, +1, 1)+, OX=1, =L +1, 1) 4,50 OX=1,=L,+1, 1) +,( OX=1,=L,+1, 1) +,( OX=1,=L,+1, 1) +,( OX=1, =L, +1, 1)

4, 4,-4,-4, 4, 4,-4,-4, -2,-2, 2, 2, -2,-2, 2, 2, -2,-2, 2, 2, -2,-2, 2, 2,

1 D . . 1 1 le 1 1 1 jKC I I~ 1~ 1D 1e 1~ 1~ 1 ls
12(11 +lpz_le_le +lpx+lpy_ll4_ll3 B EllzRy LY __2r32122Ry I LR, Tl 2h 4+2Rx215)

Coset-factored sum:
Pzsz4 2112[(1)'11324 ‘|'(1)'pxp24 "'(‘%)’1’11)24 "'(‘%)’rzpz4 +(—%)-f‘1p24 +(—%)-f‘2p24]

Broken-class-ordered sum:
P2E424 :1i2 (1'1 _%rl_%rZ —%l‘3—%l‘4 '%fl'%fz '%f'f%fl +1px+1py+1pz +%Rx+%Ry _1Rz +%Rx +%Ry _IRZ +%i1+%i2 _1i3 _1i4 +%i5 +%i6)
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05C, |0, 1, 2, 3, .| O characters, 2imyp
AI\LC4 | . R :%g g_l F_4 pxyz nyz L 6 dm4 —e 4
: T ,
Calculating P 9,0. ade, | 0 lp=a 1 1 111 (O R haracters ~ =
VDC\J p, =(1+R _+p_+R )/
Elcg {11 A, 1 1 1 -1 -1 4
qu‘LC4 @ 1 . 1 E 2 -1 o) 0 0 13 27”214'17 ) pl4:(1+iRz_pz_iRz)/4
T, T _ph rde, | 1 1 n=—2e€ RJ=1 5
P 0404 p04P P p04 St 3 O -1 D) ¢ 4P=0 p2 Z(l-RZ+pZ-RZ)/4
°0 T, 30 -1 -l 1 ! 3
Z—(x ) g (p,, )= Z—(% )go( 11+1p +IR +1R,) p, =(I-R -p_+iR )4

~

1C,=1{Lp.R.R | pC,={p.p,i,i,} nC,={rriR} rC ={nriR} ic, ={f.i.R i} £C,={E.F.R i
a2 (Ldy o d ) ey 0L d, g dy) vy l(Ld, dy dy) vyl (d, dy dy) +ixl(d, dj;j,d,‘;} e (,d,) dy dy)
oy ody )i, Ly )+, Ly dy) 32x;<d Uody ody) +hxi(d,) 1 dy dy) +520(d,) 1 .dy dy)
+ X (dR ,dR 1.d, D+axid, dRZ,l d,)) v xi(d, dRZ,l ) +axld, dR 1 ,d;4) o dn (dR ,dR 1.,d; )+ Xk (d dR 1 ,d;j)
+35%1{Z(dRZ’dRZ’de’1)+3§%£1(d1ez>d;jad;j’1) +35%Rly(dRz’d;:’d;j’1) +3§%R1y(d12:’d . D) +32%11(dR ,d dpz’l) 329511( d;j’l)
=53 L+L+1L+D) +5-D( L+1L+1L,+D) +50X L+L+1L+D)  +50X L+L+L+D)  + 20X 1L, +L,+1,4+1)  +20X 1,+1,4+1,+1)

(DL 1 AL+D +5(-DFL T A4L+D +50)+L 1 4+L+D)  +50X+L 1,44+ + 20X+ 1,45+ +2O0X+1, 1 ,+1,41)

t(FDELAL T+ +5(-DELAL T+D) +5(=DELHL TAD w5 (=1L 14D + SEDELFL T+ 5L+ 1 +])
tn(EDEFLHLHL 1) +5(-DELAL+L 1) 45 EDELHLHL 1) (DL +L+L 1) 4 (=D)LL 1) + 2 (=D FL+L+L 1)

4,4, 0,0, -4,-4,-4,-4, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0,
;(1l+1p +1R +1R_ -1p, -1p, -li,-li, +0r+0r,+0i+OR, +0r+0r,+0i,+0R +0Ff+0F+0R +0i; +OF+0F,+0R +0i;)
Coset—factored SUM.

P, = [(D1p,,  +CDpp, +O)rp, +O)r,p, +O)Fp, +0)F,p,]

Broken-class-ordered sum:
P(ﬁ% = (11 +0+0+0+0+0+0+0+0 +lp, -1p.-1p, +0+0+IR, +O+O+ll~{Z +0+0+0+0 -1i,-1i; )
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05C, |0, 1, 2, 3, .| O characters, 2imyp
AI\LC4 | . R :%g g_l rlp4 pxyz nyz L 6 dm4 —e 4
. T .
Calculating P 1,1, 1lc, 1 u=4 | 111 11y chamcters b, <(1+R_+p_+R 4
Ele, |1 - 1 4 |1 1 1 a1 — o, | P 2 C
—> 7l | @ """ E |2 a1 2 0 0 ERE
1)1T114 _ p14PT‘ _ PT1p14 e, | - T 1 3 0 1 D)m‘*: sz;‘oe R’=;
°0 T, 3 0 -1 -1 I .
2—(% )g(p, )= Z—(% )-g-( 11-1p,+iR iR p; =(-iR -p,+R )/4
g \
1C,=1{Lp.R.R | pC,={p.p,i,i,} nC,={rriR} rC ={nriR} ic, ={f.i.R i} £C,={E.F.R i
_32%11(1 d dR“,df) 32)(p (1, d d;‘,dlf) 32%r1(1 d dll?t’dlz) +32%;~1(1 d d;:,d;{) 32%r1(1 d dlz’dlz) 32%r1(1 d d;?t’dlz)
X (dy 1 dy dy D+ xp(d, 1 dy dy) waxl(d, ) dy dy) 32)(r1(d 1.dydy) +u2id, 1.dy.dy) + rxa(d, 1 dy dy)
+3§%Rlz(dfez’dRz’1 ’dpz) +3§ZiT41(d[gZadRZ,1 ,dpz) 32%1 (d dR ,1 ,dl4) +32%11( dR ’1 d ) +32% (d dR ,1 ’d:)t) 32% (d dR ’1 ’d:)i)
+iaXr (o sy 1) g il dy o dy D)+ 2) (diody Ay 1)+ 5000 (g o d, D) i xi(dy oy od, 1) 520 (g o, 1)
:3%(_'_3)(1 9_19+ia_i) +3l2(_1)(1 7_1,+i7_i) +3l2(0)( 17_1a+la_l) +3l2(0)( 1’_1’+l’_l) +3l2(0)( 1’_1’+l’_l) +3l2(0)( 1’_1’+l’_l)
+312(_1X—1, 1 ,—l,+l) +312(_1X_1, 1 ,_l,+l) +312(0)(_1, 1 ,_l,+l) +312(0)(_17 1 9_l,+l) +312(0)(_17 1 7_l,+l) +312(0)(_17 1 7_l,+l)

+ o (=1X=i,2+i, 1 ,=1)
+ o (F1(+i,—i,—1, 1)

+ o (=1X=i,+i, 1 ,=1)
o (F(+i,—i,—1, 1)

+ o (F1X=i,+i, 1 ,=1)
+ o (=1X+i,—i,—1, 1)

+o(F=i,+i, 1 ,=1) +5(=1)=i,+i, 1 ,=1)

+312(+1)(+l.,—l,—1, 1) +312(—l)(+i,—l,—l, 1)

+ o (F1X=i,+i, 1 ,=1)
+ o (=1X+i,—i,—1, 1)

+4,-4, 4i-4i, 0, 0, 0, 0, +2i, -2i,-2, +2, +2i, -2i,-2, +2, -2i,+2i,+2, -2

;(11-1p +iR -iR. +0p+0p+0i,+0i, +;r-;r,-3i, +R + 35,515, R, SE+HE+ R i
Coset factored sum:

P = [(D1p,, +O0)pp, +G)rp, +G)rp,  +EH)EP, +(5)F,p, ]
Broken-class-ordered sum:

P = ;(I1 +ir+5r, ry-ir, -fF, +HE+E, +0p+0p-1p, R +R +iR +1R +R -R,

-21,+2i,+2, -2.

Iz iz 1 1.
—_21‘2+21‘4+ le__215)

Lo L'o ° ° L'. L'.
LY +Ol3+014 -5 '216)
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05C, |0, 1, 2, 3, .| O characters, 2imyp
. AI\LC4 | .10 :%g g=1 4 pxyz nyz 16 d:l; —e 4
Calculating P'22,2, ade,| 0 lp=a |1 1 111 Cy characters | -
VDC\J p, =(1+R _+p_+R _)/4
e, 111 4, 1 1 1 -1 -1 4
ric, |1 1 T O T TP, |3 2mimgp p, =(14+iR_-p_-iR_)/4
T, _ T _ pl _ = _ 4 RP=! 4
P,=p, P =Pp, nic, L() |3 0 4 1 -1Pn 4,508 “ |, =R _+p R Y4
°0 KTz . °0 3 . VIR 3 0 -1 -1 ] - -
= 2%(%5’2 ) '8 .(p24 ) - Z%(%g_ ) '8 ( I1 +1.pz_ 1.Rz_ lRZ) \ p34:(l_lR2_pz+le)/4
8 8

1C, = l{l’pz’Rz’Rz} p.C, = {px’py’i4’i3} rC, = {rl,r4,i1,Ry} r,C,= {r2,r3,i2,l~1y} rC, = {fl’fS’Rx’i6} r,C,= {f'z’f'wa’is
o1 (Ld, dy d )y (,d,) d, ) e (Ld, dy dp) 420 (d, o dy dy) s (Ld, dy dy) +axe (Ld, dy dy)
t3 (L e (dy )y dy) vl (dy L dy dy ) +520(d, 1 dy dy) + 20 (d) ] dy dy) v (dy L Ly dy)
to i (dy ody 1 o, Vet (i i 1 od,) v (dy i 1 od,)) + 0 (dy dy 1 d,) b (A dy 1 od,) +0 0 (dy dy 1 d,)
rallic (e iy 1)+ 0 (dy oy 4, 1)+t (dedy oy 1)+ (dy dy oy 1) v (dy dy d, 1) w20 (dgdy d, 1)

=5 (3 L+L-1L,=D +5(-1)( L+1,-1,-1)  +5(0X L+L—-1,-) +5(OX L+1,-1,-1)  +5( 0O} L+L—-1,-)  +5,( OX 1,+1,-1,-1)
(DL L,=L=D) +5(—1)+1, 1,—-L=1)  +5(0X+1L 1,-L,=1)  +5( OX+L 1,-L—=)  +5( OX+1, 1,-1,-1)  +,;5( OX+1, 1,-1,—1)
(DL =1, LD +5(+I L =1, L+ +5(+I L =1, L+ 45+ 1= = LAD +5(—I =L =1, L+ +5(=1X=1, =1, 1,+1)
(DL =L+L D) +5(+ L =L +1L 1) +5(—I-L =L+, 1) +5(=IX-L-L+1, 1) +5+I-L =L+, 1) +5(+1X=1,—L+1, 1)
4, 4,-4,-4, -4,-4, 4, 4, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0, 0,0,

;(11+1p —1R_ —1R_ -lp -lp +li,+li;,  +0r,+0r,+0i,+0R +0r+0r,+0i,+0R +0F+0F,+0R +0i; +0%+0F,+0R +0i,)

Coset-factored sum:
P> = i[(O1p, +(D)-pp, +O)rp, +O)yr,p, +O)Fp, +(0)F,p,]

Broken-class-ordered sum:

P2234:§(1-1 +0+0+0+0+0+0+0+0 -Ip-Ip +1p, +O+O—1RZ+O+O—11~{Z +0+0+0+0+1i,+11; )
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2mimy p

O character S;j )
li-6 d=e 4
pO (1 z f z ~z)/4

4

oo¢, |10, 1, 2, 3,
AI\LC P B L1 0:x g g=1 r1}34 Y Xyz nyz :
. R
Calculating P21, ade,| 10 lp=a |1 U U 11 Oy characters
T A I T T SR B B @
ic, |11 - 1 £ s 1 9 0 0 i % 27ti;n4~pRp J@H‘Rz—pz—iRz)M
T, _ L _ph rdc, | - (1)1 1 i qP,=—2e€ .= -
1)1414 p14P p p14 hit. m Tl 3 0 1 1 o 4p—0 p24:(1-Rz+pz-Rz)/4
T, °0 3 , ~T2\ 3 0 -1 -1 1 -
%(Xg')'g ( I-1-1-p, +i‘R, —l'RZ) \ p; =(1-iR -p_+R )4
R,} £C,={f.E.R i} £C, =] R, i,

0

=§,f—0(ﬂc§’)'g°(pl4)=§,
1C, =1{L,p. R_R_} pC,={p..p.i,.i,} rC,={r.r.i.R} 1C ={rr.i,

=1 (Ld, .y dy) bk (Ld, dy i) v (d, dy dy) 40 (1d, dy dy) +uxi(d, d, dy) e (Ld, dy dy)

by (dy 1 dy ,d,é)+312)(;;(d2,1 iy ody) +3 20y ) dydy) +520(dy 1 oy dy) wnxa(d, ] dydy) e (d, ] dgdy)

bl (A1 od,) + 25 (d oy 1 d) 4t (dg di 1 od,)

b X (A d do 1) e (dy oy d, 1) 4t (deody d, 1)

+5( 0 1,=1,+i,~1)

FLO0N=L 1 —iti)

+ (= IX=i+i, 1 ,=1)

+ o (+IN+i,—i,=1, 1)

1,7, I4 14 I4 1.7 14 14 14 1.7, 14 14 14

i Xr (diody 1 ody) vy (dy dy 1 dy) +o 0 (dyydy 51 d,)
l T2 V] V] V]

+32%Ry(dRz’dfgz’dpzvl)

+5( 0 1,=1,+i,~1)

+ o (OX=1, 1 ,—i,+i)
+ o (—IX=i+i, 1 ,=1)
(1N (+i—i,—1, 1)

tp s (dy oy ,d, 1)
+5( 0 1,=1,+i,~1)

+3l2( OX_L 1 ,_l,+l) +3l2( O)(_l’ 1 ’_l’-l_l)
F (=i, 1=+ (=i, 1,=1)
o (I, =i,=1, 1)+ (—1)(+i,—i,=1, 1)

FoE IR 4+

X (dy dg o, 1)
+(—I(L ,=L+i,—1)  +5( 0X 1,—1,4i,—0)
+ o (—I0(=1, 1 ,=i,+0)
+ o (HIX=i,4i, 1 ,=1)

o (HIN(+i,—i,—1, 1)

= (431 ,—1,+i,—i)
+ o (—1X=1, 1 ,—i,+0)
+ o (—1X=i,4i, 1 ,=1)
T+ (— I (+i=i,=1, 1)

L i s 1IN ix iz 1 le

+0p+0p,+0i,+0i; -\r+.r+ i R
+(-)T,p, ]

(11-1p+RR,
Coset-factored sum:
+(0)-pp,, +(‘é)'r1p14 +(‘é)’r2p14 +(‘é)'1~'1p14
R-R-R, +i+i, +0i,+0i, +i5+ i)

P1214 - é[(l)'lp14
Broken-class-ordered sum:
PTW = é(l'l ‘é rl_é 1'2 +ér3+ér4 +él~'1 +é f'z 'é f3'é l~.4

1,1,
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ODCy induced representation 041 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 |=(r12|

(2 |X)

Solve XYs radial vibration K=a-matrix Solve SFs J-tunneling Hamiltonian H
(1lal1) <1lal2) --- <(llal6) R pissgtasiosess e am - dmlet [H F S S .S S\
Q2lal1l) (2lal2) -+  (2]al6) t h's s s s QI|H|1) {2|H|2) -+ <(2|H|6) Tai Hha Sisa8: 8 8
: el 8 s alint ®, E : . ip S aSw s AP 8228
il el ! i PR N e S § T BH 5 St
e S 8 s s kw0 : : A RAS S H T
(6lal1) <6lal2) --- <{ylal6) 5 LGIRID Gl GGt S s S S T HY
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ODCy induced representation 041 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 1=(rq2 |

lrp2)=16)

(6 1X)
Assuming Cy-local symmetry conditions for |1) state

11> = 1|1) = R;|1) = R3[1) = R3|1)

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS{ 1 |r, r, r, r,ir r, r. r,|RR R R;|R, R, R, R’ R} R}|i i, i, I

IJMS 1 r1 l.2 r3 l.4 fl fZ f.3 f4 px py p Z Rx R y Rz Rx R y Rz i1 i2 i3 i4
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ODCy induced representation 041 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 1=(rq2 |

lrp2)=16)

(6 1X)
Assuming Cy-local symmetry conditions for |1) state

1) = 1|1) = R5|1) = R3|1) = R3|1)
Using Cy-local symmetry projector equations P*=P%=(1+R;+ R%+ R3)/4
11> = P%|1) = (1 + Ry + R} + R3)|1) /4.

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS{ 1 |r, r, r, r,ir, r, r. r,| RO R R;|R, R, R, R R} R}|i i, i, i, i

IJMS 1 r1 l.2 r3 l.4 fl fZ f.3 f4 px py p Z Rx R y Rz Rx R y Rz i1 i2 i3 i4 i5

Tuesday, April 7, 2015

63



ODCy induced representation 041 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 1=(rq2 |

lrp2)=16)

(6 1X)
Assuming Cy-local symmetry conditions for |1) state

1) = 1|1) = R5|1) = R3|1) = R3|1)
Using Cy-local symmetry projector equations P*=P%=(1+R;+ R%+ R3)/4
11> = P%|1) = (1 + Ry + R} + R3)|1) /4.
These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3)
g) = gl1) = gR5|1) = gR3|1) = gR3|1)

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS{ 1 |r, r, r, r,ir, r, r. r,| RO R R;|R, R, R, R R} R}|i i, i, i, i

IJMS 1 rl r2 r3 r4 f‘l f'z f‘3 f‘4 px py pZ Rx Ry RZ R R RZ il iz i3 i4 i5

x y
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ODCy induced representation 041 O~A1®TiDE and spectral analysis examples
Fig. 4.3.1 PSDS

Thus we label states by
2-axis | left cosets reCy of Local Cy

(11> =11),12) = |R12>, 13 = Ir1),14) = Irp), 15) = |rf), 16) = |rZ)

{'” Ry? |
\ i \ 1C4s=C,=1{1,R;, R}, R}
X | RA(1, Ry, R3, R3) = (R%. iy, R, i),

b G —ry(1,R;, R3, R3) = (r1,i1, 745 Ry),
r2(1,1?3,1?§,1?g)== (rz,iz,r3,1?%),

r{(1, Ry, R}, R3) = (r, R}, r3,i6),
r%(l’ R;, R%, Rg) = (rzza Ry, r429i5),

Assuming Cy-local symmetry conditions for |1) state
11> = 1{1) = R;5|1) = R3|1) = R3|1)
Using Cy-local symmetry projector equations P*=P%=(1+R;+ R%+ R3)/4
11> = P%|1) = (1 + Ry + R + R3)I1) /4.
These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3)
g) = gl1) = gR,|1) = gR3|1) = gR3|1)

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS{ 1 |r, r, r, r,ir, r, r. r;|RR R R;|R, R, R, R’ R} R}|1i i, i, i, i I
IJMS 1 r1 l.2 r3 I.4 fl i:2 f3 f4 px py p Z R X R y R Z R R R Z il i 2 i 3 i4 i5 i 6

X y
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ODCy induced representation 041 O~A1®TiDE and spectral analysis examples
Fig. 4.3.1 PSDS

Thus we label states by
2-axis | left cosets reCy of Local Cy

{i1) = [1),]2) = |R2> 13> = 1r), 14) = |ry), 15) = |ri), 16) = |r7)

\

3‘&2,;:.:' x-axis \ 1C,=C, = (1, Ry, RE, RY
\1\\ : R3(1,Rs, R2, R3) = (R2,i,, R, i),
| N (1, RN, RS0, 0, 7 )
r5(1, R3, R3, R3) = (73,05, 13, R3),
r{(1, Rs, R3, R3) = (r2, R}, r2,iq),
r22(1,R3,R§,R§) = (r22,R1,r42,i5),

(6 1X) Compare to IJMS cosets
Assuming Cy-local symmetry conditions for |1) state on pages 25 -60:
Switch
1) = 1]1) = R,|1) = R21) = R|1) columns
Using Cy-local symmetry projector equations P4 =P%=(1+ R, + R} + R3)/4 ! (_W_Z_Z’ 2
1) = P%|1) = (1 + R, + R + R})|1) /4. {Lp.R.R.
These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3) {px,py, b
R,
g) = gl1) = gR,|1) = gR3|1) = gR3|1) } }}
ry,i,,R
{rnrs’ i |
1F,. B R |

O operators (Two notations.: Older Princ.of Symm.Dynamics and Spectra. and Newer Int.J.Mol.Sci)
PSDS{ 1 |r, r, r, r,ir, r, r. r;|RR R R;|R, R, R, R’ R} R}|1i i, i, i, i I

IJMS 1 r1 l.2 r3 l.4 fl fZ f.3 f4 px py p Z Rx R y Rz Rx R y Rz i1 i2 i3 i4 i5 i6
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ODCy induced representation 04C4)T0O ~A1®TiDE and spectral analysis examples
* Elementary induced representation 04.C4)TO

Projection reduction of induced representation 04C4)TO

Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy

<«
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

y-axis (5 [=(rq2 | Thus we label states by
2axis | : left cosets r¢Cy of Local Cy

’ 17/ ey
LN R ,. R12|
1 \ 1C4=C,=1{1,R;,R}, R}
Z-axi1s ] -3 Ri(1,R3, R3, R ) (Ri, i, RS, 3);
or Q iy s
3-aXi’§\€‘ (3'—(I'1 |\r( R39R§’R3) (rl’ll,r4s 2)
r,(1, R3,R§,R3) (5. .75 R%),
{1 R3> R%, g} 2 2 3 . ,
(??f}. ( , R3, R3, R ) (1 Rl’r3’l6)’
& :
l l |r22)= |6) < \ r2(1 R3’R§’R3) ( r3, R1>"4"5)a
=(6 | X)

This “coset-basis™ spans a scalar 04 Cy) induced representation 04C4)TO
i4| 1>=i4| 1>v i4| 2>=i4Rf| 1>’ i4| 3>=i4r1|1>’ i4|4>=i41‘2|1>, 4|5>_i I | > 4| 6>_1 r | >
=Ri|1), =R, =iJ1), =id1). =ij1), =i[1).

=[2), =[1), =[6). =[5). =[4), =[3).
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

o acivetg | Thus we label states by
P | : left cosets reCys of Local Cy

—(21X) 8 Rq2 |
L .. \ 1Cy=C,={1,R;, R%, R)
Z-axis XY Rlz(l,R3,R§ Rg) = (R%a’mR%’%)a
3—g§(is\\e}\ (31=Crq | $——ry(1,R3,R3, R3) = (r,iy, 14, Ry)
. ro(1, Rs3, R3, R3) = (12,1, r3, R3)
3-axis 1C4=Cy = {1, Ry, RS, R3) | r3(1, Ry, R2, R2) = (P2, R, 12, i)
|r22)=|6)‘ r%(l,R3,R§,R§)=(r§,Rl,r42 ‘5)
I N

This “coset-basis™ spans a scalar 04 Cy) induced representation 04C4)TO
i4| 1>=i4| 1>’ i4| 2>=i4Rf| 1>’ i4| 3>=i4r1|1>’ i4|4>=i41‘2|1>, i4|5>=i41’12| 1>’ i4| 6>=i41‘22| 1>'

RID,  RID, A, SN, SN, =),
=[2), =[1), =[6). =[5, =[4). =[3).
For example here 1s 04 Cy) induced representation 04C4)TO(ia)
, , , N 1) 12) [3)]4) 15) 16)
QY R Rl |
(2fi1) 2f2) o
0,To(s \_ _ (3] -1
4 (14 )_ - <4 . . ]
(5] i
(el (62 () ) e - /
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

Thus we label states by

y-axis (5 |=(rq2 |
: left cosets reCs of Local Cy

or ;
2-axis I ; ‘bﬁ’
N

a2 2 1=(Rq2 |
- \ 1C4=C, = {1,Ry, R}, R}
Z-axis RIZ(I,R3, R3 Rg) = (R%a’mR%’%)a
3-g§(is\\e‘\e v Pl \rl(l’ R;, R3 R%) =i e IG)
| & . ro(1, Ry, R2, R3) = (r3,i5, 15, R3)
3-axis 1C4s=C,=1{1,R;, R} R} ,7% /3(1, Ry, R, R3) = (P2, RS, 12, i)
X 2(1, Ry, RS, B3) = (13, Ry, 12, is)

2y 5 <
' |r2 )=16) \ r
<(6 IX)

This “coset-basis™ spans a scalar 04 Cy) induced representation 04C4)TO
i4| 1>=i4| 1>’ i4| 2>=i4Rf| 1>’ i4| 3>=i4r1|1>’ i4|4>=i41‘2|1>, i4|5>=i41’12| 1>’ i4| 6>=i41‘22| 1>'

=Ri|1), =R, =iJ1), =id1). =ij1), =i[1).
=[2), =[1), =/6). =[5). =[4), =[3).
For example here 1s 04 Cy) induced representation 04 C4)TO(is) and 04.C4)TO(i3)
, , , N 1) 12) [3)]4) 15) 16) (. )
(Y ) e ) (o 1 .
21 (2)2) Q- N
96 = - S ) I
: : (4] -
(5. I - 1
Gl (o) i) | e o1 \ I
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

Thus we label states by
left cosets reCy of Local Cy

> ri2s 14> = 1r), I15) = |r), 16) = |r?)

’ 759
.
e Ll
0 b i
SV e
~ e ey o —_
e (2 |=(R42 |
~ « Ly »
R -‘A‘\;v' “‘Y--
3 Sk
 \ /
.

y-axis (5 |=(rq2 |
or . I

&2 \ 1C,=C, ={1,R,, R% R}
Z-axis Ri(1, R;, R3, R3) = (R}, iy, R, i3),
3-g>r<i§\e~ie (31=Cry |, (1,R,, RL, R}) = (r1, i1, 74, R),

£ R3,6;§,R§} & rj( el et
% ri(1, Rs, R3, R3) = (v, R}, rd,iq),
22(1 R3’R§’R3) = ("2, 1,r4, )

lrp2)=16) < \ r

Here is 04 Cy) induced representation .7 *19(L;) of a linear combination of i-class rotations

Li= i1+ Dlat 1315+ 447+ 515+ 616

___________________ v 12 1314 15 16)
a1 i+, i i I I I / ; \
Qi+, 1 I i L I I ]
ooy = | Ao i St

@l i, i g 1 i Ol
(5] | i Is I i i, 1 i+, !

S l L \ ! )
(6 | i I T 1
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ODCy induced representation 04C4)T0O ~A1®TiDE and spectral analysis examples
Elementary induced representation 04.C4)TO

Projection reduction of induced representation 04C4)TO

Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy
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Projection reduction of induced representation 04C4)TO
Scalar A eigenket

‘e(ilo) P64104 /V N*
1 24
00.(8,) 8, | DN

" 244
= >+|2>+|3>+|4>+|5>+|6>)/J€

Aq
H +4S

FREQUENCY OR ENERGY
SPECTRUM

(&N
L
(=]
\/
[l
—_ e e e
p—
5

et e e e

-
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Projection reduction of induced representation 04C4)TO

Scalar A, eigenket 0404
‘e(ilo) P64104 /V N*
1 24
0o, (8,)8,|[HANN"

24+

= >+|2>+|3>+|4>+|5>+|6>)/£

2

2
|€(i04>= :i
4

-1

1

1

1
e | 1

v 1

1

lensor E-eigenket 0404
Diagonal ‘€£o4> = PoE 04 1 /NN*

24

(idempotent) 2
Projector PY; 24 %< 2 0404(gp) ) DN

From p.49-50: (| >-|—|2> 2|3> 2|4> 2|5> 2|6>)/\/—

Py, =5l(D)Ap, +(1)-ppo + ()T Py +(-3)T,p, +(5)F P, +(5)F,p, ]

{Lp. R.R.} {p.p.isi,} {ror i R} {ror iy R} {E 8GR {5 RS}

2

2

-1 1 VT
e )= 1 235

-1

Aq
H +4S

FREQUENCY OR ENERGY
SPECTRUM

et e e e

-
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Projection reduction of induced representation 04C4)TO

Scalar A; eigenket 0404

ety V=B [1)/JN"

= D0A4104(gp) gp|1>/\/NA1

p=l1

= ([1)+|2)+]3)+[4) +]5) +|6) V6

E —
€,0,/=

EERRSERRCILI S

i
76

[
(=
(=]
\/
[l
—_ e e e

lensor E-eigenket 2404
Off-Diagonal ‘3E04> = Eo4 [1)/VN*
24

(nilpotent) 2 - —
=—2 D DAN
Projector P"jx 24 Zf 04(gp) gp| >

=(13)+[4)-[5)-[6))2

Derived next lectures

i, T 0
' 0
| + . L3
!
£ -1
A
it 1
A+ ;
i | A L
Lt 3B |6
FREQUENCY OR ENERGY 3
1

SPECTRUM
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Projection reduction of induced representation 04C4)TO

Scalar A; eigenket 0404 Vector Ti-eigenket 0404
‘e§io4> P54104 )/ NN® Diagonal ‘eglo > ~ P(i% | 1>/ VN"
1 . (idempotent) 1 S T,
NN P AN
24 (gp 8, ) Projector P¥; 24 (gp 8, )
—( >+|2>+|3>+|4>+|5>+|6>)/J6 From p.53: = >—|2>+0+0+0+0)/J_
PoTio4 :é [(1)-1p04+(-1)-pxp04+(0)-r1p04+(0)-r2p04+(0)-l‘1p04 +(O)'f'2po4]

{LPZ’RZ’RZ} {px’py’i3’i4} {I:l_’.l:4’il’Ry} {rpl},ipﬁ

y} {rl,r3,Rx,16} {rz,r4,Rx,15}

2 0
2 E 0
-1 —_— ‘eF >= L
|€0 0 >= 1 _— 0 1 12
& -1
5 k. -1
T+
RN e SO
TI\A\ 1
- -1
standin
“hae O 1k
wave T o |2
Os=z 0
0
1 | A1 ) 1
1 g A1 1
| s |l | B
o) = NG 1 |6
1 FREQUENCY OR ENERGY 1
1 SPECTRUM 1
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Projection reduction of induced representation 04.C4)TO

Scalar A; eigenket 0404 Vector Ti-eigenket +1404 and 0404
‘6§:04> - P(;jl% | 1> /N N* O]?-Dlaggnal 81{11404> = 2412104 | 1> /N N"
1 24 . ( l t 0 1 s -
_ 1N pr AN nilpoten —— 3D (¢)g |l NNT
24 pur 0404(gp) gp | > P]"Oje(ftor Pujk 24 pur 1,04 gp gp | >

= ([1)+|2)+]3)+[4) +]5) +|6) V6

=(0+0+|3)+|4)£i|5)+i]6))2

Derived next lectures

0
0
1|1
1 |2
-1
1
1
0 -1
0 0o |1
-1 0 |2
1 0
i 0
l
| ;
1 Aat ) i
: 19 A+ 7 I
1 1 1 i N |l | B
'eoio4>= 1 ﬁ + leoo> NG
21 FREQUENCY OR ENERGY 1
1 SPECTRUM 1
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Projection reduction of induced representation 04C4)TO

CHy NU3  P(@®)

lﬂﬁw et
o 5 (HI1) (1H[2) -+ (1/HI6)

H T 8.8 . 95 95

F,l Fi2 Fp2 IH|1) Q2IH|2) -+ (2|H|6) Tl s Swal$is @ 8

EAl =-H.4.T . : il S aSw AP 8RS S

& A B G e e B

Er=H—-T : : $ShosasS- S H T
! 6/H|1 6/H|2 6/HI[6 S

E*=H+T 3 293l83 sl.z 81.1 v TV e (O oI olmio) > ORI

Figure 4.3.3 Evidence of an (A,T,E) spectral cluster in methane laser spectra.
(Courtesy of Dr. Allan Pine, MIT Lincoln Laboratories, from Journal of Optical
Society of America 66, 97 (1976)). The ordering and approximate spacing of the 4,T;
and E lines is consistent with that of Figure 4.3.2.

1
1 |A1g ) A 1
A 15¢ | 19 1
eoi04> o 1 ﬁ H 57 4s A >_ 1 1

0,055 35 i
1 L Ve

; FREQUENCY OR ENERGY 1

SPECTRUM 1
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Projection reduction of induced representation 04C4)TO

CH, NU3 P(@®)

EY=H+T
El=H-T
EF=H+T

OrD DD CyDCoy subgroup splitting
0,oC,,

< Ang/C4v

AZ gJ/C4v

Labels  EJlC,,

correct
uorg

parity!

<&

1

\l

El
I
1

1

|

|

E2
Fol Fi2 Fy2

Al
A W (4

|

(11HI1) (1[H|2) (1|H|6) H L 5 S
(2IHI1) {2|H|2) (2|H|6) Tai o Sioal
: : oSk dSw EDL P

S 5 7 B

: : PLERS 8
(6/HI1) (6/H|2) (6|H|6) s 5 s

| l

2938382 81 80 79 78 77 76 75 74 73 72 29371

Figure 4.3.3 Evidence of an (A4,T,E) spectral cluster in methane laser spectra.
(Courtesy of Dr. Allan Pine, MIT Lincoln Laboratories, from Journal of Optical
Society of America 66, 97 (1976)). The ordering and approximate spacing of the 4,7,
and E lines is consistent with that of Figure 4.3.2.

A/

BI A/l

BI/

E

]-igJ/C4v
T2g\LC4v

Al g \LC4 %
AZ u \LC4 %
Eu J/C4 \%

< Tiu\l/c4v
I C'4v

2u

Eg

204 > = _11

/\19
H +4S

QUENCY OR ENERGY
SPECTRUM

N W G W G G W Wy

N nn

T NULhnnhn
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ODCy induced representation 04C4)T0O ~A1®TiDE and spectral analysis examples
Elementary induced representation 04.C4)TO

Projection reduction of induced representation 04C4)TO

* Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy

<
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=]

Example: G=0 Centrum: x(0)=%,, (1*)° =10+10+20+30+30=5

d-orbitals

A .
f | I Cubic-Octahedral Rank: D(Q)ZZ (f[:t); =11+11+21+3131=]p
2= Group O (@)
7= 3 Order:  %0)=Zy, (£7)! =17+124+224+37437=24
=3 ”‘
O group , T Ry
— TYz ~ 11—
Xﬁg g 'Fl—-i Py R:{:yz oo
s-orbital r* >C‘£ — .ﬁq 1 1 1 1 1
d-orbiials Ao 1 1 1 —1 —1
(x?+y7-222 x2S B 9 —1 2 0 0
p-orbitalsix, v, 20T 3 0 —1 1 —1
X2,yz, Xy 1> 3 0 I | 1

.
o::q,“_]u (1) (2), (3)4=(-1), 2(0)3 (1)3 (2)3=(-1)3 e
AT o At
Ale o 1 e Ayl o e
El1 - 1 E e 1 1
T, |1 1 « 1 T, (1 1 1
Tole 1 1 T, 1 1 1
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ooC, |0, 1, 2, 3,|1:P"= + + + .P¢ 1 3
4 4 4 4 4 _ ( I;OA' p14 p24 p34) where pm _ 2 elmp/4RZp
A1¢C4 | - (1-P'=P, +0 + 0 + 0 YA p=0
A2¢C4 : : | 1P = 0 +0 + P;zzﬁ + 0 P, =(1+R_+p, +R.)/4
e, |1 - 1 - |[1PP=P +0 + P +0 p, =(1+iR_—p —iR )/4
4 0,0, 2,2, p =1 4 ]
TivC4 1 1 . 1 1 PT1 = POTJO4 + Pljl14 + 0 +P37;134 p24:(1_Rz +pz _l{j)/4
—(1-iR_—p +iR )/4
i, - 1 1 1 |1PP=0 +PB; +P° +P; P (1-iR,-p, +iR))
(a) ~ s~ > = =
Pnf:14(0 j Co | V| nniyy Annn | pop, P | RRRR, R R | bl L, Summary of
4R [ 1] 1 I 1 1 o1l 11 0->C,
24-P° [ 1| 1 1 11 -1 -1 -1 -1 -l diagonal
P : 1 : 1 (idempotent)
U404 projectors
E 1 I 1 I
T, i i I I
8 : P1414 1 _j +§ O _1 +§ —1 +1 _z O
T i i 1 1
8 : P34134 1 +§ —z O —1 +§ +l —1 _z O
8P 1| 0 0o | -1 1 0 I 1] 0 -l
4Y4
i i 1 1
i i 1 1
8 : P3434 1 _§ +§ O _1 _z +l —1 +§ 0
8P, |1| 0 0 | -1 1 0 -1 -1| 0 1
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0oC, | 0, 24 34 |1VP"=(p, +p, + p, + p)P° N
AdC, | 1 1-P"=P" +0 + 0 + 0
4 . ) Summary of
Adc, 1 1LP"= 0 +0 + P +0 0-C.
E E E .

E\/C4 | | 1-P :PO404+ 0 + 1)2424 + 0 dlagOnal p =
TiC, | 1 I |[1-Pi=p + P+ 0 +P] (idempotent)”
lc I 1 11P=0 +P° +P- 4+p- projectors

4 1,1, 2,2, 3,3 Ph..
(o) NPU =z o
Pn4n4(0 =) nnrity AL PPy P | RRRR R R ity by
24. P 1 1 11 | Lo 6D
4Y4
24P, 1 1 o1 S S RS B S S
12-P e N R R R I
12:P), - - 11 +1 -1 -1+ A
8P 1 +1 0 -1 +5 —i +i| -2 0
8P, O e B +i —i| -1 0
4°4
T
8B, 0 0 | -1 1 0 11 (o) -1
8P +L o -1 -1 —i | +H 0
4'4
3 L 4 o -1 -1 +i —i| 4+ 0
8P, 0 0 | -1 1 0 -1 -1 0 1

9

p,=(1+R_+p_+R_)/4
4
p,=(1+iR —p —iR)/4

p, =(1-R_+p_-R))/4

p,=(1-iR,-p, +iR )/4

The 047 cluster
i16 134
split split
P+l

0,0,
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0oC, |0, 1, 2, 3, |1-P"=(p, +p, + p, + p;)P° e
AdC, | 1 1.P"=P" +0 + 0 + 0
4 . ) Summary of
Adc, 1 1LP"= 0 +0 + P +0 0-C.
E E E .
EC, | 1 1 ILP* =P, + 0 + P, +0 (haggnalp _
TiC, | 1 I |[1-Pi=p + P+ 0 +P] (idempotent)”
lc I 1 11P=0 +P° +P- 4+p- projectors
4 1,1, 2,2, 3,3 Ph.
(o) RO 5 b B o
Pn4n4(0 =) nnrity AL PPy P | RRRR R R ity by
24P 1 1 11 | L1+ @D
4Y4
24P, 1 1 o1 S S RS B S S
12-P - - 11 - T @
12:P), - - 11 +1 -1 -1+ A
8P 1 +1 0 -1 +5 —i +i| -2 0
8P, O e B +i —i| -1 0
4°4
T
8Py, 0 0 | -1 1 0 11 0o ()
8P +L o -1 -1 —i | +H 0
4'4
3 L 4 o -1 -1 +i —i| 4+ 0
8P, 0 0 | -1 1 0 -1 -1 0 1

9

p,=(1+R_+p_+R_)/4
4

p,=(1+iR —p —iR)/4

p, =(1-R_+p_-R))/4

p,=(1-iR,-p, +iR )/4

The 047 cluster
116 134
split split
A 4 oE
1)()4104 Al %11)041041)040 adl|
T,
PO:OAL —O
l)0404 _ 1/2
=LFop,
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

Thus we label states by

y-axis (5 |=(rq2 |
1 left cosets reCs of Local Cy

or ., I

e (21X) 2 [=(Rq2 |
- \ 1C;=C,={1,R;, R% R}
Z-axis o3S Ri(1,R;, R3, R3) = (R}, 14, R}, i3),
3-32125&?0 ,, (31=Cry |~ (1, R,, Ri,Ri)=(r,,z],r4, R,).
X . r,(1, R;, R3, R3) = 528 o2 ;
Bt it ey
Q@ 2(1, Ry, RS, R3) = (12, Ry, 1),

Here is 04 Cy) induced representation .7 *19(L;) of a linear combination of i-class rotations

Li = ii1+ i2i2+ 1503+ igdat isist isle > Ii=i54(iz+ l4)+ i76 (1 + L2+ is+ i6)
___________________ o2 B s e | [ 12 314 15) 16
(1] Lo+, i L L s | is= i34 =iy A1 20, i L L g
@i+, 1 L i L s L @2l 2, 1 i i he  he  hs
gotomy= S| b B bt G Ol he he 1120 G D
G Lo Ist i 1 Iy L ( L L 2l i Ly iy
5l i Ls Ls i Ly i, 11 PR PR i by b 2ig
(ol i iy i i i, 1 |andlor: (6] | i i i | ohe 20 ]

116=11=12=15=I¢
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ODCy induced representation 04C4)T0O ~A1®TiDE and spectral analysis examples
Elementary induced representation 04.C4)TO

Projection reduction of induced representation 04C4)TO

Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy

<
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AS. Pines, A.G. Maki,
A. G. Robwietie, B, J. Krohn,
JK.G. Watson, & T, Urbanek,

JAm. Chem Soc. 106, 891 (1954}
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(a) SF, ¥, Rotational Structure FT IR and Laser Diode Spectra
K.C. Kim,W. B. Person, D. Seitz, and B.J. Krohn

J.Mol. Spectrosc. T6, 322(1979).

Ri20) I Primary AET species mixing
| | e T Tad T e L 7] f e fp
il . koo e it ,:fagr;t.’;.xr.;.x Tujih distagce from
620cm'  6lsem 6l _— % sepegalrix .
(b) ABB) Fine Struct 1 1S ) . P(BB)
- SF6 v, PES)~16m ] LA TS <]
A" --'-wm*-‘wv'-wkuw AT o *‘::'.:,f - ul
Four foid axis ,.--",,':'.’--_:--M more. £ 4 fmixing “‘-"4'.3“ .ﬁ: ~~ x‘%ﬁ\:\.ﬁ
____...__:-__,_..-"‘"__':_...-':'j_...--"“" species mixing ,ff f;"r / . - Rt :"' i ot '
e .I'KE— a1 52 83 84 g5 86 87 &8
{c}Supurflnn Structure [Rotahmul axis funneling) i - : '

— /s
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Observed repeating sequence(s)...A T E T?IT1 ET,A, T,T,

--+.

|

: . , AI | . M . Al l " .

Local correlations explain clustering... aly . .
.. but what about spacing and ordering?... Asls = 1 » dt

EjJl I - E |- | |

...and physical conseguences? T, (1 1 - 1 T (1 11

4] = | | | '['3 | | |
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