Group Theory in Quantum Mechanics
Lecture 20 11217

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 OyD0 group operator structure
Review Octahedral On>0DD4+DCy subgroup chain correlations

Comparison of ODD4DCy and ODD4DD; correlations and level/projector splitting
ODD4DCy subgroup chain splitting
ODD4DD> subgroup chain splitting (nOrmal D vs. unOrmal D)
0,20DD4sDCs and O, D0DD4DCynDCoy subgroup splitting

Splitting O class projectors PV into irreducible projectors PHpym, for ODCy

Development of irreducible projectors PHyum. and representations D" mm.
Calculating PE0404 s PE2424 s PT10404 s PT11414 s PT22424 s PT21414 s

OD (s induced representation 04Cy)10 ~A1DTIBE and spectral analysis examples
Elementary induced representation 04C4)TO

Projection reduction of induced representation 04C4)TO

Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy
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*Review Octahedral Oy,D0 group operator structure ‘
Review Octahedral On>0DD4sDCy subgroup chain correlations
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Introduction to octahedral/ tetrahedral symmetry O, >0~TyDT

Octahedral-cubic O symmetry

Order °O=6 hexahedron squares - 4 pts =24
=8 octahedron triangles - 3 pts =24
=12 lines - 2 pts =24 positions

@
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Introduction to octahedral tetrahedral symmetry OyDO0~T4DT
Octahedral groups OrD>0~Tq and OrDTWDT

1, =1,
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Tj, SYMMETRY Sx e = IR1 N
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SYMMETRY

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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Review Octahedral OyD>0 group operator structure
*Review Octahedral O,>0DD4+DCy subgroup chain correlationS‘
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Octahedral O,>0DD4DCy subgroup correlations

O| Dy subduction
%5(0) g=1 r | ]g)gzo 91010 ]i(io: D4I_ 1,p2180°,Rzi90°, O y180°, i34 @ Fig. 3.1.1 PSDS
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Al 1 1 —1 Az(O)\LDél: 19 19 '19 19 '1 . k’l ‘
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T, 3 Jo\ -1 1 |T2(0)|Ds=3, -1, 1, -1, -1. /, I
T, s Lo -1 1 T.(0)|Ds=3, -1, -1, -1, 1. 4 .
%5 (D)) | g= o . 1, | D4]Cysubduction @ oLb
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©), | 1 1 1 I o lo HEs 37| AT
M, | 1 i T R e B 1
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Octahedral O,>0DD4DCy subgroup correlations

O| Dy subduction
D4 1,p2180°,Rz290°, Px.y180°, 13,4

Al(O)|Ds=1, bt Fog 1 @
AxO)|Ds=1, 1, -1, | arats '-.‘ =
E(O)|Ds=2, 2, 0, 2, 0. )

AR S
=3, 131, -1, -1. s <
T2(0)LDs=3, -1, 1 11 . /; | '

@ Fig. 3.1.1 PSDS

ODDsDCy subgroup and
level-splitting/relabeling BO)LDs=3, -1, -, /]
correlations | ' %\
O levels | D, levels l C, levels Dy| Cy subduction @
OlD,
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A2(Dy|Cy=1, 1, 1, 1. =(0)4 Lo -1 1
B A 0. | BADYICy=1, -1, 1, 1. =D L] - - 1 ]
el B . | EDyYlCs= 2, 0, -2, 0. =(1)sD3)s
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h =i =7 . olc,|0, 1, 2, 3,=1,|: .- e 1
=-_ ............. Al 1 i. ........... -.Al 1
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* Comparison of ODD4DCy and ODD4DD: correlations and level/projector Splittingé
ODD+DCy subgroup chain splitting
ODD4sDD:> subgroup chain splitting (nOrmal D> vs. unOrmal D;)
0:20DD4sDCs and O,D0DD4DCyDCoy subgroup splitting
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(' p,[1 p. R p, iy,
A1 11 1
B 1|1 1|1 4
At 1] a1
B|1]|1 1|1 1

\__ E |2 2 0 0 0

oy 4 )
ODDsDCy level splitting | € { LR, R RS
2 2 3
Tetragonal Moving Wave Chain { LR, R;. R, }
_ 0,/1 1 1 1
Octahedral Tetragonal  Cyclic-4 _ _
0O D4 C4 I,|1 @ -1 -
2,1 -1 1 -1
Al i 04 3,1 < -1 i
B \ J -, =
D4‘LC4 O4 14 24 34
A2 B1 24 A !
s BOEd Lohn s B, 1
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E 5 A1 % 04 B, 1
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e o - 24
(" r.r, p,. R,Rm
1
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e A |11 1 -1
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iy v S T3 0 -1 -1 1
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ODDsDD:; level splitting

Tetragonal Standing Wave Chain

NOrmal
Octahedral Tetragonal  Dihedral
O D4 D2
A1 A1 Al
Az B1 A1
Al Al
B a5 i i
. - <ef B1 A1
————— - e
E o B1
E & B1
S A2
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OlD, | A, B A, B
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A, |1
E |2
T 11 1
T |- 1 1 1
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£ 1 1 — E | |
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E e 14 2 3
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O mcm e T _ T|(3 0 -1 1 -1
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Comparison of ODD4DCy and ODD4DD; correlations and level/projector splitting
ODD+DCy subgroup chain splitting
* ODD4sDD:> subgroup chain splitting (nOrmal D> vs. unOrmal D;)
0:20DD4sDCs and O,D0DD4DCyDCoy subgroup splitting
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0,D0DDDD; subgroup splitting( b,|1 p. R, p, iy, D;"{ 1, R, R, R}}
Al 11 1 : : D"{ 1, R}, ij,
Tetragonal Standing Wave Chain ! Tetragonal Moving Wave Chain
NOrmal B[1|1 1|1 4 . A1 1]1
Octahedral Tetragonal  Dihedral A (1|1 1T} -l Octahedral Tetragonal ~ Cyclic-4 5 | | ;1
1
O Da D2 B 111 1 1 1 O D4 C4
: Al 1 -1
A1 A1 Al Ll =2 0 0 01 Ai Al 04 B,|1 -1i-1
= s NOrmal D,={1,R3,R},R2} s st
DID,| A B A B, - DAC, |0,
Az B1 A1 A b o A2 Bi 24 A !
- 3y B |1 - _— B
A, 1 A |1
A1l Al B, : 1 A1 04 B,
E s ey E |- 1 - 1 e -
ol Al B S B e 5
UnOrmal D,= {1,R%,i,,i,} 4 i
14
Tl E o = D4‘LD2 Al Bl Az Bz Tl ,_E_,” 3 O|1l r
st B2 == -~ 4
3 — A 1 g 2o v Al 1
\\\ A2 E A2 B, . . 1 . ipd. 5SS S 04 A2 1 1
A 1 14 E |2 -1
E 5 B1 2 Ta E e
T2 _z==——=<___ B2 B, |1 e T |3 0
~3 SR, is E |- 1 .1 e T, |3 0
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2 2 2
NOrmal D, = {1,R;,R|, R}
OlD, | A, B A, B OlD, | A B A, B E olc, |0, 1,
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o . Nm 2 2 2
O0,D>0DD4DD: subgroup splitting( b, |1 p. R, p, i, D" 1, R, R.. R}
. : DY"{ 1, R, i, i,}
Tetragonal Standing Wave Chain At bt Tetragonal Moving Wave Chain 8 S
B |11 -1 1 -1 All1l 11 1
NOrmal UnOrmal : !
Octahedral ~ Tetragonal ~ Dihedral Al -1l Octahedral Tetrzli)gonal Cyccl:lf'4 B |1 111 -
0O Da D2 2 B,|1 |1 1|1 1 0 g Al 1i-1 -1
i 1
E|2 2 0 0 0
A1 Al A1 A \s — /2 A1 e A1 o 04 B,|1 -1i-1 1
- S NOrmal D,={1,R3,R{, R’}
DID,| A B A B, plc,|o, 1, 2, 3,
A 1 A 1
Az ' By Al A 1 A2 B1 24 !
R = T=T——— - '...'__I Bl 1 b g B1 1
5 A, 1 A, |1
Al Ak A E B, - = Al N 04 B, 1
B : E |-\ f o - E 1 1
gl SRR - 7| Al :Azj: \\L___L ~ — >
"" e ek UnOrmal D,= (\NK2,i, L0, ) .k, p,. RR,,
R 14
T4 E __-BL_ B * plp |4 B\A B, Ti et 2 O/1r R R i
T B B A g o - Al 1 1 1 1
SN A B e = A |11 1 -1
A 14 E|{2 -1 2 0 O
E o B1 B, 2 Ty E L
T3 ozm=————==<___ B2 B, 1 Bj e P——_ 34 T3 0 -1 1 -1
54 P R — ~
TS B Ar_qAy e £ 10 1 b SR sz 30 -1 - 1)
two kinds of D2 subgroup splitting
NOrmal D, = {l,Rg,Rf,Rg} UnOrmal D,= {l,Rg,i3,i4}
olD,| A B A B, | OlD A B A B OlD,| A B A B, E olc,|0, 1, 2, 3=,
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degeneracy
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Comparison of ODD4DCy and ODD4DD; correlations and level/projector splitting
ODD+DCy subgroup chain splitting
ODD4sDD:> subgroup chain splitting (nOrmal D> vs. unOrmal D;)
0:20DD4sDCs and O,D0DD4DCyDCoy subgroup splitting
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O DD#DCrDCy subgroup splitting

0,oC, |4 B A" B” E
A1g¢c4v 1 - : S
A2g¢c4v | : S
ElC, |1 1 - -
nic, |- - 1 - 1
ric, |- - - 11
A1g‘l’C4v L 1 L
A2u¢c4v L : 1 -
cle, - - 1 1
o B
rlc, -1 -]




O DD CxDCoy subgroup splitting

0,2C, |4 B 4" B” E Eo) Fig. 3.1.1 PSDS
A1g¢c4v 1 - : C
A2g¢c4v A L %
ElC, |1 1 - -
nic, |- - 1 - 1
ric, |- - - 11
adc, |- -]
A, |
elde, |- - 11
Tlu‘l’c4v L ’ -
rlc, -1 -]

has degeneracy has no degeneracy

ambiguity ~, ambiguity
0,0C: | 4 B A" B 0,5C,, |4 B A" B
Adci |- 4G, 11
Ll b 4, 4¢3, 1
ELC, @ L ECy, |1 1
T, C3, I ric, | - 1 1 1
ric, |- 11 nic, |t 1
Alg\LCZZv . . 1 . AlgiCév : : 1
Azu‘l’czzv : : 1 : Azu\LCév : : : 1
ElCs |- 2 Elc,, |- - 11
nic |11 nicL |11
rdc:i o1 -1 rlc |11 1 Order of Symmetry Group |

T W W 8 0 e G4 4
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* Splitting O class projectors PV into irreducible projectors P"m.m, for ODCy
Development of irreducible projectors P! .m, and representations D" pm.
Calculating PE0404 ) PE2424 , PT10404 , PT1]414 , P, , P ,
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

ODCy Correlation table shows which PV splittings are allowed.: 0t | g T R,
: 8= ~ X2 D l1—6
0-C, |0, 1, 2, 3 g s R
DG | Yy g 44 2y pa P A u=A | 1 1 1 1 1
Ade, |1 =X0,0,
and 4 |1 1 1 a1 -
. : A_DA
AZJ/C4 1 P P2 224 E 2 -1 2 0 0
Elc, | 1 - 1 .| cannot T |3 0o -1 1 -l
4 split :
e, |11 - 1 , |3 0 -1 -1 1
Cy4 characters
Tdc, | - 1 1 Cpd™ |g=1 R, p=R R=R]
m=0, | 1 1 1 1
1, R S i
2, IS B 1
3, 1 -1 -1 -1

O operators (Two I/lOZCZZlOnS Older Prmc ofSymm Dynamics and Spectm and Newer Int.J Mol.Sci)
PSDS:/ 1 |r, r, 1, 1, r I T, R R R;| R, R, R, R3 R, R}| i i, i, i, i, i,
]JMS 1 l.1 l.2 l.3 l.4 i:1 i«‘2 l~.3 4 px py pz Rx Ry Rz ; Rx Ry 1iz 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.

0oC, |0, 1, 3,
Adc, | 1

Adc,

Elc, | 1

TiC, | 1 1 1
e, | -1 1

O operators (Two natatzons

PSDS:| 1 | r, o,

UMS:| g | ¢ o

Wednesday, April 12, 2017

I

I,

PAI—P A
and
P =P

2.2,

cannot

split

2
r1

~

I

Older Prmc of Symm.Dynamics and Spectra. and Newer Int.J.Mol. Scz)

2
r2

I,

0404

2
r3

I

1 P'u = (p04 +p1 +p24 +p34 ) ) P'u
1.P'= P" 40 40 +0
44
1.P"= 0 +0 +P>° +0
4<4
E _ E E
1-P = P0404 +0 +P2424 +0
T T, T, T
1-P' = PO:04 +Pl4114 +0 +P34134
1.P°= 0 P>  +pP" p
' - +F L th, +E

R 2
P.

R 2
Py

R 2
P.

444 474

RRRR3R3

R, R, RZERX R,

R3

RZ

O characters

r
/) _ 1-4 xXyz .,
O: %g g_l F pxyz ~ L ¢
1-4 xXyz
pU=A4, 1 1 1 1 1
4, 1 1 1 -1 -1
E 2 -1 2 0 0
T, 3 0 -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 z'
2, T 1
3, [ i
i, i, i, i, I i
i, i, i, 1, iy I
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

OD (4 Correlation table shows which PV splittings are allowed.:

0oC, | 0, 3,
Adc, | 1

Adc,

Elc, | 1

TiC, | 1 1
ric, 1

P PA1
and
P =P"

0404

2.2,

cannot

split

1 P'u = (p04 +p1 +p24 +p34 ) ) P'u
1.P'= P" 40 40 +0
44
1.P"= 0  +0 +P +0
444
E _ E E
1-P = P0404 +0 +P2424 +0
T T, T
1-P' = PO:04 +P +0 +P34134
1.P°= 0 P>  +pP" p
' - +F L th, +E

ODC(y splitting done by Cy4 projectors

applied to O class projectors

P’ =

P’

P =

21 1 2
g ——cr+§cp+—cR—
3, 0 1
= —1+—-¢,——c_ +
8 8 8 ” 8
3. 0 | 1
—1+—¢,——¢c,——c¢,
8 8 8 " 8

0

—Cp——C,

_I_

l

l

C.

444 474

O characters

, I_4 xyz o,
O: %g g:1 ~ pxyz - l1—6
4 xyz
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 zZ z
m=0, | 1 1 1 1
1, Lo - i
2, |1 11 1
T I R | i

O operators (Two natatzons Older Prmc ofSymm Dynamics and Spectm and Newer Int.J.Mol. Scz)
r, |

PSDS:| 1
LUMS:| 4

I

I

I

I,
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I

I

2
rl

~

I

2
r2

I

2
r3

I

R 2
P.

R 2
Py

R 2
P.

R, R, R, R
R, R, RZERX

R3

Ry

R3

RZ

L

L

1,

I

i

1,
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

OD (4 Correlation table shows which PV splittings are allowed.: O | gt T ,
: 8= ~ X2 D 16
g 3%
0oC, |0, 1, 2, 3 LPT= b, ey, Py, tP )P i
4 | Y4 14 4 _
PRRE P=P :‘64 1.P" = Poj o, 10 +0 +0 p=4, |1 1 I :
li 4 and 1.P°= 0 40 +P" +0 Aot b b
AC P =P = 2.2
274 2,2, o E 2 -1 2 0 0
Elc, | 1 calr;not 1-P"= P/, +0 +P,, +0 T 30 - 1
Sp lt 4Y4 444
Tic, | 1 1 1 1.PT= B 4P 40 4P r, |3 0 -1 -1 1
: o ;4 : C4 characters
rdc, | -1 1 1P°= 0 +P° 4P 4P| C,:d™ | g=1 R p=R R_=R]
444 4<4 - 474 B R Z Z z Z z
0Dy splitting done by C ; Po =FRAPARIA =0, [ 1 1 1 1
OCyq splitting done by Cy pm]ectors  ming p —(4R -p-R V4 |, o l,
o ° = — Z e 4 R§:< N ~
applied to O class projectors 4,25~~~ p,—(LR_+pRy4 2 |1 11 1
2 1 2 0 0 F\J\/\ “ ) 3, |1 i ¥
PE — _1 - —Cr + —Cp + —CR - _Cl- C4 Chal;fll,ftperS p34:(1_iRz_pZ+iRz)/4
8 8 8 8 M. 4
3.0 1 1 1 g
P = §1+—cr —2 S T
3. 0 1 1 1
P°'= —1+—¢c,——c,——c,+—¢,
8 8 8 8 8

O operators (Two natatzons

PSDS:| 1 | r, o,

UMS:| g | ¢ o
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I

I

2
rl

~

I

Older Prmc of Symm.Dynamics and Spectra. and Newer Int.J.Mol. Scz)
r: r; RZRZRZRRRR3R3R3i1i213

~

i:2 i;3 4 px py pz Rx Ry Rz Rx Ry Rz il i2 i3
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Splitting O class projectors PV into irreducible projectors P"mm, for ODCy

O characters

OD (4 Correlation table shows which PV splittings are allowed.: r_, wr o,
O: %g g:1 ~ pxyz - l1—6
1.P* = + + +p. )-P* 4 2
ooC, |0, 1, 2, 3, (p04 P, Py, p34) Xy
P =P" 1PY= P" 10 10 40 p=dp 11
ALC, | 1 0,0, 0,0,
14 and p . 0 ap ; 4 |1 1 1 -
. . Ay A, . 2= + +P > +
ANC, 1 P=pP " 2424 E |2 1 2 0 o0
e, |1 - 1 cannot 1-PF = POE404 +0 +P2E424 +0 T 30 -1 1 1
split . . . .
Tic, | 1 1 1 1.PT= B 4P 40 4P r, |3 0 -1 -1 1
7 le o111 Pho o ph ,ph o . Cy cl'hamctezrs .
! = th, TRy, ths Cy: dRP g=l R, p=R7 R=R]
p04:(1+RZ+pZ+RZ)/4 m=0, | 11 . .
ODC(Cy splitting done by Cy pm]ectors R b (LR p R YA 1, o l,
. . :_Z e 4 R5:< 4 3
applied to O class projectors 4,25~~~ p,—(LR_+pRy4 2 |1 11 1
9) 1 9) 0 0 r\/\/\ ‘ i 3 1 - - i
Pic “1-l¢ +52¢ +2¢ - ¢ Cy characters | p —(1-R _-p_+R_y4 —
8 8 r 8 p 8 R 8 I 2mim,-p \ 4 z Tz z
d;";—e 4
3. 0 1 1 1
P'= —1+—c,——c,+—c,——¢,
8 8 8 8 8
3. 0 1 | |
P°'= —1+—¢c,——c,——c,+—¢,
8 8 8 8 8
Following development of irreducible projectors.
TR i _pu
Pm4m4 - pm4P =P pm4
O operators (Two I/lOfaZlOI/lS Older Prmc ofSymm Dynamics and Spectra and Newer Int.J Mol.Sci)
PSDS:/ 1 |r, r, 1, 1, r I T, R R R;| R, R, R, R3 R, R}| i i, i, i, i, i,
]JMS 1 I.1 r2 I.3 l.4 l~.1 i«‘2 l~.3 px py pz Rx Ry Rz ; Rx Ry Rz il 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= ~ Xyz o~ l1—6
g V.
0-C, |0, 1, 2, 3 LPE= (4P, +P, 4Py P fid Rz
4| Y4 14 44 24 _
Jle 1 . | PA;) 1.P= P" 40 +0 +0 p=d )l I I I I
and ' 1.p* (;4 0 +Ph 10 I
. . . Ay Ay ’ =
AZJ'C4 1 P P2 2, 2424 E 2 -1 2 0 0
ExLC4 I - | : ggﬁ(wt 1.PF = Pob;o4 +0 +P2E424 +0 T, 3 0 -1 1 -1
e, |11 - 1 1.PT= B 4P 40 4P r, |3 0 -1 -1 1
e o . ; ; ; - Cy cl'hamctezrs i .
WLy P2 =0 +P1414 +P2424 ( +P3434 C,: dRP g=1 R. p=R. R =R}
.. . p04=(1+RZ+pZ+ﬁZ)/4 my=0, 1 1 1 1
0Dy splitting done by Cy pm]ectors . mimp b (LR p R YA 1, o l
. ° = —Z e 4 R§:< N -
applied to O class projectors 4,25~~~ p,—(LR_+pRy4 2 |1 11 1
) 1 9) 0 0 r\/\/\ ‘ i 3 1 - - 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
P°'= —1+—¢c,——c,——c,+—¢,
8 8 8 8 8 PT]O pO PTI — PTlpO
. . . . . 0404 4 4
ollowing development of irreducible projectors. ... with examples: | I —ph
Foll g development ducible project th pl P’ =p, P =P"p,
u _ u_ pu 414 4 4
Pm4m4 = pm4P =P pm4 elc.

O operators (Two notations. Older Prmc ofSymm Dynamics and Spectra and Newer Int.J Mol.Sci)
PSDS: 1 |r r, r, r, r r: r R R R;| R, R, R, R3 R, R}| i i, i, i, i, i,

]JMS. : = = = -l . . . . 0 °
1 I.1 r2 I.3 l.4 l.1 l‘2 l.3 4 px py pz Rx Ry Rz ; Rx Ry Rz l1 l2 13 l4 15 l6
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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 %
0-C, |0, 1, 2, 3 LPE= (4P, +P, 4Py P fid 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 p ; 4 |1 1 1 -
S . o_p P = +0  +P” +
AZJ'C4 1 P P2 2, 2424 E 2 -1 2 0 0
e |1 - 1 - Car}not 1P = P, +0 <P, +0 T 30 -1 1 -1
) Spllt T T, T, T, 1
e, |11 - 1 1-Pi= P 4P 0 4P T 30 -1 -1 1
: o ;4 : ;4 Cs characters
IAC, | - 11 1.P2= 0 4P, P75 4P Cy dz; g=l R p=R} R=R]
- . p04=(1+RZ+pZ+ﬁZ)/4 my=0, | 1 1 1 1
0Dy 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_+pRy4 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
ollowing development of irreducible projectors: ... with examples.: | i —ph
Foll g development ducible project th pl P1T1 =p, P =P"p,
u _ u_ pu 414 4 4
o Poin, =00 P"=P'p,, eI
..uses left-coset combinations... ...and projector “factoring”...

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

O operators (Two notations. Older Prmc ofSymm Dynamics and Spectm and Newer Int.J Mol.Sci)
PSDS: 1 |r r, r, r, r r: r R R R;| R, R, R, R3 R, R}| i i, i, i, i, i,

IJMS. : = = = -l . . . . 0 °
1 I.1 r2 I.3 l.4 l.1 I.2 l.3 4 px py pz Rx Ry Rz ; Rx Ry RZ l1 l2 13 l4 15 l6
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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} , p.Cy = {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]414 , PT22424 , PT2]414 ,

Wednesday, April 12, 2017

<«
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Geneml development of ODCyirreducible projectors P, =
— pm4l).u — P'upm4

m47’ﬂ4

2—(%

24

+

p.C,=p,{Lp..R

_I_

_|_

rC,=r, {l,pZ,R

2(p")

(fu](xl) 1(1+d,p,+d; R, +d, R)i

ﬁz} = {px,py,i4 ,i3}C0set

OO /g‘LL

E 0 m4m4(g) g

Deriving diagonal irreducible O-representation components D,

. ,ﬁz} = {rl iR, }Coset

Wednesday, April 12, 2017

O characters
. r_4 Xz,
0: %g g:1 F pxyz = l1—6
1-4 xyz
U=A, 1 1 1 1 1 3 Zm'Zu-p ,
—Z e R%=:
A, 1 1 1 -1 -1 My 4~
_ F\_/\_A
£ 2 b2 0 0 Cy4 characters
Ti 3 0 -1 1 -1 2mimyp
my _ 4
, |3 o - a1 dpp=¢

(8

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

27



00 Z'LL

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"™)

(52](11) 1(14d;p +d R +d, R ) :(6“9)?*)(1'”%3"2+d;3Rz+dgﬁz)

+

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

_I_
O characterSR
r
O: x| g=1 T ( )
+ %g g f'l_4 pxyZ nyZ 1_6 p04=(1+Rz+pZ+Rz)/4
p=4, 111 1 1 1 % ZMZWRP p, =(I+iR -p_-iR )4
L _) )
+ A, 1 1 1 -1 -1 M4,y p24:(l_Rz+pz-Rz)/4
E|l2 a1 2 o o F\—/M )
S Cy chaz;gﬂpers | p, =(l-iR -p_+iR )4
+ dm4 —e 4
T, 30 -1 -1 ] R?

rC,=r, {l,pZ,RZ,ﬁZ} = {r1 I, ,il,Ry}Coset
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OO Z'LL

General development of irep projectors pu  _ " (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™)

" Hoq, 1 my
(o rimsain) <[ s in)

24

(%)(%) . (1+dgz4pz+deRZ+d;:ﬁz)i

+

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

_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 fé\/\—/\ )
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,ﬁZ} = {r1 I, ,il,Ry}Coset
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OO Z'LL

General development of irep projectors pu  _ " (9)e for subgroup chain ODD4DCy

Pm4m4 — pm4P/,t — Pupm4 m4m4 ” OO
(Deriving diagonal irreducible O-representation (“irep’”) components D (g)
Z—(%“* g(p™)

" Hoq, 1 my
(o rimsain) <[ s in)

24
o3 le0) pz(1+d:;pz+d:3Rz+d£:ﬁz)i=[%)(wﬁflwﬁf Ro+d,R)

+

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

_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 f('j\—/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,ﬁZ} = {r1 I, ,il,Ry}Coset
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General development of irep projectors pu  _ N fﬂ “(g)e for subgroup chain ODD4DCy
P.. =p" P =Pp™ R 00 o
o~ (Deriving diagonal irreducible O-representation (“irep’”) components D n,(8)
2—(%“*

f‘u Mo, H* ma i my ~ Mo, H*
[ ](;{1) 1(1+d,'p.+d, R +d, R)i :(69’2 j(1-1+dpzpZ+dRzRZ+dRZRZ):(£ 24

- j( 11+d,'p,+d, R +d; R, |
(%)(%) pz(1+d;’:pz+d;jRZ+d;:ﬁz)i:[W9—)§<)(l-pz+d:1+d;:l~lz+dijz):(W9—)2’f](d 1+1-p,+d; R, +d, R, )

+

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

_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 |2 -1 2 0 0 f('j\—/v“ )
4 characters —(1-iR -p +i
T, 3 0 -1 1 -1 2rtim,p k ps, (1-iR _-p_+iR )/4
+ d"=e 4
, |3 o0 1 a1 1 R’

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

General development of irep projectors pu  _ " (9)e for subgroup chain ODD4DCy

Pm4m4 — pm4P/,t — I),upm4 m4m4 ” OO
(Deriving diagonal irreducible O-representation (“irep’”) components D (g)
Z—(%“* g(p™)

" Lo L . M oq, 1F i m my ~
[f ](;{1 )- (1+d p.+dy R, +d; R )i :(69’2 j(1-1+d;1:pz+d;jRZ+dRZRZ):(€9)2 j( 1-1+dpzpz+dRzRZ+dRZRz)

24

+ % (;5;‘) p(1+d p.+d, R +d; R )i [Eu;?j}(l-pz+dsz41+d;:ﬁz+d;:Rz):(W9—)2’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 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 f(:\—/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  _ fﬂ " (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 :(8“992{‘*)(1.1+d;?p2+d;jRZ+d;’jﬁz):(£“9)é{‘*j( 1'1+d::Pz+d;:Rz+d;:ﬁz)

s % (%,ﬁ‘j)'pz(ledZ:pzde:ij+d;’:l~lz)%:[gu;fj)(l'l)z+dsz41+d::ﬁz+dg:RZ):(€M£gj](d 1+1-p.+d, R +d, R )

N % (Xﬁj).Rz(1+d::pz+d;:Rz+dg:ﬁz)i:[gu;gﬁj)(l-Rz+dsjﬁz+d;jpz+d;:1):

+

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

_I_
O characterSR
r
O: x| g=1 T ( )
+ %g g f'l_4 pxyZ nyZ 1_6 p04=(1+Rz+pZ+Rz)/4
;u:Al 1 1 1 1 1 li 27”:”4'17Rp p14:(1+iRz_pz_iRz)/4
i _
+ AZ 1 1 1 '1 '1 4 4p O\N\} p24:(1-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
T, 3 0 -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  _ fﬂ " (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 :(8“992{‘*)(1.1+d;?p2+d;jRZ+d;’jﬁz):(£“9)é{‘*j( 1'1+d::Pz+d;:Rz+d;:ﬁz)

s % (%,ﬁ‘j)'pz(ledZ:pzde:ij+d;’:l~lz)%:[gu;fj)(l'l)z+dsz41+d::ﬁz+dg:RZ):(€M£gj](d 1+1-p.+d, R +d, R )
. % (xﬁf)-Rz(Hd,fpz+d§fRz+d§:ﬁz)i:[ijj(l'Rﬁd:jﬁz+d;jp‘7’+d€1):(ﬁ9}§jj(d’:jud;njpzH'RZ+d:ﬁz)

+

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

_I_
O characterSR
I
O: x| g=1 T ( )
+ %g g f'l_4 pxyZ nyZ 1_6 p04=(1+Rz+pZ+Rz)/4
;u:Al 1 1 1 1 1 li 27”:”4'17Rp p14:(1+iRz_pz_iRz)/4
Bl ) )
+ 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 o -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

Wednesday, April 12, 2017

[W](;ﬁ) 1(1+d,'p, +d; R, +d, R)i =£€M£*
S ()(,’;‘j)-pz(HdZ:pﬁd;ij+d;:ﬁz)%:[gu%’gj)(l'&+d:1+dgﬁz+dg:RZ):(€M£gj)(d 1+1-p,+d; R +d, R )

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

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

96
M Xe
96
xe
96

Jireare varm cam )= 22

O characters

g,u
°0
(Deriving diagonal irreducible O-representation (“irep”) components D“ i (g)

Di (8)8

(1'Rz +d,'R_+dy p. +d1€41) 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\I

r\—/v\

C4 characters

2mimyp

m
d*=e¢ 4
RP

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

(d;":1+dgjpz +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+4d;'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+ 7R )

24

_|_

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

Wednesday, April 12, 2017

[W]()(l) (1+d p+d R +d R)i :£€“9%6{1*
+| — ()(l/;tz*).pz(1+d;1:pz+d;ij+d;:l~lz)i:
+| — (}(ﬁf)-RZ(1+d:ij+d§jRZ+dg:ﬁz)i:

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

96
M Xe
96
xe
96

Jireare varm cam )= 22

O characters

g,u
°0
(Deriving diagonal irreducible O-representation (“irep”) components D“ i (g)

Di (8)8

(1'Rz +d,'R_+dy p. +d1€41) 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\I

r\—/v\

C4 characters

2mimyp

m
d*=e¢ 4
RP

[gu%’f)(l.pz+d,§"fl+d}§fﬁz+d§fRz):(W9)?j)(d L1+ 4R 44, R,
(dgj1+d;":pz+1°Rz+d:liZ)

(d;":1+dgjpz +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+4d;'p,+d, R, +d; R
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General development of irep projectors pu  _ gu " (9)e for subgroup chain ODD4DCy
— pm4P.U — P/lpm4 o 00 S .
(Deriving diagonal irreducible O-representation (“irep”) components D“ n,(8)

m4m4

Z—(%“* g(p™)

gll | 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)=( 972 j( 1.1+dpzpz+dRzRZ+dRZRZ)
gll * my my m4 o~ 1 gu o m4 m4 o~ my K‘u o
+ 1 (l,’fz)'Pz(1+dpzPz+dRsz+dﬁsz)Z=[ 9)2/31 )(1.pz+dpz1+dRZRZ+deRZ):( ;2’% (d 1+1-p, +d R +d, R)
fﬂ s my my my =~ 1 gulﬁ* my =~ my my K“Zﬁ* my my my ~
H oo (;(ﬁz)-RZ(1+dpzpz+dRZRZ+dRZRZ)Z: o ('R, +d, R, +d,'p,+d; 1)= o (dy 1+d;'p.+1R, +d; R,
f'u 1 gulg* ~ my ma m4 E‘ulil{k 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 ’iB}COS6t
Ku my my my _~ 1 g,ux,w“ my my my
(24](Zp ) p (l_i_dpZ pz+dRZRz+dfesz)Z:[ 96Px (1'px‘|‘dpZ py+dRzl4+d1~€Zl3):
0, chamcterSR
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'R2+pz'ﬁz)/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
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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)

m4m4

Z—(%“* g(p™)

[5:](751) 1(1+d,'p, +d; R, +d, R)i :(gug’gf*j(l-ndﬁfpz+d§fRZ+d§fliz)=(£u97g*j( 1-1+4d;'p,+d, R, +d; R
N % (xgz*).pz(lntdgjpzntd;ij+d;:ﬁz)i:[gu;égj)(l-pz+d:1+d;:l~lz+dg:RZ)=(€M£gj}(d 1+1-p +d; R, +d, R)
+ §_4 (xﬁj)-RZ(1+d:jpz+d;jRZ+dg:ﬁz)i: ”9’25 ('R, +d, R, +d,'p,+d; 1)= ”9’25 (dy 1+d;'p.+1R, +d; R,
" ﬁ:](%) (1+d)'p. +d; R +d; R)j1 gu;fj (1R, +d, R +dy 1+d; p.)= 6“9;2{ (g 1+d;'p.+d; R +1-R,|

A u*

p.Cy =P, {l’pz’Rz ’ﬁz} = {px’py’i4 ,i3}Coset
: ](1 P, +d;:4py +d,;":i4 +d;:i3)

M oq, 1
L R A SEANYANE

24

O characters

R
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 . =-2e * Ri= B
2 T REET= e p, =(1-R_+p_-R.)/4
E|l2 a1 2 o o fC\—/v\ )
4 characters —(1-iR -p +i
T, 3 0 -1 1 -1 2rtim,p \ ps, (1-iR _-p_+iR )/4
+ e &
T, 30 -1 -l 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

Z—(%“* g(p”

24

PH
24

f;u

24

(;U

24

p.C,=p,{Lp..R

gl«l
+| —
24

— pm4Pl~l — P'upm4

)

| — (;(l’;‘j)-pz(1+d;:pz +d;:4RZ +d;’:l~lz)% :[

+| — (;(ﬁj)-Rz(1+depz +d, R, +d’€4ﬁz)i:

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

ﬁz} = {px ’py ’i4

(24)-p.(1+d,'p. +d R, +d;1:l~lz)i :[

,i3}Coset

m4m4

s )(,’;‘*
96

M u* e » » M p*
9’2‘2 ('R, +d, R, +d,'p,+d; 1)= 9)2“2
Gk - o i
o (l-Rz+deRZ+dRzl+dRZpZ): o

g,u
°0
(Deriving diagonal irreducible O-representation (“irep”) components D“ i (g)

Di (8)8

Z)(1-@+d,l"§1+d§fﬁz+d5:Rz):( %6

g,ux,w“ m my m4
96"x j(l-px +d, p,+d i, +d; 13) =

O characters

r Z
+(% ( ;(g;) P, (1 +d, p.+d, R_+d gjflz )iOZ Xy | &7 f:: Pryz Rijz g
u=4 | 1 1 1 1 1
+ 4 |1 1 1 a4
E |2 -1 2 0 o0
N T3 o0 -1 1 -
, |3 0 -1 -1 1

rC,=r, {l,pz,R
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. ,flz} = {rl L1, ,Ry}Coset

for subgroup chain ODD4DCy

et

2wim ’-p
1 S 44 p
—2 e RZ:<
my 4p O\M}

r\—/v\

C4 characters

-

2mimyp

m
d*=¢e 4
RP

z](d 1+1-p,+d; R, +d, R, |
(dgjl+d;":pz+l-RZ+d:l~lz)

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

g#%#* my my myq
[ 96"" ](1-px +d, p,+d i, +d; 13)

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

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

" Lo L . M oq, 1F i m my ~
[f ](;{1 )- (1+d p.+dy R, +d; R )i :(69’2 j(1-1+d;1:pz+d;ij+dRZRZ):(€9)2 j( 1.1+dpzpz+dRzRZ+d§ZRz)
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General development of irep projectors pu

m4m4

— pm4Pl~l — P'upm4

Z—(%‘“‘ g(p™)

f‘u

{5

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

24
+ % ()(l’;‘z*)-pz(1+dgz4pz+d;ij+d;:ﬁz)i:[
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

gl«l
+| —

24
gﬂ

(&

24

_|_

_|_

rC,=r, {l,pZ,R

(22)p.(1+d P +d R+ R ) =

(%g*).py (1+d;jpz +d, R, +d;§1~{z)i —

. ,flz} = {rl L1, ,Ry}Coset

Wednesday, April 12, 2017

mymy

s

xt
96

M Xe
96

xe
96

/- x;‘
96

s )(;‘y
06

gu
OO

Di (8)8

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

(1-p,+d, p +dyis+dy i, )=

my 4p0\/v\l

r\—/v\
Cy4 characters

2mimyp

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

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

for subgroup chain ODD4DCy

my my my o~ g,u%,u*
j(1~1+dpzpZ+dRzRZ+dRZRZ):( o

ﬁ“x;‘*

Z)(1-&+d,l"§1+d§fﬁz+d5:Rz):( %6

u

Xk
96

xe
96

‘LL*

13
_Ze

My _
dRP e

4 Rzp:<

-

4

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

j( 1-1+4d;'p,+d, R, +d; R
z](d 1+1-p,+d; R, +d, R, |
(dy 1+d;'p.+1R, +d; R,

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

14 X
96

2mimyp

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

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



General development of irep projectors pu

P, =p" P =Pp™

2—(%“*

g/l
24

{5

PH
24

f;u

24

PH
24

+

pxC4
ﬁ/«l
+| —
24
gﬂ
+| —

24

_|_

_|_

rC,=r, {l,pZ,R

) R (140 + drR 4R )

=p,{1.p..R

2(p™)

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

A (%,’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)p.(1+d P +d R+ R ) =

(%g*).py (1+d;jpz +d, R, +d;§1~{z)i —

. ,flz} = {rl L1, ,Ry}Coset
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m4m4

s

s )(,’;‘*
96

M Xe
96
0k

96

s x;‘
96

s )(;‘y
06

gu
OO

Di (8)8

Jireare varm cam )= 22

Z)(1-&+d,l"§1+d§fﬁz+d5:Rz):( %6

“|(1R +dy R +dy 144y p. )=

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

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

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

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

s

et

Xk
96

xe
96

s )(;‘
06

e
96

for subgroup chain ODD4DCy

n,(8)

j( 1-1+4d;'p,+d, R, +d; R

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

d. 1+d, p.+1-R_+d R,
: 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)

41



General development of irep projectors pu

P, =p" P =Pp™

Z—(%‘“‘ g(p™)

g/l
24

{5

](;51) 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:
T ﬁ:](%) (1+d p,+d; R +d, R)j1
p.C, :PX{I,PZ,R ﬁZ}:{px’pyai4,i3}COSet

z/«l
24

PH
24

fﬂ

24

_|_

rC,=r, {l,pZ,R

(&

£ ()(g*).py(1+d:‘pz+d:ij+d;:41~{z)i:

(22)p.(1+d P +d R+ R ) =

— (), (1+d:pz+d;"jRZ+d1€41~12)i:[ o

. ,flz} = {rl L1, ,Ry}Coset

Wednesday, April 12, 2017

mymy

gu
OO

Di (8)8

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

H 1 _ T
M j(1-1+d;1:pz+d;ij+d;4RZ):(€9)gl
“an iy me om %
- )(l.pz+dpz1+dRZRZ+deRZ):(
M M e » » M p*
9)2“2 ('R, +d, R, +d,'p,+d; 1)= 9)2“2
(“xg* N m4 m4 4 fﬂ%lﬁf
e ('R, +d, R, +d, 1+d; p,)= e

/- 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+4d;'p,+d, R, +d; R

6Z)(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, +dg:i3)
(dyp +1-p,+dy i, +dy i)

42



General development of irep projectors pu

P, =p" P =Pp™

Z—(%‘“‘ g(p™)

{5

g/l
24

](;51) 1(1+d,'p.+d, R +d, R)i :L o

+ % (2) p(1+d p.+d; R, +d, R)jL [
oo i) R (1 p R R ) =
+ ﬁ:j(xR) (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~lz)i:
" % ()(F’;i*)-py(lnLd:pZ+deRZ+dgjl~{Z)i:
4 % ()(i’jj*)-i4(1+d:pz+d;ij+d£jﬁz)%:
4 % ()(i’;‘*)-iB(ler:pﬁd;ij+d;:ﬁz)i:

rC,=r, {l,pZ,RZ,f(Z} = {r1 I, ,il,Ry}Coset
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m4m4

s

s )(,’;‘*
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

z )(l-pz+d:1+d;:l~lz+dijz):(

(1'Rz +d,'R_+dy p. +d1§:1) B

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

(l-py +d)'p, +dy i, +d1§:i4) -
(14, +d,'is+dy'p, +d;’jpx)=[

(1, +d'i, +d;jl+dgjpy):[

etc. eftc.

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

oyl

oyl

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

s

ﬁ“x;‘*

Xk
96

xe
96

s
96
X,
96

96

96

for subgroup chain ODD4DCy

n,(8)

j( 1-1+4d;'p,+d, R, +d; R

6Z](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)

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

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

General development of irep projectors pu  _ " (9)e for subgroup chain ODD4DCy
m4m4 00 m4m4
4
P,.=p,P=Pp, (Deriving diagonal irreducible O-representation (“irep’”) components D“* (&)

°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 % b bl f\p/\—/\ o, ~ERTP: NZ)
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 Deie 2 (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>+§£;cr3 (dy 1 sy o) o6 28 (dy 1 dy d) +36 X “*<d dy dy )
b o (dy dR ,1 d )+96 2y ,dR ,1 )+ 0 (g 1)) g (o 1 dy) o 23 (dy g1 d, )+%xR( 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) v X (dy dy sd, 1) 5 i (d j,d,;”j,d;”j,l)
... ... . u
.-Eac'h cif 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-:Cy 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 , P20, , P2, ,

A

Wednesday, April 12, 2017

<
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Calculating P00,

P,

4Y4

p04PE = PEPO4

°0

0oC,

Adc,
A,dc,
— ElC,
nic,
ric,

O chamcters
g_l rlp4 pxyz nyz

. 2mimy p
L 6 dm4 —e 4

2—(% (b )= o (x) g ( 11419, +IR +IR)

Wednesday, April 12, 2017

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 m4 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

46



05C, |0, 1, 2, 3, .| O characters, 2imyp
ade, [ 1 O |87l oy Py, RE, g d"”4 —p 4
. E .
Calculating P .0, ade, | 0 lp=a 1 1 111 (O R haracters @+R o R
—>Ele, (1) 0 L — o |\ F
rie, | T 1 - 1 1 2 0 |3 2mimgp p, =(14+iR_-p_-iR_)/4
P, =p, P =Pp G| - LU ) r T3 0 A 2‘% =yze tOR=E ;
0404 04 0, 1 ! 4P=0 P, :(I-RZ-I— pZ-RZ)/4
© 9 .| 3 o -1 -1 1 ‘ .
Z_(% )-g (p04):29—6()(g)'g'( I1+1p, +IR_+IR,) | Py =(R_-p.+R.)/4
8

~

1C4:1{1,pZ,RZ,l~{Z} p.C.={p.piis} rC,={r.r iR} rC ={rriR} £c,={5.i.R i} £C,={F.E R, i]
=i (Ldy dy i) e (Ldy dydy )+ e (hd, dy o dy) +hx b (adydy dy) + gb(Ldy dy ) +ixe(d, dy dy)
waxh(d) 1 d, A+ o (1 dy ) i (dy L dy ) L dydy) xid, Ly dy) i (d, ) dydy)
i Xr (dys dR 1, d D+ X (d04,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 oy oy 1) g ) 1) i (o, 1)+ e (dy dy oy 1)+ gl (dy dy d) 1) 2 (dy dy oy )
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02C, | 0, 1, 2, 0, chamcters 2imyp
O:x"|eg=l v, p._ RPZ i m, 4
. . Adc, |1 : g -4 Pz Ryz e dl=e
Calculating P .0, e, | - - u=4 | 1111 Cy characters @JFR PR
—>zle, (1) I IR T T T B B ‘G U P
rlc, | 1 2mim, p =(1+iR -p_-iR_)/4
PE PE _ PE Ti\l/cz | = i 01 2i ?)ipm _ l% . 44 Rzp_< p14 ( z pz ) z)
0404 pO p04 = 1 ) ) 4 4P=0 P, :(I-RZ-I— pZ-RZ)/4
°0 T 30 -1 -l )

2—(% (b )= o (x) g ( 11419, +IR +IR)

8

1C, =1{Lp,R.R } p.C,={p..p, i,

’i3} r1C4:{r1,r4,i1,Ry} 1'2C4={l’ r;.i R} l~'C4:{I~'1’1~'3’I~{

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

i} BC, ={E.F, R i)

15J

=20 (Ld, o dy d) + e (Ld, dy dy) + g (L d, e ody) + g (Ldy o dy dy) +ixb(LdS dy dy) +ixe(d, dydy)

Fap (1 e g (d) Ly ) i )y

d04)

48%r (d04

e (g odi 1 ody))s i dydy L)) i dy dy L dY) e lydy gL dy)

i ;cgz(d,ez ,dkz ,dpz )+ L xi3(d,‘gj,dRZ ,dpz 1)+ ny(d,‘;j,dkz ,dpz 1)

= (P20 L, 4+1,41,41) +, (42X L, +1,+1,+1)
F (2L 1 AL+ + (F2)+], 1, +1,+])
+5COXHLHL 1,41 +,5( OX+L+1, 1 ,+1)
£ OXFLAL+L 1) +,5( OX+1L,+1,+1, 1)

(DL +L+1L+])
t(=DEFL 1 +L+D) +
+5C OXFL+L 1 ,+1)
+is( OX+L+L+1, 1)

+

+

fi X (dy oy d, 1)

(DL +LA+1L+])

S(=DEFL 1414
SCOXHLAL 1 ,+1)
sCOYHL+L+1, 1)

1 E 04 04 04
+48%i6(dRz ’dRz ’dpz 1)

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

d(~)49d ) +4§%f-E3(dpz91 ’di?Z ,dj(;j) +4§Xf‘4(dpz’1 ’d]gj’dl(;j)

1, E 04 04 04 1., E 04 04 04

48ZRX(dRZ ,dRZ,l ,dpz) +48%Rx(djéz ,dRz’l ’dpz)
1 E, % 04 0

+48Xi5(dRZ ’dii’z ,dpz ,1)

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

4, 4, 4, 4, 4, 4, 4, 4,
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02C, |0, 1, 2, 3, .| O characters, drimg p
AI\LC4 1 R :%g g=1 4 pxyz nyz 6 dm2 —e 4
Calculating PE.0. ale,| - u=4a | 11 1 1 1 characters GJFR -y
—>zle, (1) I A T TR B T '@ i S P
rie, | T 1 - 1 1 2 0 y  2mimgp p, =(14+iR_-p_-iR_)/4
P, =p, P =Pp e L N N R R (e 1>-01\.pm = Se * 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{L,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)

.
J

1.,E 0, 04 04 1.,E 04 0, 04
X (L, dy ’diez) tu X, (1 d, odidy )

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 )+48xpy(dpz ,1 ,diez ’dRz) +48%r4(dpz ,1 ’diez ,dRz) +48Zr3(dp:’]‘ ,dﬁj,dRz) +4§lf'3(dpz ’1 ’diez ,dR:) +48Xf4(dpz ,1 ,diez ’dRz )

1. E 0, 04 04 1 _E 0 04 04 1 _E 04 04 0
+48%Rz(d]~eZ ’dRZ’1 ’dpz)+48%i4(d1§:ad]q 71 ’dpz) 4’48%11 (d[gz adRZ,I ,dp:)

Z

1 E g™ 4% 4% 1 L E; 30, % 4% 1 LE ; 70, 3% ;04
+isXg o di d, 1)+ xi(dy'd, A, 1) +ixe dy'sdy Ld, 1)
z Z 3 Z 7 Z y Z 7 2z

(DL +L+1L+])
(=L 14140
+5C OXFL+L 1 ,+1)
+is( OX+L+L+1, 1)

= (P20 L, 4+1,41,41) +, (42X L, +1,+1,+1)
F (2L 1 AL+ + (F2)+], 1, +1,+])
+5COXHLHL 1,41 +,5( OX+L+1, 1 ,+1)
£ OXFLAL+L 1) +,5( OX+1L,+1,+1, 1)

l E 04 04 04
+48%i2(d1§2 ’dRZ 1 ’dpz)

1 E 04 04 04
Fde (dydy 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’dRz’dpz’1) +48Xi5(dRz’d[ez’dpzal)

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

+s (DL 41, +1,+1)
+u(—IX+], 1,410
+,5C OX+L+1, 1 ,+1)
£ OX+1L,+1,41, 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 +(—§)-f'1p04 +(—%)-l~'2p04]
Broken-class-ordered sum:

Poljo4 :112(1'1 '%rl'%rz '%r3'%r4 _%fl_%fZ '%f'3'%~4 +1px+1py+1p _%Rx_%Ry +1Rz _%Rx_%ﬁy +1Rz _%il_%i2 +1i3 +1i4 '%is'%i6)
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05C, |0, 1, 2, 3, .| O characters, 2imyp
AI\LC4 1 . . R :%g g:1 F_4 pxyz nyz 1 6 dm; —e 4
Calculating PE2., e, - -1 =4 |01 1 U U Cy characters| (1R +p.+R 4
—>ele, (1 (D) | o 0 — >, | P TP TR
rie, |1 1 - 1 1 2 0 y  2mimgp p, =(14+iR_-p_-iR_)/4
P/, =p, P"=Pp G- L L ) 3 0 4 1301\. PogSe * RI= ROV
2.2, 2, 2, 1 4 40 (:(I-RZ+ pZ-RZ)/4
0 yE i 0 9 . T 3 0 -1 -1 I : -/
=2 e (b )= X o) g (11+1p- 1R~ IR.) | P =(-R.-p+iR )4
8 8

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

_ l E 24 24 24 l E 24 24 24 l E 24 24 24
_48l1 (1’ dpz ,dRZ ’dkz) +48 %px(l’ dpz ,dRz ,diez) +48%l‘1 (1’ dpz ,dRz ,dkz)

1, E 24 2 24 1. E 24 24 24 1. E 24 24 24
+48%rz(1’dpz ’dR: ’dﬁz) +48Zf1(1’dpz ’dRz ’dkz) +487(f2(1’dpz ’dRZ ’dl?z)

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) +48%r4(dpz ,1 ’diez ,dRz) +48Xr3(dpz ,1 ’di?z ,dRz) +4§Xf'3(dpz ’1 ’diez ,dRz) +48Xf4(dpz ,1 ,diez ’dRz)

1 E 24 24 24 1 E 24 24 24 1 E 24 24 24
+48%Rz(dii’Z ’dRZ’1 ’dpz)+4gxi4(digz 7dRzal 7dpz) 4’48%11 (d[gz adRZ,I ,dpz)

1. E 24 24 24 1 E 24 24 24 1. E 24 24 24
v da (e i dy D)+ i (dy oy d) 1)+ (dy .y d,) D)

+s(=1( 1,+1,=1,-1)
o (—1X+1, 1,=1,-1)
+,5(OX=1, =1, 1,+1)
+,5( OX=1, =1, +1, 1)

= (+2X 1,+1,=1,=1)
4 (F2X+1, 1,-1,-1)
+,5(0OX=1, =1, 1,+1)
+COX=L =L+, 1)+, OX=1, =1, +1, 1)

= (F2X 1,+1,=1,-1)
s (F2)(+1, 1,=1,—1)
+,5(OX=1, =1, 1,+1)

24

1, Ef g7 3% 24 1. ,E ;3% g% 2y 1.E (32, 2
+48%i2(dl§z ’dRZ ’1 ’dpz ) +4g%ﬁx(d1§2 ,dRz ,1 ’dpz ) +48%Rx(dl~€; ’dRz ,1 ,dpz )

1 E 24 24 24 1 E 24 24 2 1 E 24 24 24
sl sdy ody 1)+ 26 (dg oy od,0 D)+ (dy dy od, 1)

+,5(=1) 1+1,=1,=1)
o (—1X+], 1,=1,-1)
+,5(OX=1, =1, 1,+1)
+,5C OX=1, =1, +1, 1)

+,5(=1) 1+1,=1,=1)
o (—1(+], 1,=1,-1)
+,5(OX=1, =1, 1,+1)
+,5C OX=1, =1, +1, 1)

+s(=1( 1,+1,=1,-1)
o (—1X+1, 1,=1,-1)
+,5(OX=1, =1, 1,+1)
+,5( OX=1, =1, +1, 1)

-2,-2, 2, 2,

1 1 Ie |1
ohon b HR,

4, 4,-4,-4, 4, 4,-4,-4,
p(11+1p—IR — IR +1p+1p,~1i,~ i,
Coset-factored sum:

P, =.((D1p,  +()pp,,
Broken-class-ordered sum:

E _1 1., 1 1.1 15 1%
P2424 —12(1'1 PLIRELVIREY SR VRS YR b

"‘('%)’1’11)24 "'(‘%)’rzpz4
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1~ 1z 1 1 D LD 5 1s 1
T, T, +1px+1py+1pZ +2Rx+2Ry—1RZ +2Rx+2Ry—1RZ +1,+1,

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

1 1 ls 1D
oL ohLHLBR,

~

g g 4
2%

1= 1= 1R 1e 1
I KGR, Tl 2

+(-5)Fp,  +(3)F,p, ]

1. 1. L4 L3 l. l.
=11, =11, +is+1)
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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‘LCA @ 1 . 1 E 2 -1 o) 0 0 13 27”214'17 ) pl4:(1+iRz_pz_iRz)/4
7 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,is} nC,={rri R} rC ={nriR} ic, ={f.i.R i} £C,={.F.Ri]
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)
+3§%1"zlz(dRz’dRZ’dpz’1)+3§%17;1(d1e27d;j7d;j’1) +35%Rly(dRz’d;:’d/2j’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 +])
tp(FDELALAL 1) +5(-DELALAL 1) +5EDELHLHL 1) S ELALAL 1) 4 (DL, 1)+ S (=1 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+11~{Z +0+0+0+0 -1i,-1i; )
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Splitting O class projectors PV into irreducible projectors P"m.m, for ODCy
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02C, |0, 1, 2, 3, .| O characters, 2imyp
AI\LC4 | . R :%g g_l rlp4 pxyz nyz L 6 dm4 —e 4
; T (
Calculating P14, 1lc, ! u=4 | 111 11y R haracters b, (LR +p +R )4
Ele, |1 - 1 4 |1 1 1 1l — o, | P 2 C
—)T1~LC4 1 @ . 1 E 2 -1 o) 0 0 1 3 27[1'214.]) )
l)lTl14 — p14PT1 — l)Tlp14 szl/C4 S 3 0 -1 D)m4: Zp%()e RZ:<
0 3 o3 0 a1 a1 )
Z—(Jc rep, )=o) e( 11-1p +iR —iR ) P, =(-R -p_+R_ )4
g \
1C,=1{Lp.R_R | pC,={p..p,i,is} nC,={rri R} rC ={nriR} ic, ={f.i.R i} £C,={.F.Ri]
_32%11(1 d dR“,df) 32)(p (1, d d;‘,dlf) 32%r1(1 d dll?t’dlz) +32)(r1(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) axl(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(d1’ézadRZ,1 ,dpz) 32%Tl(d dR ,1 ,dl4) +32%11( dR ’1 d ) +32% (d dR ,1 ’dll)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(—1)(—1, 1 ,—i,+1) +312(—1)(—1, 1 ,—1,+7) +312(O)(—1, 1 ,—1,+7) +312(O)(—1, 1 ,—i,+7) +312(O)(—1, 1 ,—i,+7) +312(O)(—1, 1 ,—i,+7)

+ 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,, +(O)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,

Wednesday, April 12, 2017

-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 r - 0 :%g g=1 4 pxyz nyz -6 d:{‘: —e 4
Calculating P'22,2, ade,| 0 lp=a |1 1 111 Cy characters | N
VDC\J p, =(1+R _+p_+R _)/4
Elcg {11 A, 1 1 1 -1 -1 ‘
Tic, | 1 1 1 £ s 1 9 0 0 |3 27[i:14~pRp p14:(1+iRz_pz_iRz)/4
P, =p,P"=P"p, e |- 1 (1) T3 0 -1 1 -1Pn7 ZEO@ =) 6. Z(R +p R
°0 gTz . °0 3 . VIR 3 0 -1 -1 ] : - Z~Z/
= 2@()(; ) g(p, )= 29—6(9(; )g( 1M1+1p~ IR ~IR, | Py =(R-p.+R )4
8 8

1C,=1{Lp.R_R | pC,={p..p,i,is} nC,={rri R} rC ={nriR} ic, ={f.i.R i} £C,={.F.Ri]
=20 (Ld, odi di)+ 0, (L d, o dy ) 4ty (Ld, dy dy) v 20 (d, dy dy) v (Ld, dy dy) +uxe (Ld, dy dy)
52X (dy 1 dy di vy (d, ) dy )+, (d, 1 dy dy) Y AR C AN ,d;j,d;j) epxi(d) ] ,d;:,d;j)+3‘2;¢§(d,;j,1 dy dy)
e (g L od) g0 (dy i 1 od,)) v 20 (dy odi 1) v (dy di 1 od,)) w20 (dy d 1 d,) 432 (dy di 1 d,)
X (dy dy o, 1) X (e ody od, 1) 4 ) (dy ody od, 1) +3‘2;¢1§zy(d;j,d;j,d;j,1) +3'2%i76"z(d;j,d;j,d:,l)) X, (dr »dy od, 1)
S LAl ==l + I LA l,=L=D) O Lal=l,=D) + 20X L+l=1,=) 20X L4+1,=l,=1) 410X 1,+1,~1,-1)

fLEDEL 1=l + 0L 1,=L=D) + L0, T,=L=D) 420X+ 1,=L=1)  + (0L 1,=L,=1)  +.(0)+1, 1,-1,—1)

FLEIL =L LD s L=l =L LD AL =L LD =L =L L) (Il =l LD+ (=] =l 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, +0+0—1R_+0+0-1R_ +0+0+0+0+1i,+1i,)
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0C, |0, 1, 2, 3, .| O characters, 2rim,p
ade, | : O: 2%y | 871 124 Py, nyz 16 d’"4 —e 4
Calculating P21, ale,| - =41 1 1 1 1 ( _
gr nu e =4, Cy ‘characters b, =(1+R +p +R )4
ElC, |1 ] 4l 0 g g T oG T
ric, |1 1 - T o <EE§§ﬂg4%4R)M
PT: — p PTz — Psz Tj\LC’4 . @ | T 3 0 1 | 1 pm —_2 e 4 Ré?:J 4 ~/
Lele = Fle L - ! C Ao p,=(-R_+p R_)4
003 L. |3 0 -1 - 1 ' i
2_(;( )-g (p]4):29_6(%g:)-g-( 11-1-p.+i-R, —iR_ |~ | Py =R p+iR )4

;
1€, = l{l,pZ,RZ,RZ} p.C, = {px’py’i4
o1 (Ld, de d) vy (1,d) dy dy) +uxe(Ld, dy dy)
e Zp (1 odidy) v (dy )y dy) +3520(d, 1 Ly dy)
b (dy dg 1 d,) b Zi (g ody 1 .d) + 0 (dy dy 1 d)
el (g ody 1) 0 (dydy dy 1) it (dgdy d, 1)
+5( 0 1,=1,+i,~1)

FL0X=1, 1
+ o (+IN=i+i, 1 ,=1)
e (=1, 1)

= (431 ,=1,+i,~1)
+o(—1)=1, 1
+ o (—1X=i,4i, 1
b LD —i=1 1)+ (D=

+3l2(—1)(1 ,—1,+1,—1)
—ii) + (1=, 1
—1) +(HI(=i,+i, 1 ,-1)
,—1, 1)

,—1,+1) ,—1,+1)

s(11-1p+/R iR, +0p+0p +0i,+0i, - r+r+i- 'R

Coset—factored SUMm.
11 = 8[(1) 1p1 +(O)'pxp14

Broken-class-ordered sum:
P = (1 - r- T+ '

+(—é)-1‘1p14

Wednesday, April 12, 2017

+(—§)-r2p14

,13} rC, = {rl,r4,11,Ry} r,C, = {1’2,r3,12
1 TZ 14 14 I4
+32 Zrz (1, dpz ,dRZ ,dﬁz)

l Tz 14 14 14
v 2 (Ld, dy dy)

~ _ ~ ~ . -l
r2C4 - {r2 ,r4 ,Rx,lsj

1 TZ 14 Iy I4
v e (Ld, dy dy)

1 T2 Iq Iq 14 l TZ Iy 14 14 l T2 I 14 14
+32Zr3(dpz,1 ,djéz,dRZ) +32%1~.3(dpz,1 ’dkz’dRz) +32Xf'4(dpz,1 ,diez,dRz)
L, g% g% 14 1T, g4 414 I4 1T, g4 g% Ig
+32%i2 (dkz’dRz’l ’dpz) +32%R_x(d1§2ad]ezal ’dpz) +32%Rx(dl~iz’dRz’1 7dpz)

l T2 I I I
tolk (dgdgd, 1)

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

+5(0)=1, 1

+ o (+IN=i+i, 1 ,=1)
+3l2(—1)(+l',—l,

. ‘ y -
5 DR o o P

,—1,+1)

-1, 1)

+(—§)-I~‘1p14

l Tz V] V] V]
+32 i, (g oy »d, 1)

+ o (0X 1,=1,+i,~0)
+o(0)=1,1
+ o (—IX=i+i, 1 ,=1)
—1, 1)

—0,+10)
b (=i
1

2Ry
+(-,)-F,p, ]

| o | o
+1,+1,

+0i, + 01,

l T3 I 14 I
+32 i, (g oy d, 1)

+5( 0 1,=1,+i,~1)
+o(0X=1,1
+ (= IX=i+i, 1 ,=1)
—1, 1)

—i,+i)
L (=i

= iz 1 1s
272 4';Rx+;ls)

| e | e
+ 15+ i)
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* ODCyinduced representation 04(C4)TO ~A1BTIDE and spectral analysis examples é
Elementary induced representation 04C4)TO

Projection reduction of induced representation 04C4)TO

Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy
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ODCy induced representation 0471 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

|l’22>=|6)

Solve XYs radial vibration K=a-matrix Solve SFs J-tunneling Hamiltonian H
Gl iyt i sy Y B TeaesCpesnsy  [OUEID amI2). c amEle)) [H T S.S .S S
2lal1) {(2|al2) -+ (2]al6) t h's s s s QI|H|1) {2|H|2) -+ (2|H|6) T B Si568: 8 8
: Sty aling N g . y iy SeaSw B O Y8848
4o e nalr s [ e e [ S SoF mos ol
ey 2 S 5 8 w8kt : : S 8iasS S H T
(6lall) <(6lal2) --- (ylal6) oy s LW | (6/H|1) <(6|H|2) <6|H|6>J (e &8 S0 N
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ODCy induced representation 0471 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 1=(rq2 |

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

1) = 1|1) = R5|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}|1i i, i, i, i I
. ! oL ~ ~

IJMS 1 r1 l.2 r3 r4 fl fZ f.3 f4 px py p Z Rx R y Rz Rx R y Rz i1 i2 i3 i4 i5 i6

Wednesday, April 12, 2017 . |

62



ODCy induced representation 0471 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 1=(rq2 |

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

1) = 1]1) = R;|1) = R3|1) = R}|1)
Using Cy-local symmetry projector equations P#=P%=(1+R,+ R+ R3})/4
1> = 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;|RR R R;|R, R, R, R’ R} R}|1i i, i, i, i I
. ! oL ~ ~

IJMS 1 r1 l.2 r3 r4 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 0471 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

(5 1=(rq2 |

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

1) = 1|1) = R5|1) = R3[1) = R3|1)
Using Cs-local symmetry projector equations P#=P%= (1+ R, +R3 + R3)/4
1> = P%|1) = (1 + Ry + R; + R3)|1) /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
. ! oL ~ ~

IJMS 1 r1 l.2 r3 l.4 fl fZ f3 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 041 O~A1®TiDE and spectral analysis examples
Fig. 4.3.1 PSDS

y-gigs (5 l=(re2 | Thus we label states by

2-axis | left cosets reCy of Local Cy
(11> = 11),12) = IR}, 13) = |r}), 14> = |r), 15) = Ir2), 16) = |r2)

weay w0
s’ g
AAeananan N et T
. A .
~ \‘t\\: = e b 2
. D TA W
U T
— "‘\'.'v‘l" AL
b b % 0%
N b Ak
‘\' oL AP
2y
7 N\ v U
O .

2=(R

i \ 1Cs=C,={1,R;,R%L R}
Ri(1,R;,R3, R3) = (R}, iy, RS, i3),

(31=Crq |~y (1,R,, RZ, R3) = (ry,iy, 74, Ry),

ro(1,R3, R3, R3) = (rz,iz,r3,R§),

r{(1, Rs, R3, R3) = (r2, R}, r2,iq),

r3(1, Ry, RS, R3) = (73, Ry, 13,5 is),

Assuming Cy-local symmetry conditions for |1) state

1) = 1{1) = R5|1) = R3|1) = R3|1)
Using Cys-local symmetry projector equations P#=P%=(1+ R, + R%+R3)/4
1> = P%|1) = (1 + Ry + R; + R3)|1) /4.
These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3)

g) = gl1) = gR,|1) = gR2|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
. ! oL ~ ~

IJMS 1 r1 l.2 r3 l.4 fl fZ f3 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 041 O~A1®TiDE and spectral analysis examples

Fig. 4.3.1 PSDS

y-gigs (5 l=(re2 | Thus we label states by

2-axis | left cosets reCy of Local Cy
(11> = 11),12) = IR}, 13) = |r}), 14> = |r), 15) = Ir2), 16) = |r2)

(2 1X) \ B A /= 2
|r2 y=14) | D 4 <2‘ l i __ 2 p3
: 7 N .; il '?:; 1C4 o C4 ~ {l’ R3’ R3’ R3}
Z-ax1s S e X | = : :
= AN \ R3(L, Ry, R, R3) = (R, iy, R2, i),
3-axis ) ' (3 1=(rq ‘\rl(l,R3,R§,R§) = (ry, i1, 74, R,),

2 r(L, Rs, R RS = {r, i, v BT

1C¢ = ComyifReltS K (L, Ry, RS R3) = (v, R, i),
|r22)= 16) € 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) = R3|l> = R§|1> = Rg|1> columns
Using Cys-local symmetry projector equations P#=P%=(1+ R, + R%+R3)/4 ! (_W_Z_Z’ ? )
1) = P%|1) = (1 + R, + R2 + R3)|1) /4. 1LP-R.R |
These apply to all six |g)=g|1)-base states. [g) = [gR;) = |gR3) = |gR3) Py ks
rl,r4,i1,Ry
&) = gl1) = gR,11) = gR2I1) = gR3I1) iR
{rz,r3,i2,Ry}
{f'1>f'3’ﬁx’i6}
CERNN

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
. ! oL ~ ~

IJMS 1 r1 l.2 r3 r4 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 04Cy)T0 ~A1BTIDE and spectral analysis examples
* Elementary induced representation 04C4)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

Thus we label states by

y-axis (5 |=(rq,2 |
: left cosets reCs of Local Cy

or l
2-axis

’ 179
G
At N N
« SN\W ¢ .
- SURN N o
g - N "_-_ - )
~ ’ - «3 N »
o AN 8 3T,
by “w % %)
N 2 kA
.‘\. P
3
\ 22
Lo\ 3
-
)

21=(Rq2 |
\ 1C,=c,={1,R,, R% R}
Ri(1,.Ri,R%, R (R7, i, RS, i 2

(3 I=(rq I‘\r( 1,R,, R2, R}

LT R,),

3) =
s
r,(1, R3,R§,R3) (r2,i5,75, R3
3. (L, Ry, B RY) = (72, R e
¢ ) -

\ r2(1 R3,R§,R3 ( i" Rl,r‘,,i5

This “coset—ba81s spans a scalar 04Cy) induced representation 04C4)TO
i4| 1>=i4| 1>’ i4| 2>=i4Rf| 1>’ i4| 3>=i4r1|1>’ i4|4>=i41‘2|1>, 4|5>_i I | > 4|6>_l r | >
=Ri|1), =R, =iJ1), =id1). =ij1), =i[1).

=[2), =[1), =[6). =[5). =[4), =[3).

),
),
),

lrp)2)=16)<
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Elementary induced representation 04C4)TO

3-axis

y-axis (5 |= (r12 I
or

Fig. 4.3.1 PSDS

Thus we label states by
| left cosets l‘eC4 of Local Cy

This “coset-basis™ spans a scalar 04 Cy) induced representation 04C4)TO

i4| 1>=i4| 1> ’ i4| 2>=i4Rf| 1> )

R]1),  =R]I)

42). =,

(1) (12)
21 (26i)2)

JO4T0(i4 ):

(o) (si2)

Wednesday, April 12, 2017

i4| 3>:i4r1 | 1> J

:i5| 1> ’

(1iJ6)

(1hJ6)

i4| 4>=i41‘2| 1>

=i6| 1>’
=5),

For example here 1s 04 Cy) induced representation 04 C4)]O(ia)

g

[\

— o~ = =
(O TN BN

(-

(V)

=
/O\

1

1) 12) [3)14) [5) 16) |

1

iS)=i,e]1). iJ6)=i,e).
S, =),
44, =3
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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

3 “!.")},;"’
Bt g — % 2 p3
i \?fi”/:l'lé X-axi1s \ 1C4 = C, = {1, R3, Rj, R3}
) R3(1

- AN ; A :
e 1(1,R;, R3, R3) = (R, iy, R}, i3),
i 2% <3l=<r1|<\’1(1’R3 R3, R3) = (r1,i1,14, Ry)
| v ro(1, R;, R} Rg) = (rz,zz,r3,R§)
3-axis 79'; 2 2 p3 35l sk
vf} rl(l,R3,R3,R3) = (ri Ri, r3, i)
< X 2(1, Ry, R2,R3) = (13, Ry risis)

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 04C4)TO(is) and 04C4)TO(i3)
, , , \ o 1) 12) [3)]4) 15) 16) (. )
(Y Rf2) - e ) (o1 .
21 (2)2) ol - N
96 = - S ) I
: : (4] -
(5. I - 1
Gy (o) i) | e o1 \ I
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

e acisiumad | Thus we label states by
5
or ., l

A0, 18) = 1), 155 = 1129, 16) = Ir2y

1, R, R3, R (R7, i, RS, i %

D .“‘ ’i ;b Fv B = 2 3
A \I\/z/.,f‘ X-axis \ 1C4=cC, =11, R, R;, R3}

(3|_(r1|\r( R3,R§, (rlall,r4s 2)

3
lz,r‘%’R ’

)=

R3) =

rz(l R;, R}, R3) =
)=

)=

(r
(r
(r

r; (1 ey R%, R3

1>"4"5

Here is 04 Cy) induced representation .7 419(L;) of a linear combination of i-class rotations

Li= i1+ Dl 1315+ 1447+ 515+ 616

___________________ n 2 B 5l
a1 i+, i i, Qi o \
<2 1+, 1 I i L I I 7
ooy = S| Ao i St

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

S | . \ 1 y
(6 | i I o, oL i, 1
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ODCy induced representation 04Cy)T0 ~A1BTIDE and spectral analysis examples
Elementary induced representation 04C4)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) POA]O4 /V N*
1 24
00, (8,) 8, | DAN

" 244
= >+|2>+|3>+|4>+|5>+|6>)/J€

1 |Aq,) )
1 19 A1 1
‘ " > 1 1 H +4S | 1
€0, )= e = —=
04 ol 1 |J6
2 FREQUENCY OR ENERGY 1
; \ SPECTRUM 1

MolVibes Web Simulation - 6 Atom 3D vibrations with Oj symmetry
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http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=OhN6
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=OhN6

Projection reduction of induced representation 04C4)TO

Scalar A; eigenket 0404 lensor E-eigenket 0404
‘654;0) 1254 104 )INN" Diagonal ‘€£o4> =P, 0, [1)/VN*
1 (idempotent) 2 &
1A N* P — ARG
24 00.(8,)8, 1 Projector PY; 244 2 Di(8,)8, NN

= >+|2>+|3>+|4>+|5>+|6>)/\/€ Fromp4950' (| >+|2> 2|3> —114) 2|5> 2|6>)/\/—
P, =lDAp, +(D)-pp+ ()T Py + () TP+ () F Py +()F,p ]
{lp R, R}{p py1314} {rr 11Ry} {r r,,i,, y} {rr R, 16} {r r,,R, 15}

[
o
(=]
S——
|
_ e LN
[\
i
+

4N
(=]
(=]
S
Il
—_ e DN

[Ra )
1g
A
1 H +4S

-

FREQUENCY OR ENERGY
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4N
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(=)
~——
p— e ek e e
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§||

Mol Vibes Web Simulation - 6 Atom 3D vibrations with O, symmetry
74

Wednesday, April 12, 2017


http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=OhN6
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=OhN6

Projection reduction of induced representation 04C4)TO

Scalar A; eigenket 0404

Al A] A]
‘eoo4> Poo4 /NN

p=I

= >+|2>+|3>+|4>+|5>+|6>)/£

D
(=]
S~
I
—_ e DN

‘66\4]04>= %

.
p— e ek e e
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L 00, (8,) 8, | DAN

Agg)

lensor E—eigenket 2404

Off-Diagonal ‘ > PEO | 1)/~/N
(nilpotent) 2
Pl/'Ojector Pujk 24 - (g )g | /\/

=(|3>+|4>—|5>—|6>)/2

Derived next lectures

0
. 0
e S 1|2
LR _1
e -1
1
A1 1
g
o -
FREQUENCY OR ENERGY 1
SPECTRUM 1
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Projection reduction of induced representation 04C4)TO

Scalar A eigenket 0404 Vector Ti-eigenket 0404
‘6520) 1254 104 / \/7 Diagonal ‘eglo >_ lz(?04|1>/ \/ﬁ
SO ERINNT e S0 s T
—( >+|2>+|3>+|4>+|5>+|6>)/J6 From p.53: = >—|2>+0+0+0+0)/J_

PoTio4 :é [(1)'1po4+('1)'pxp04‘|'(O)'rlpoﬂ'(0)'1'21)04'*'(0)'1‘11)04 +(O)'f2po4]
{1’pZ’RZ’RZ} {px’py’i3’i4} {I‘l,p,il,Ry} {rz’r3’i2’ﬁy}_{f'1’f3’ﬁx’i6} {f'z’f'mevis}

2 0
2 E 0
E -1 ‘eF >= 1 l
eo4o4>= 1 m— T 0, 1 12
-1 -1
o — -1
T+
)
1 |Aq,) ;
1 19 A1 1
1 1 7 N |l 1
e(?4‘04> = | ﬁ e, €§404> 7Y 1 %
Vi1 FREQUENCY OR ENERGY 1
1 o SPECTRUM !

MolVibes Web Simulation - 6 Atom 3D vibrations with Oy symmetry
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Projection reduction of induced representation 04C4)TO

Scalar A; eigenket 0404
ey, ) =P [1) VN
I &
= D', (g,)g,|INN"
p=1

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

Aqg”

|eé\4:04>= %

.
p— e ek e e
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FREQUENCY OR ENERGY

Vector Ti-eigenket +1404 and 0404

Off-Diagonal  1€0.)= Pl |1)/N"

24
(iipoteny = 3 D (g8, [ONNT
Projector PV 24 - £1,0,\8p gp| >

=(0+0+|3)+|4)£i|5)+i]6))2

Derived next lectures

L= L o O

A1

-

o i SR e s g S G S

SPECTRUM
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Projection reduction of induced representation 04C4)TO

Tunneling T (next-neighbor) is
too “Tiny” tocontribute to E*

EY=H+T
ETi= H - T)|
EF=H+T

1

CHy NU3  P(@®)

Y

(1H|1) (1[H[2) (11H[6)
Fal F12 F2 (2|HI1) <{2|H|2) (2|H|6)
(6/HI1) (6|H|2) (6/H|6)

2038382 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 A4,T;
and E lines is consistent with that of Figure 4.3.2.
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Projection reduction of induced representation 04C4)TO

CH, NU3 P(@®)

. 1 Bl
Tunneling T (next-neighbor) is ﬂ
too “Tiny” tocontribute to E* B
o \ AHID  (1HI2) (1/H|6)
! £ Fal f2 F2 (2|HI1) <(2|H|2) (2|H|6)
EY"=H+T M : -
ET1 = H — T <— AT & ; §
FE—H 4+ T e aem LN (6/HI1) <(6|HI[2) (6/H|6)
a3 2938382 81 80 79 78 77 76 75 74 73 72 29371

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 4,7,

and E lines is consistent with that of Figure 4.3.2.

OrD DD CyDCoy subgroup splitting
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Other correlation tables
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Elementary induced representation 04C4)TO

Projection reduction of induced representation 04C4)TO
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pAi= ]

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

0o oC’j|Ilr

-
(0)4 (1)g ()5 B)g=(-1)y4 205 (15 (2);=(-1);Re0

Fi=ry

e 1
e 1
| .
|

® A 1 ]. . .
. A ~ 1 . .
. E |- |
| T 1 1 | |
| T2 I | |
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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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ooC, |0, 1, 2, 3, 1-PO‘=(p04 +p, +p, + p34)-P0‘ e
AdC, | 1 1.P"=P" +0 + 0 + 0
4 L ) Summary of
Adc, 1 1'P"= 0 +0 + P +0 0-C,
E E E .

EC, | 1 1 1LP* =P, + 0 + P, +0 diggonal b =
ric, | 1 1 I |1-Pi=p + P+ 0 +P] (idempotent)”
lc 1 1 1 l1P=0 +P° +P- 4P" projectors

4 1,1, 2,2, 3,3 Ph..
() ~ ~ ~~ ~ ~ ~ .%I. . ..
Pn4n4(0:)c4) 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
T?
8-P,’, 0 0 -1 1 0 -1 -1 0 1
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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
[16 134
split split
Al
]30404___j:l
h
1)0404 __0
E
P, , 12
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ooC, |0, 1, 2, 3, 1-PO‘=(p04 +p, +p, + p34)-P0‘ e
AdC, | 1 1.P"=P" +0 + 0 + 0
4 L ) Summary of
Adc, 1 ILP"= 0 +0 + P +0
E E E .
EC, | 1 1 1LP* =P, + 0 + P, +0 diggonal b =
Tlc, | 1 1 [ [1-Pi=p" + P+ 0 4P (idempotent)”
lc 1 1 1 l1P=0 +P° +P- 4P" projectors
4 1,1, 2,2, 3,3 Ph..
() ~~ ~~ ~ ~ ~ J‘] . ..
Pn4n4(0 =) nnrity AL PPy P | RRRR R R ity by
24P 1 1 11 | L1+ @D
4Y4
24-P." 1 | 11 o I L N e B
12-P’, - 11 - 11| - @
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 L1 0 ()
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
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9

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

p,=(1+iR —p —iR)/4

p2J=(1—RZ+pZ—l~lz)/4

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

The 047 cluster
[16 134
split split
A 4 oE
1)()4104 Al %11)041041)040 adl|
T,
P 0, =0
E i
l)0404 _ 1/2
=",
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Elementary induced representation 04C4)TO

Fig. 4.3.1 PSDS

y—giqs (5 |_| a2 | Thus we label states by

\ 1C4 — C4 ™ {la R3’ R%a Rg}
1, RLRGR (R%,i4, RS, is),

Ri( )
<3|‘<’1|‘\r1(1,R R%,R3)=(r,,z],r4, R.):
or Q 72(1,R3,R§,R3) =( 2,12,7'—;, )a
3-axis ,79', 2 2 3
vf}. rl( , R3, R5, R )=(1,R1,r3, ),
§
22( R3,R§,R3)=(r2, o T )

e

Here is 04 Cy) induced representation .7 419(L;) of a linear combination of i-class rotations

Li = ii1+ i2i2+ 1503+ i4dat isist isle > Ii= 543+ l4)+ i76 (1 + L2+ is+ i6)
___________________ o2 B s e | [ 12 314 15) 16
(1] Lo+, 1i L L s | is= i34 =iy AT 20, i ]i Le  hg g
@i+, 1 L i L s L @2l 2, 1 i i he  he  hs
gotoy= S| b B L diHe L 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 ]

l16~11=12=15=16
Wednesday, April 12, 2017
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ODCy induced representation 04Cy)T0 ~A1BTIDE and spectral analysis examples
Elementary induced representation 04C4)TO

Projection reduction of induced representation 04C4)TO

Introduction to ortho-complete eigenvalue-parameter relations
Examples in SFs spectroscopy
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J=30
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4 .
1
T, S 5 kel
4-10 cm‘+ "#{]1’4
'
9-10-8em-1 | —_—
v
¢ ~Kfi—-37
5-10-7em1 s .
. e (3),

{0E)d

+./ '-] \'\\I\IH o }
10-6cmr{ 2 3
T e : i
* "\'*-:Ill | rA .'L.f."."‘."t,:f.-f.‘gl'

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 .

WwWWM“WWWWM

ol ifuiFaiP el O Y TRETR BT - TN
Emun"_ BiSem  6i0entt - * separatrix

SF{’ U3 P(SH)-!(H1 A7 nmn L] |

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 ""wn"*-‘w'wwuw ARY Y S N =Y
Four fold _T-:_:::‘.--' 1____,.'..?__—-:"__ _____.:_--'f more: " 4 _fmixing ”Hﬁ ,a; ‘*‘---ﬁ___...‘I "'--...l"';%“h"-r\:“‘-.
e .'.:.'." .'.. '.'. [ P/ H - i i 1
e spectes mixing 4* 47 | K;=..81 82 83 84 g5 86 87 88
{c}Supurflnn Structure (Rotational axis tunneling) i - : '

Tt : +-—E.'ETH. E.*TEH: ™ :Him
: :m 0 M . Elﬁlmﬂ i n 11 wﬂ %
;';;‘ﬂ':l'. =g, ¥ 2wz [EmAll o | Sk ET pa—.
:i 3:." 10 Hz | %N | |— 4H: | BT || 7 kHz [ T] LI 6.2MHz [Tz
ET:I - A | ARE L L1
t et W !

|

—¥ ¥

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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20% 300 40% s0° 60 L ' 140° 1507 160®

(111)-clusters

l_..l" A m ® " L] . - . B
7 2-fold (110)-clusters
' C, symmetry
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