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0oC, |0, 1, 2, 3 r_ R,
4154 4 “4 4 Oi%g g=1 ~1 4 P - V: i
AI\LC4 1 : ) ’ r1—4 nyz
Calculating PE2., e, =1 1 1 1 1 1 , i
1 —
p, =(1+R_+p_+R )/4
— EC, | 1 - (::) : A ) i
. ) 2rim-pl4 P =(1+iR -p -ZRZ)/4
e, [ 11 1 EJ]2 1 2 0 0> pm=§ e ro=| ” :
P’ =p P =Pp e, |11 L o tops0 4 p, =(I-R_+p_-R_)/A4
2424 2, 2, 4 z z vz
r, |3 0o -1 -1 1 : -
°0 gE . 0 9 . ~ - P34=(1"RZ'PZ+ZRZ)/4
=) g (p. )= 2o ) e 11+lp-IR-IR)
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 ,die ) +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% N1 Ep g% g% 2 1 E; 324 ™ 24 1., Ep 374 3% 24 | LE o 370 g% 24 1 E g2, 24
+isdr (g U od, Do 2y odi 1 dy) 520 (g odi 1 dy) + i (dy odi 1 od,) + g (dy dy 1 od,) +is it (dy di 1 od,)

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. FE 24 24 24
+48ZRZ(dRZ ,djéz ,dpz ’1) +48Xi3(dRZ ,diéz ,dpz’l) +48%Ry(dRz ,dl’éz ,dpz,l) +48%Ry(dRz ’dkz ,dpz,l) +48%i6(dRz ,dkz ’dp:,l) +48Xi5(dRZ 7dRZ ,dpz,l)

= (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 ), . J 1., 1 le 1 1 1 IS . 15 15 1 ls 1= 15 11 1s

p(11+1p~IR — IR +1p+1p—1i,—1i ohah LR, ohalhL HR, Dhoh bR bl o6 o HR 5l
E_1 1o, 1., 1., 1 15 15 15 1% 1 1 D LR ). le  1s J s s 1

P2424 —12 (11—21’1 ELVIPLERPL VIR Vi) DIsP) Rt W +lpx+lpy +lpz ERxERy_le 2 x_2Ry _1_ . Hlihh _113_114215 216 )
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O2C, | 0, 1y 24 34 0: 1" | g=1 T4 o R, .
AI\LC4 1 ' ' ' e l~.1—4 e lixyz e
Calculating P, el = 1 1 1 1 1 , -
1 p, =(1+R_+p_+R )4
Bleg 11 4 1 1 1 A : S
_)TIJ,C4 @ 1 - 1 E ] ) 0 0 . —i p2impl4 or] p14=(1+iRZ-pZ-iRZ)/4
BT, —p, P" =P'p, nie, T 11 N R v e R I
r, | 3 0 -1 -1 I 3
2 p, =(1-iR -p_+R )4
4

Z—(x )g(p,, )= Z—(x )go( 11+1p.+1R_+IR )

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%l{z(dRz,dRZ,dpz,l)+35%£1(dRz,d;j,d;j,1) +35;(l;y(dRz,d;j,d;j,1) = (d,?,d d, 1) +hxi(dy dy dy 1)+ (dydy o, 1)
=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)
tp(FDEFLHL 14D +5(-DELAL 1T ,4D) +5(-DELHL 14D 0=+, ToAD) + 2 DELFL 14D + 2 (DL 1 ,+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;)

P, =; (11 +1p -lp -lp +IR +IR_ -li,-li, )
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0>C, 10, 1, 2, 3, 4 R
O: y* | g=1 . i
AI\LC4 1 ) ) ) Zg ¢ l~.1—4 pxyZ nyz 11_6
Calculating P11, el p=4 | 1 1 1 1 1 ‘ i
Ele, |1 A4 1 1 1 Po~(rR,¥p. TR,V
4 2 -
—_— 7lC, | 1 @ oo E |2 -1 2
T, __ T, _ v . 3 0 1
1)1 114 p141) I =P 1p14 TziC4 1 1 1 1
, | 3 0 -1 - N
°0 . : p, =(1-iR_-p_+R_)/4
Z—(Jc )yg(p, )= Z—(% )g( 11-1p, +iR, ~iR.) |
8

1C,=1{Lp.R.R | pC,={p.p,i,i,} nC,={rriR} rC ={nriR} ic, ={f.i.R i} £C,={E.F.R i
=20 (hdy dy ) + 30, ) it (dy dgodg) w0 (Ld, de dy) w520 0d, dy dy) +5200.d, dy dy)
e Zp @yl oy d) + 20, 1 dy dy) +0(d, 1y dy) 32%r1(d Uodyody) +5x0(d, 1 dy.dy) +520(d, 1 dy dy)
e (o 1 od) el o 1 dy) w520 (g o) o)+ i (dy o dy L dy) vy (dy dy 1 d)) i <d dy1.d)
i (dy dyd, 1) v dy oy od, 1) g (dy dy d, 1) e (dydg-d, 1) +3520(dy g d, 1) e (dy dyd, 1)

=o(F3X1 =1, 4i,—i) +o(=1)X1 ,=1,4i,—0) +5OX L,=1,4+i,—i) +5O0X I,=1,4+i,—i) +,50X 1,=1,4i,—i) +55(0X 1,=1,+i,—i)
ra(=IX=1, 1 =i, 40) +45(=1X=1, 1 ,—i,4+i) +5(0X=1, 1 ,—i,+) +50X=1, 1 ,—i,+i) +50X=1, 1 ,—i,+i) +5(0X=1, 1 ,—i,+i)
to(F =i+, 1 =) +5(=1X=i,+i, 1 ,=1) +5(=1X=i,+i, 1 ,=1) +5(=1X=i,+i, 1 ,=1) +5(+1X=i,2+i, 1 ,=1) +5(+1X=i,+i, 1 ,=1)
+(F (i, —i,=1, 1) +5(=1X+i,—i,=1, 1) +o5(+1+i,—i,=1, 1) +5(+1X+i,—i,—1, 1) +5(=1X+i,—i,—1, 1) +5(=1X+i,—i,—1, 1)

+4,-4, 4i-4i, 0, 0, 0, 0, +2i -2i-2, +2, +2i -2i-2, +2, -20{+2i+2 -2  -20+20+2 -2.

;(11-1p +iR -iR. +0p+0p+0i,+0i, +;r-;r,-3i, +R + 35,515, R, SE+HE+ R i S E+3E,+ 3R i)

1 i i lee L B R I I 1 1 : 1
8(ll +0p,+0p,-1p. +oI 4,0, o 6or, S5 F HEHE +;Rx+;Ry+le 2
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0oC, |0, 1, 2, 3 r R__
4 4 4 4 4 0 Z'u g=1 1-4 D ) Xy, 11_6
Ade, |1 8 ., 2 R
. xyz
Calculating P'22.2, ade, |1 Py T R R , )
p, =(1+R_+p_+R )/4
Elc, |1 (::) : 4, [ 1 1 1 - ) i
tic, |11 - 1 E |2 a1 2 o s prmpt | py =(HR p -iR_)/4
T T T T 30 -1 1 1 Py~ 2 a R ~
l)2 L o=p, P =P P, Tle4 -1 1 1 1 p=0 p24=(1_RZ+pz_Rz)/4
4<4 4 4
7, |3 0 -1 -1 1 -
& Y p; =(I-iR_-p_+iR )4

0 4T, .
= 25_0(%; ) g .(p24 ) — 29%(%; ) g ( 11 _|_1.pz_ 1.RZ_ le)
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
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)
el (i 1oy Ve (dy oy 1 ody)) vy od 1 od,) 20 (dy oy 1 d,) + i (dy g 1 od) v (dg oy 1)
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)

= (3 L AL =1, =D) + 5 (I LHL=1L,=D) (0L +1,=1,=D) (0} LAL,=1,=1)  + (O L+1,=1,=1)  +5( 0) 1,+1,=1,=1)
o (=L 1,=1,=1) + 5 (—1)(+1, 1,=L,=1)  + 50X+, 1,=1,=1)  + (Ox+1, I,=L,=1)  +5( 0)+1, 1,=1,=1)  +( O)+1, 1,=1,—1)
(=1 =, LD+ (=1 =1, L+ + (=L, =1, L+l (=L =1, L,4+1) +5(—10=1, =1, L+l +5(—1x=1, =1, 1,+1)
o (==L =LA, 1) + 5 (H (=L, =L 41, 1) + (=L, =L 41, 1)+ (==L, =1L+, 1) + (1=, =1, +1, 1)+ (=1, =1, +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,)

P, = (11 +lIp -lp-lp, —IR —IR_ +li,+li, )
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O2C, | 0, 1y 24 34 0: 4" | g= 4 o R, ;
alc, |1 8 P, % R__
. 174 1-4 xyz
Calculating P21, e | u=4 | 11 1 1 1 , )
p, =(1+R_+p_+R )/4
e, |1 -1 4, 1 1 1 -1 -] :
ic, |11 - 1 E |2 -1 2 0 0
r, _ L _ph e (1 Y1 1 T 3 0 -1 1 -1
1)1414 _p14P =P p14 274 m !
T, 30 -1 -1 1 .
T °0 . p, =(1-iR -p_+R )4

oy 3 . o
=) %()(g-)-g'( I1-1p,+iR, —iR)
8

%(Zgﬁ)’g'(l’u):;

1C,=1{L,p. R_R_} pC,={p.p.i.i,} rC,={r.r.i.R} rC ={r.r.i.R}

1.7, 14 I I L T 14 14 14 1. T 14 14 14
o2t (Ld, dp dy) w0 (Ld) dy dy) ) (Ld, dy dy)

1,7, 14 I4 I4 1.7, 14 14 14 1.7 I4 I4 14
+32sz(dpz,1 ,dkz,dRZ) +32xpy (dpz,l ’dRz,dRz) +32%1’4 (dpz,l ,dRz,dRz)

l TZ 14 14 14 I T, 14 14 14 I T, 14 14 14
+32%Rz(d]~ez’dRz’1 ’dpz) +32Zi4_(diez’dRz’1 7dpz) +32Zil_(digz’dRz’1 9dpz)

[ S T L 1T g% g4 gl A L T
+32ZRZ(dRZ,dRZ,de,1) +32%i3_(dRz’dRZ,dpz’1) +32%R_y(dRZ,dRZ,de,1)

+5( 0 1,=1,+i,~1)
+3l2( Ox-=1, 1 ,—i,+0)
+ o (+IN=i+i, 1 ,=1)
+312(—1)(+i,—i,—1, 1)

+3l2(—1)(1 ,—1,+i,—1)
+3l2(—1)(—1, 1 ,—i,+0)
+ o (HIX=i,4i, 1 ,=1)
+312(+1)(+i,—i,—l, 1)

:312(4—3)(1 ,—1,+1,—1)
+ o (—1X=1, 1 ,—i,+0)
+ o (—1X=i,4i, 1 ,=1)
+312(—1)(+i,—i,—1, 1)
s(11-1p+/R R, +0p+0p,+0i,+0i, - r+ir,+i- R,

— X

~

L _ 1 i L L L I8 4 IR i
P14i4— 8(11 +pr+pr_1pz ';rl';rz +£r3+2r4 +£r1+2r2 203 2

o 1~
N

~

rC, = {fl’fS’Rx’i6} r,C, = {f'zaf'wa’is
s xe(d, dy ,d,;‘: ) +axr(Ld) dy ,d;: ) e (Ld, dy ,d;{)
b (d, 1 dy dy)
raa X (dy 1 o)
+312XiT52(d11€i’d11€’d2’1)

1.7, 14 14 14 1.7, 14 14 14
+32Zr3 (dpz,l ’dfez’dRz) +32%f-3 (dpz,l ’dRZ’dRZ)
l T2 14 14 14
+32ZRX(dRZ,dRZ,1 ,dpz)

l Tz V] V] V]
+32 i, (g oy »d, 1)

l T] 14 14 14
32X, (dkz’dRz’l ’dpz)
l T2 I I I
bl (dydy d, 1)

+( 00 L =14i,=0)  +5( 0X 1,—1,4i,-)
o OX=1 1 =i, 40 +5( OX=1, 1 ,—i,+i)
(I =i+, 1 ,=1) + (= 1X=i+i, 1 ,=1)

o (H I+ —=1,=1, 1) + 5 (+IN(+i—i,—1, 1)

+5( 0 1,=1,+i,~1)
+?}2( Ox-=1, 1 ,—i,+0)
+ o (+IN=i+i, 1 ,=1)
+312(—1)(+i,—i,—1, 1)
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Review Coset factored splitting of ODD4sDCy projectors and levels
* Irreducible idempotent projectors P'mm of ODCy~TaDCy ‘

CalCUIating PE0404 PE2424 PT10404 PT1]414 PT22424

Tuesday, April 23, 2013



[rreducible idempotent projectors Pty n of ODCy~TuDCy;
Broken-class-ordered Ai-sum: S
P =, (11 +lr+le+le+le, +1F +18, +1E+IE, +1p+Ilp+lp. +IR +IR, +IR, +IR +IR +IR,  +li+li, +lig+li, +lis+lig)
Broken-class-ordered A>-sum:

P22 =, (1 +Ir+ie+ir+lr,+IF +1E, +IE+IF, +iptip+ip. —-IR-IR —-IR —-IR -IR —-IR_~ -li-li, -li;-li, —li;—lig)
Broken-class-ordered E-sum:

,  —EoF, +lp+lp +lp, R R +IR_ -R

1D D le s . . ls s
sz +IR, -0, 4l 4+, i)
41
2

R, —IR, +i+i, —li;—1li, +is+i,)

1., 1 1.1 =
404 12(11 IPLIREL UIRDY ERpY VIR Vi

E 1 1., 1 1 1 = ~ 1= 1 1 l
P2424 :12(11 ELIREL VIR ERY VERERY She? UYL R +1px+1py+1pz +2Rx+2Ry _le + R +

Broken-class-ordered T1-sum:

P\ = (11 +r+ir, -iryir, -F-F HEHE +0p+0p, -1p. H R, H R, R+ R +R, -R, i, +0i+0i, -5 i)
T j i~ i ~ |~ 1 1 1 1 2. le 1 . . 1 1.
P34‘34 = g(l-l - T, —51‘2 +5r3+5r4 +,I+,T, —51'3 -5 T, +0px+0py -1p, +2Rx +2Ry —zRZ+2Rx +2Ry +iR, i1, +0i,+0i, -i5 i)

P’

0,0,

= ;11 +0+0 +0+0 +0+0 +0+0 -lp.-1p, +lp. +0 +0 +IR_ +0 +0 +1l~2Z +0+0 -1i, -1i;, +0+40)

Broken-class-ordered 1T>-sum:
s(11 - r-ir, Hrer, HE+HE - F-F, +0p+0p-lp, R, R, +R “R

11D il 1 1 . . 1 1
114 . N 2R R, +i+01, +0i,+01,+ 15 +1)

' i i im im i Q= I I : B 15 B le s . « L 1s s
P313 (11 +l‘+l‘ -r,-r, - I-Tr, + L+ T, +Opx+0py—1pZ 'in'iRy R, R - Ry +R, +i+1, +01,+01,+ 15+ 1)

P24—24:§(1-1 +0+0 +0+0 +0+0 +0+0 -lp-lp,+lp. +0+0 —IR_  +0+0 —1R, +0+0 +li,+li; +0+0)

R
4 xXyz
O %g g: ~ pxyz - 11—6
4 xyz
pu=A 11 111
4, |1 1 1 a1 A
E 2 -1 2 0 0
T, 3 0 -1 1 -1
I 3 0 -1 -1 ]
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Review Coset factored splitting of ODD4sDCy projectors and levels
Irreducible idempotent projectors P'mm of ODCy~TaDCy
CalCUIating PE0404 PE2424 PT10404 PT1]414 PT22424

* Factoring out ODCy subgroup cosets.
FaCtOI”ing P00, PEoo, Pligg, PYy P,

<
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Irreducible idempotent projectors Py mof ODCs~TuDCy;
Factoring out ODCy subgroup cosets:

1C, = l{l’pz’Rz’Rz} p.C, = {px’py’i4’i3} rC,= {l‘l,l‘4,i1,Ry} r,C,= {rz’rs’izvﬁy} rC, = {fl’f3’ﬁx’i6} r,C, = {f'z’f'me’is}

Coset-factored Ai-sum.:
P =5[(D1p,  +(D-pp, +Orp, +Dr,p, +DEp, +(1)F,p,] 3 p2mimpld

Coset-factored Asr-sum: :ZEO 4 z
PAz :112[(1)'11’24 +(1)'pxpz4 "'(1)'1'11)24 "’(D'rzpz4 "'(1)'1~'1p24 +(l)-l~‘2p24] P, :(1+Rz+pz+ﬁz)/4

Coset-factored E-sum.: ' i
E fc 1 | | - N p, =(14R -p -R )4

Poo :_[(1)'1130 +(1)'pxpo4 +(—5)-r1p04 +(—5)-l'2p04 +(—§)-l'1p04 +(—5)-r2p04] < _
1 1 N = N = p, =(0-R_+p_-R )4

224 [(1) lpz "'(1)'[)xp24 +(-2)-r1p24 "'('z)'rzpz4 "'('2)'1'11)24 +(—2)-l'2p24] ) _
Coset- factored T1-sum: p, =(I-R -p_+R )4

P1T14 - 8[(1)'11)14 "'(())'pxpl4 +(+§)-l’1p14 +(+§)'1°2p14 +('§)'l~'1p14 +(—§)-1~°2p14]
P3le4 = §[(1)'1p34 +(0)'PXP34 +(—§)-r1p34 +(-§)-I’2p34 +(+é)'f1p34 +(+é)'l~'2p34]

P, = [(D1p,, +CDpp, +Orp, +©O)r,p, +O)Fp,  +(O)F,p,] Cixl|g=t R_ p R,
Coset-factored T>-sum: pu=0, | 11 1 1
P =il)dp, +O)ypp, +C)rp, +C)T,p,  +C)EP,  +()Fp,] Lol oroe
P, = i[()1lp, +O)pp, +CG)rp, +GD)r,p, +GDEP, +G)E,p,] 2, |1 -1 1 -
P, =:(1p, +O)pp, +O)yrp, +O)yr,p, +O)Fp, +(0)F,p, ] 3 Lo -
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C 4 subgroup correlation to O

0oC 1 3),=(-1
N A‘: - (.)4 . (.)4 Dy C, Projectors to split octahedral P*

A1 e e 1 . 3 omimp/d P, =(1+R,+p, +R,)/

E2 1 . 1 . . e2mim:p RP — < P, = (]_ -+ sz —p, — Z‘_B'z)/ll

4

1 I S I = i p2, =(1-R,+p,—R,)/

T2 . | | | . P34 =(1_2Rz_pz+7’Rz)/4
1.P%= (p04 +P1, P2, +p34) - P
1-PA= Pyl 40 40 +0
1.P2= 0 40 4Py +0 .
1.PE — p0E4 0 40 2Ej N 10 10 split O-C, octahedral P"
1-PT = Pg,, +P, +0 +P3ls, related to 10 split sub-classes
1-P2= 0 +P§14 +P3%, +P§§34

5312,14 (O D) C ) 1 T1T2f3f4 f1f2T3’f’4 Pz Py Pz R R R R Rz Rz i1i2i5i6 ’i3’i4
24 - Py, 1 1 1 11 1 1 1 1 1
24 - P52, 1 1 1 11 —1 -1 -1 -1 -1
E 1 1 1 1

8- P #14 1 —2 +2 0 -1 +5 —i 44 —4 0
8- Py, 1 +3 —3 0 -1 +5 +i o —i —4 0
8- P, 1 0 0 -1 1 0 1 1 0 -1
8- P?jh 1 +4 —3 0 -1 — —i i +35 0
8- P%:34 1 —3 +2 0 -1 — +i —i +5 0
8- P2, 1 0 0 -1 1 0 -1 -1 0 1
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(a) Oglobal*OlocalDoglobal*C4local ( f) Oglobals.oylocal

A4

() O2Dy(p,p 0.

A
) A,

A
€1
| 1 82
| 83?_:4 010101 T3T3T3 ]
€€ | ;€589 [10,0,0,
€13€14815 |€190€508;
3313 £2283%4

3+3+3
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Effects of broken or transition local symmetry for i-class

Dﬁtzd[ k'k} = —(iy + o + iy + ig + i5 + ig)
04 2, |
DE[ikik]= 04 —%[11 + iy + 5 +ig) + iy + iy va'ﬁ[ + iy — i5 — i)
24 h.c. %{11 + iy i + i) — i3 — iy
D7 (ixix) 14 34 04
14 —5(i + g +d5 +dg) —5(6 + i — @5 — 1) — i(ds — 14) _ﬁ(il —ig )+ (15 — ig)
34 h.c. —5[11 + i + 15 + 1-5:] +1.,-_'];§(i1 — 19 ] + %[ig — iﬁ:]
04 h.c. h.c. —(i5 + i4)
DTz (i) 14 34 24
14 +5(81 + iy +d5 + dg) +5(01 + i2 — @5 — 1) — i1z — 14) +v—}§(i1 —ig )+ 5 (i — i)
34 h.c. +3 (i1 + 1p + 15 + 1g) _v_l’ﬁ(il — iy )+ %[ig — 1g)
04 h.c. h.c. +(i5 + 14)
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* Irreducible nilpotent projectors P*,
Fundamental P"y, , definitions:

Review of D3;DC2~ C3,DC,
Calculating and Factoring P11,
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Irreducible nilpotent projectors Py, ,

F undamental Pty definitions: o ou 3G
(1) PLgPi =Dy @P), () 8=22DL@FP, () PL=c-3 D2
u m,n g
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Irreducible nilpotent projectors Py, ,

F undamental Pty definitions: o ou 3G
(1) PLgPi =Dy @P), () 8=22DL@FP, () PL=c-3 D2
u m,n g

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.
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Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use P, in (1) to get something proportional to P#,,

P,.gP, =P,

Tuesday, April 23, 2013

19




Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use Pty in (1) to get something proportional to P, , P! aP" = ()P

Then find D#,»(g) by operator transformations: gP = ZD (g)Pk‘,j
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Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use P#,, » 1n (1) to get something proportional to P4, , o
Then find D*, x(g) by operator transformations: gP. = 2

k
or by projector nomalization: PXPA =PLPH =P#

mn mn mn  nm

P,gP, =P,

Dk‘liln (g)Pk‘Z

Tuesday, April 23, 2013
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Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use P#,,, in (1) to get something proportional to P#,, w o (P gPl = ()P

Then find D", (g) by operator transformations: gP! = 2 D[ (g)P/
k
or by projector nomalization: PXPA =PLPH =P#

mn mn mn  nm

or by ket-vector transformations: g\ P, > 2 D}, (g)‘ Pkl,i>
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Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use P#,,, in (1) to get something proportional to P#,, w o (P gPl = ()P

Then find D", (g) by operator transformations: gP! = 2 D[ (g)P/
k
or by projector nomalization: PXPA =PLPH =P#

mn mn mn  nm

or by ket-vector transformations: g\ P, > 2 D}, (g)‘ Pkl,i>
)= D (g)

or by direct (k,m)-matrix elements for any (») that gives nonzero value: <P g
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Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use P#,,, in (1) to get something proportional to P#,, w o (P gPl = ()P

Then find D", (g) by operator transformations: gP! = 2 D[ (g)P/
k
or by projector nomalization: PXPA =PLPH =P#

mn mn mn  nm

or by ket-vector transformations: g\ P, > 2 D}, (g)‘ Pkl,i>
)= D (g)

Hint: Sub-group chain factoring helps. Since P# 1s all-commuting: P, P“_Pnim _P“Pm4

or by direct (k,m)-matrix elements for any (») that gives nonzero value: <P g
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Irreducible nilpotent projectors Py, ,

Fundamental Pty definitions: o ou 3G
() PLgPh=Dh(@Ph () 8=22Dn@P,  (3) P,= OGZD“ (2)
u mn

Problem: (1)-(3) all require P*,,, and D", ,(g) from the get-go.

Solution: First use P#,,, in (1) to get something proportional to P#,, w o (P gPl = ()P

Then find D", (g) by operator transformations: gP! = 2 D[ (g)P/
k
or by projector nomalization: PXPA =PLPH =P#

mn mn mn  nm

or by ket-vector transformations: g\ P, > 2 D}, (g)‘ Pkl,i>
)= D (g)

Hint: Sub-group chain factoring helps. Since P# 1s all-commuting: P, P“_Pnim =P"p,, my

or by direct (k,m)-matrix elements for any (») that gives nonzero value: <P g

This reduces to a smaller objectp,, 8P, to calculate: P;f{:m an‘:Ln4_ P“Pm 8P,
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Irreducible nilpotent projectors P*,
Fundamental P"y, , definitions:

* Review of D3D>C2~ C3,0C,
Calculating and Factoring P11,

Tuesday, April 23, 2013
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC, P, = Z D, (g)g

o

Doyl xi xi x
e=A 11 1 11 Given: PE=%(2c1—cr+O)

o 1 2
a=E | 2 -1 0 =3(21-r—1")

Do C>={1.,i3} splitting:

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

Then find nilpotent proportional to: Péo ) =PEP12 Py,

Tuesday, April 23, 2013




Irreducible nilpotent projectors Py, ,

&
Review of D3DC>~ C3,DC, Pﬁn:% D, (g)g
g

Dy:ypi | X' X x

O‘fAl b 1) Given: PE=%(2c1—cr+O)

" ] —1(21—r—r2)

o=F 2 -1 0 3
Do C>={1,iz} splitting:

E
PL =
0,0,

PEp02 =1(21-r—r’) (1+iy) = c(21-r—r"—i —i, +2i,)

| . 1 . . .
p- :PEp12=§(21—r—r2 A(1—iy)= ¢ 21-r—r"+i, +i, - 2i;)

hly

Then find nilpotent proportional to: Plioz =p” Py, TP, = [N

1

axis

r +rl3
1 r +ri,
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

Doyl | xi x' xf
a=A | 1 1 1
o = _
o=F 2 =1 0

Given: P"=1(2¢,-¢,+0)

1 2
=3(21-r-r")

Do C>={1.,i3} splitting:

E
PL =
0,0,

1 1 . 1 . . .
P, =P P, =3(21-r—r")y(1-ip)=g Qlor—r’+i, +i, - 2i;) (

hly

Then find nilpotent proportional to: Plioz =p” Py, TP, = [N

P py =3(21-r—1");(1+i;) = ¢ (21-r—r’~i, ~i, +2i;)

1

axis

r +rl3
1 r +ri; =

r +l‘l3
1 ro+i,
o L] 2

Tuesday, April 23, 2013
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Irreducible nilpotent projectors Py, ,

Review of D3D>C>~ C3,DC, P = %
g
Dy | 0 X' xi
=41 1 1 11 Given: PE:%(ch —¢_ +0)

o
o

E

2

—1

0

1 2
=3(21-r-r")

Do C>={1.,i3} splitting:

PE

1 1 . 1 . . .
P, =P P, =3(21-r—r")y(1-ip)=g Qlor—r’+i, +i, - 2i;) (

hly

Then find nilpotent proportional to: Plioz =PEp12 Py, = P’ %% 1
= (M) (r—r’ =i, +1i,)

PE

or. 0212

1 1 . 1 . . .
00, =PEp02 =1(21-r-r’) (1+iy) = £ (21-r—r’—i, —i, +2i;)

1

axis

r +l‘l3
1 ro+i,
o L] 2

Tuesday, April 23, 2013
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Irreducible nilpotent projectors Py, ,

Review of D3D>C>~ C3,DC, P = %
g
Dy | 0 X' xi
=41 1 1 11 Given: PE:%(ch —¢_ +0)

o
o

E

2

—1

0

1 2
=3(21-r-r")

Do C>={1.,i3} splitting:

PE

1 1 . 1 . . .
P, =P P, =3(21-r—r")y(1-ip)=g Qlor—r’+i, +i, - 2i;) (

hly

Then find nilpotent proportional to: Plioz =PEp12 Py, = P’ %% 1
= (M) (r—r’ =i, +1i,)

E
or: P
0r15
Et E
- P =P
SO. 0212 1202

1 1 . 1 . . .
00, =PEp02 =1(21-r-r’) (1+iy) = £ (21-r—r’—i, —i, +2i;)

=) (r* —r—i, +i,)

1

axis

r +l‘l3
1 ro+i,
o L] 2

Tuesday, April 23, 2013
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Irreducible nilpotent projectors Py, ,

Review of D3D>C>~ C3,DC, P = %
g
Dy | 0 X' xi
=41 1 1 11 Given: PE:%(ch —¢_ +0)

o
o

E

2

—1

0

1 2
=3(21-r-r")

Do C>={1.,i3} splitting:

PE

1 1 . 1 . . .
P, =P P, =3(21-r—r")y(1-ip)=g Qlor—r’+i, +i, - 2i;) (

hly

Then find nilpotent proportional to: Plioz =PEp12 Py, = P’ %% 1
= (M) (r—r’ =i, +1i,)

E
or: P
0r15
Et E
- P =P
SO. 0212 1202

gives equation for (?)-factor:

1 1 . 1 . . .
00, =PEp02 =1(21-r-r’) (1+iy) = £ (21-r—r’—i, —i, +2i;)

=) (r* —r—i, +i,)

PE PE

0ply 71505

1

axis

E 2.2 . 2 .
_Pozozz(?) (r°-r—i +i,))(r-r"—i, +i,)

r +l‘l3
1 ro+i,
o L] 2
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Irreducible nilpotent projectors Py, ,
Review of D3;DC2~ C3,DC, P, =

o

Dy:xl |\ xi° x x'
a=A | 1 1 1

Given: P"=1(2¢,-¢,+0)

E |2 -1 0

“ 1 2
o =3(21-r-r")

Do C>={1.,i3} splitting:
1 1 . 1 . . .
Pob; 0, =PEp02 =1(21-r-r’) (1+iy) = £ (21-r—r’—i, —i, +2i;)

1 1 . 1 « s .
P, =P'p =321-r—r");(1-i)=g(21-r—r"+i, +i, - 2i;)

Then find nilpotent proportional to: Plioz =PEp12 Py, = P*

E 2 .
or:  Pp =) (r—r"—i+1i,)
Et _pE _ o 1.2 .
SO 1)0212 = P1202 = (9) (I‘ —Ir—1 + 12)
. : E pE
gives equation for (?)-factor: P0212 'Plzoz =

1

axis

r +rl3
. 1
1 r tri; =g

r +l‘l3
1 ro+i,
o L] 2
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

o

Dy:xl |\ xi° x x'
a=A | 1 1 1

Given: P"=1(2¢,-¢,+0)

-1 0

“ 1 2
o =3(21-r-r")

E 2

1

axis

Do C>={1.,i3} splitting:
1 1 . 1 . . .
Poi 0, =PEp02 =1(21-r-r’) (1+iy) = £ (21-r—r’—i, —i, +2i;)

E  _pEr _lemg o 231 x e _loge 2 & & niy iy ( .
P, =P P =3C1-r—r");(1-iy)=7g(21-r—r"+i, +i, - 2i;) : r +ri r +ri
. : oE _pE _pEll . 1 pE :
Then find nilpotent proportional to: P1202 =P plzl‘poz—P 23 1 r o 4riy =2 P 1| r 4+,
E 2 ° ° ! . . .
. — (N(v — 2 _ o . 2
or: P0212 (N)(r—r"—i, +i,) | A iy | -y
. Et _pE  _on* (w2 s s N e
SO P0212—P1202—(?) (I‘ r 11+12)
gives equation for (?)-factor: Pf I 'P1E0 —POE 0 =(7)2‘(l’2—1‘—i1+i2)(1’—1‘ —1i,+i,)
: - Uy 105 050,
( \ = 21—r=r? =i —i, +2iy) -coeeoo-
+r -1’ -i, +i, o 171y +215)
+r2 | +1  -r —i, +i
2 3
E 2
P = 2 C
050, () r r +1 +l3 L
. : : 2
\ +i, | +i; -0 -r +1 )

Tuesday, April 23, 201
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Irreducible nilpotent projectors Py, ,

Review of D3;DC2~ C3,DC,

Doyl | xi x' xf
a=A | 1 1 1
o = _
o=F 2 =1 0

Do C>={1.,i3} splitting:
pr

1 1 . 1 . s o :
P, =P'p =321-r—r");(1-i)=g(21-r—r"+i, +i, - 2iy) i(

hly

Then find nilpotent proportional to: Plio ,

E 2 . s
or:  Pp =) (r—r"—i+1i,)
 DET _pE o2 e s
SO P0212—P1202—(?) (I‘ r 11+12)
j tion for (?)-factor: Py, P
gives equation for (?)-factor: *o,,
( 2 . .
+r’ | +1  -r —i, +i
2 3
E 2
P — t? . B _ 2 . e
0,0, (?) r|-r- +1  +i; -
Hi, |+, —i, -r? 41
. b 3 1

Given: P"=1(2¢,-¢,+0)

1 2
=3(21-r-r")

1 1 . 1 . . .
00, :PEp02 =1(21-r-r’) (1+iy) = £ (21-r—r’—i, —i, +2i;)

150,

\

L PG s
P'=—> D" (g)g
G g

1

axis

r +l’l3

E E11 .
=P rp, =P 55| 1 r +ri, =-
P1,TPo, 272 3 73

= (?)2-(+41 —2r—2r’ - 2i) — 2i, +4i;)

r +l‘l3
1 ro+i,
o L] 2
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Irreducible nilpotent projectors Py, , G 1k
Review of D3DC>~ C3,DC, P, = %ZD,SH (2)g
g
Dyl | 0 x X
=41 1 1 11 Given: PE:%(ch —¢_ +0)
o= —
1 2
oa=E | 2 -1 0 =3(21-r—r7)
Do C>={1,iz} splitting: 11
E E 1 2314 Loy 1 2 . e A - -
PO202 =P p02:§(21—r—r s(1+iy) = (21-r—r"—i, —i, +2i,) axis F axis
E  _p E. _ Ling o I RN B S
P, =P p =3(21-r-r");(1-i)=g(21-r-r"+i +i, - 2i,) ( r +ri ( r +ri
Then find nilpotent proportional to: Péoz =PEp121‘p02 =P* %% 1| r  +4ri =% PEl 1 | r  +i,
E 2 . 1 :
or: Py = ()(r=r" =i, +1,) T | TR T —i, | -, -r’

Et _ ol _ on* /.2 . o e e e e e e .
SO P0212—P1202—(?) (I‘ —l‘—11+12) :

: : E E E 2 .2 _—_— PN
gives equation for (?)-factor: Py P o =Py o =) (r"—r—ij+i))(r—r"—i;+1,)

0yl 7150,
1 2 . . i :
( TS R R ) T__E_,.(.Z.'}_r_r —i =iy +203) eoeeeee
wr? | 41 o -y Hy | (D74
E 2 o2 2 . . .
Pro =7 —r |—r? +1 iy - |=()7(41-2r=2r" -2 —2i, +4i)

. . 2
+i;, —ip -r +1
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Irreducible nilpotent projectors Py, ,
Review of D3;DC2~ C3,DC, P, =

o

Dy:xl |\ xi° x x'
a=A | 1 1 1

Given: P"=1(2¢,-¢,+0)

“ 1 2
a=E | 2 -1 0 =3(21-r—r7)
Do C>={1,iz} splitting: 11
1 2319, ¢y | 2 . e A - -

Pob;Oz:PEpOzzg(ﬂ—r—r S(1+iy) =z (21-r—r’—i, —i, +2i;) axis axis
E  _p E_. _ Ling v o 2301 s v Lmq o 2 e e ey
P, =P p =3(21-r-r");(1-i)=g(21-r-r"+i +i, - 2i,) ( r +ri ( r +ri
Then find nilpotent proportional to: Péoz =PEp121‘p02 =P* %% 1 | r  +ri =% PPl 1 | r  +

. E — N. _ 2 . o : s o o . 2
or: P0212 (N)(r—r"—i, +i,) | A iy | -y

. Et _pE o2 e s s N e
SO: PO212 = P1202 =(7) (r'—r I+ 12)

' tion for (?)-factor: pi pL =pr =(‘?)2-(r2—r—i +i,))(r—r°—1i,+i,)
gives equation for (?)-factor: ¥o 1, *1,0,= Fo,0,= " T )

_1 2
( 4r  —r? —i, +, ) _6(21 —r =1 =i =iy +205) oo
]
IS B A A I 1
2 ) 2 e : .
Poi 0, = —r [ —r? 41 4y - [=(O)T(HA1-2r-2r" - 2i, - 2i, +4i5)
o R T S Solving for (?)-factor: (?)=4v3/6
. . . 2
\ +i, | +i; —-ip -r° +1 )

Tuesday, April 23, 2013
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

Doyl | xi x' xf
a=A4 | 1 1 1 Given:
o= —
o=F 2 =1 0

Do C>={1,i3} splitting

P =1(2¢, ¢, +0)
=% 21—-r- rz)

1

Py.o, =P Py, =321 -1 =1")5(1+i) = g (21-r—r’ i, —i, +2iy) axis axis
15}251'2"'_'""1;1'2"g'éi"'L"}F'"'('1"-';;3";'{éi'—"r'—'}";'{11'1"251;')";r e i, ( -
Then find nilpotent proportional to: P =PEp12rp02=PE %% 1 r  +ri, =% Pl 1 | r i,
or: 0212—(?) (r—r? i +i,) \ —i3 | —ir - —yri; \ —i, | -, -r’
S0 P(@zzpéoz:(?)*(l‘z—l‘—i1+i2)
gives equation for (?)-factor: P(;Ezlz 'P@oz 0202—_ (7)(1‘ ________ 11+12)(l‘l’11+12)

(e ey | TR R ._(59___é?_(__9_29_2_(_1?_1_+___Q_Qz_f’_’?_r_i__)_

e
Pogoz_(?)z- r | —r2 1 +H, ._(??---€+41 2r —2r” —2i, — 2i, +4i,)

o I T R g Solvmg for (‘7) factor: (7)==£v3/6
\ +H, |+, i —r* +1 ) (2)4=375D, 0 _2_0_2_9)_ ____________________________________________________
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

o

Dy:xl |\ xi° x x'
A 1 1 1

E |2 -1 0

o
o
(04

Given:

1 2
=3(21-r-r")

Do C>={1,i3} splitting

E _pE. _1
P0202—P p02—§(21—r r’

1
p- :PEplzz§ 21-r— r’

hly

Then ﬁnd nilpotent proportional to: P

or: 0212 =(7)(r— r’ —1i

so: P =PL =) (r?

+i2)

—r—i +i,)

. : E pE
gives equation for (?)-factor: P0212 'Plzoz

2 . .

\

p
+r

+r? | +1

P()ZZ()2 - (?)2 —r —1‘2
- | -,

\ +i, | +i;

+i3 +1 -r

-, -r* +l

P =1(2¢, ¢, +0)

(1+13) 6(21 r—r’

1

—i, —i, +2i,) axis e axis
(1—13) 6(21—1'—1' +Hi, +i, —2i;) if ro i, ( ro 4ri
:PEplzrp02 =P* %%- 1 | r +ri :% PEl 1 | r i,
\ —i3 | —Lr —lriy \ —i, | -, -r’
oy, = (" —r ‘_1__+_‘_2_?§‘f___‘ﬁ____‘_l_T_‘_z_)__
=é(2} —r—r’—i, —i, +2i,) .(°0 =1)( 0202(1)1+ . Oz(r)r+ )
(?)2-4%5 ---------

ng for (‘7) factor: (‘7) +v3/6 Gives all P£
0202(1) Poilz 3 (\/_ \/_ r’ \/§§i1 "'\/55 i)
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Irreducible nilpotent projectors Pty » S 13 """"""""""""""
Review of D3DC>~ C3,DC, Pn{lln = °G o (g)gi N
Dyiyl |\ %' 2| TS R
=41 1 1 1 Given: PE:%(ch—cr+O)
Z;E 2 -1 0 :%(21“’“'2)
Do C>={1,i3} splitting 1
Py.o, =P Py, =321 -1 =1")5(1+i) = g (21-r—r’ i, —i, +2iy) axis axis
Pl =P'p =121-r—r")j(1-iy)=§ Ql-r—r’+i +i, - 2i;) / i, ( e i,
Then find nilpotent proportional to: P, =PEp12rp02=PE %% 1 r i, =% Pl 1 | r i,
or: 0212—(?) (r—r’—i; +i,) \ —i3 | —r —lgriy \ —i, | =i, -r°:
S0 P(@zzpéoz:(?)*(l‘z—l‘—i1+i2)
gives equation for (?)-factor: Po,1, Pijo, =Po,g,= ()"(F" ~r— ‘_1__+_‘_2_?§f___‘:____‘_I_T_i_z.)__
(e, | AT R ._(59___é?_(__9_29_2_(_1?_1_+___Q_Qz_f’_’?_r_i__)_
I T A A G |
P(gozz(?)z- |- o+, - .@---Hl 2r —2r” - 2i, - 2i, +4i,) .
S R S T Solvmg for (‘7) factor: (‘7) +/3/6 GIV\G/_S all\/}’Ezanj_ DEf/o_i
BRI T e (2457305 202(1)iP02123( __________________ 2 h+7 h);
:|:DE1 (r) =\/§§,etc.
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+pf =l

+DE (r)

051, 3

0r15

(3

3
21'

B2

:\/jg,ez‘c.

NE

2

5

5 1,) Now, to set + signs of off-diagonal components...
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

o

Dy:xl |\ xi° x x'
A 1 1 1

Given: P"=1(2¢,-¢,+0)

E |2 -1 0

o
o
o =%(21—r—r2)

Do C>={1,i3} splitting

1
PoiOz:PEpOzzg(ﬂ—r r’)y(1+iy) = ¢ (21-r—r"—i, —i, +2i;)

p:.  =p*

11, (21 r—r? 5(1_1

(21 r—r? +1 +1 —21)

P,=3 =5

Then find nilpotent proportional to: P

IT (\/_ \/_ \/_ \/_
0212 —3
Make group space vectors:

P, )= @)= e )] i) iz +2is)
Ly, ) =5 0[1)] r)r” [ )+]1,) < 0l))

5 1,) Now to set £ signs...

r +rl3
1 r +ri,

r +l‘l3
1 ro+i,
o L] 2
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

Doyl | xi x' xf

Al 1 1 1 . . E 1
O‘_ Given: P"=5(2¢,—¢, +0)
- ) —1(21—r—r2)
o=F 2 =1 0 3

Do C>={1,i3} splitting

1
PoiOz:PEpOzzg(ﬂ—r r’)y(1+iy) = ¢ (21-r—r"—i, —i, +2i;)

p:.  =p*

11, (21 r—r?

5(1_1 (21 r—r’ +i, +i, — 2i,)

P1,=3 =5

Then find nilpotent proportional to: P

IT (\/_ \/_ \/_ \/_
0212 —3
Make group space vectors:

5 1,) Now to set £ signs...

P()Eo >: %/—(2‘1>—‘r>—‘r2>—|i1>—|i2>+2‘i3>) r Poi()2>: 2%/5(2
R, ) =20 e )i i)+ i) ofRly, )= do

. ( :
r Trl, r  +ri,

1 r +ri, :% Pl 1 |+,
_o _o _o ] o . 2

)-|r)-

r>+‘ r2>—

1)-
1)-

Do desired g=r transformation:
i) i) +2]i,))
i) +i;)+0is))
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

Doyl | xi x' xf

Al 1 1 1 . . E 1
O‘_ Given: P"=5(2¢,—¢, +0)
- ) —1(21—r—r2)
oa=F 2 =1 0 3

Do C>={1,i3} splitting

1
PoiOz:PEpOzzg(ﬂ—r r’)y(1+iy) = ¢ (21-r—r"—i, —i, +2i;)

p:.  =p*

11, (21 r—r?

5(1_1 (21 r—r’ +i, +i, — 2i,)

P1,=3 =5

Then find nilpotent proportional to: P

IT (\/_ \/_ \/_ \/_
0212 —3
Make group space vectors:

5 1,) Now to set £ signs...

Set up to find matrix of g=r transformation:

1)+2 r>—‘r2>— i)+ 20i,)-|iy)

r>+‘ r2>+ i))+0[i;)—| iy))

Eo\_1 .
rP0202>_2J§(

rlP”

— 1
1202>— > (=

1)+0

. ( :
r Trl, r  +ri,

1 r +ri, :% Pl 1 |+,
_o _o _o ] o . 2

Piyoy )= g G- e i) b+ 2D rjRig, = peln)-|r)-
P, >:%(0‘1>+‘ r>_“'2>_‘ iy)+iy)+0lis)) r| Py, >: 7 (0 r>+‘ r2>_

1)-
1)-

Do desired g=r transformation:
i) i) +2]i,))
i) +i;)+0is))
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

Dy:xl |\ xi° x x'
oa=A 1 1 1 . . E_1
Given: P"=3(2¢,—¢,+0)
o= —
oa=F 2 -1 0

Do C>={1,i3} splitting

E _pE. _1
P0202—P p02—§(21—r r’
E

P, = P12 3(21-

Then find nilpotent proportional to: P

lf (\/_ \/_ \/_ \/_
=3

0212

r— r

Make group space vectors:

PE

Eo\_1 ,
r P0202 >_ 2J§(
E |
r P1202 >: > (=

1>+2

1)+0

r>—‘r2>— i

r>+‘r2>+

1 2
=3(21-r-r")

(1+13) 6(21 r—r’

3)6

1 12 +213)

(21rr+1+1 -2iy)

5 1,) Now to set £ signs...

Py )= 5 5 @A) 1) i)+ 2fis)
150, > =3 (0]1)+] r>—‘ r2>—‘ ip)+iy) +0]is))

Set up to find matrix of g=r transformation:

)+2]iy )= |is))
i) +0]iy) | i)

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

E N1 m 1 11 1av L (c1ar 112 — Ty =
r|P >_2ﬁ(21111+2)2ﬁ( 1+2-1-1+2-1)=—1/2

r

0,0,

E
P
0,0,

E
P
150,

< 1202‘ ‘

-

0,0,

)-|r)-

r>+‘ r2>—

r 4‘rl3
1 r +ri,

1)-
1)-

r 4‘rl3
1 ro+i,
o L] 2

Ln o1 Lt 1
> F(O+1=1=1+140) Lo (42— 1-1+2-1) J3/2
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Irreducible nilpotent projectors Py, ,
Review of D3DC>~ C3,DC,

Dy:xl |\ xi° x x'
oa=A 1 1 1 . . E_1
Given: P"=3(2¢,—¢,+0)
o= —
oa=F 2 -1 0

Do C>={1,i3} splitting

E
PL =
0,0,

P: =

Ihly ~

Then find nilpotent proportional to: P

pE
0212

P12 3

—PEp02:%(21—r r

L(21-

1 2
=3(21-r-r")

(1+13) 6(21 r—r’ —i, —i, + 2i,)
r—r’ 5(1_13) 6(21 r—r’+i, +i, - 2i;) [ ro i ( roo+ri,
2=PEp12rp02 = pt %% 1 r +ri, :% PEl 1 | r i,
5 1,) Now, to set + signs... \ —i3 | —Lr —lriy \ —i; | -, —r?

(ff f L3
—3

Make group space vectors:

E
P
150,

E
r P
0,0,

E
r P
1505

>: 2%/5 (=

)= 3¢

1>+2

1)+0

r>—‘r2>— i

r>+‘r2>+

Py )= 5 5 @A) 1) i)+ 2fis)
)=2O1)+ )| )=[1,)4]iy)+0lis)

Set up to find matrix of g=r transformation:
)+2iy)-is))

i1>+0| i3>_| i3>)

The Do £ sign Was@

Do desired g=r transformation:

r P()Ez02>: L) e - ig) i) + 2y )
r P1§02>: 2O )+ 2 ){1)- )43, )+ ] )

r‘PE >:2lﬁ(2—1—1—1—1+2)-%(—1+0+1+1+0—1)

E
202‘ 120y 312
P1§02|r‘P1§02 = 50+ 1=1=1+1+0)3 (=1 + 0+ 1+1+0 - 1)=—1/2
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23, 2013

46



>

Irreducible nilpotent projectors P*,
Fundamental P"y, , definitions:

Review of D3;DC2~ C3,DC,
Calculating and Factoring P11,
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
P = il()1p,  +O)pp, +G)rp,  +G)rp, +(5)Ep, +(5)E,p,]
P/ = {[(D1p, +©0)pp; +()rp,  +EG)r,ps +GE)EP, +(5)F,p,]
P, = [(D1p,  +(-D-pp, +(O)rp, +©0)r,p, +(0)Fp,  +(0)F,p,]

] . T n _ T L _plh
Calculating: P, v\ P, =D/, (r )P =P"'p, rp,,
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
Pl =ilD1p,  +O)rpp, +G)Tp, +GHTR, +HEDEP,

Il
P3?34 = é[(l)-1p34 +(0)-p,P;, +('é)'r1ps4 +(—§)-I‘2p34 +(+§)-f'1p34
P02104 :é [(1)'11304 +('1)'pxpo4 +(0)-l’1p04 "'(())'rzpo4 "'(())'l~'1po4

S Y T T T _ ol
Calculating: P, v\ P, =D/, (r )P =P"'p, rp,,

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

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

+(0)-F,p, ]
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
Pl4Ti4 = é[(l)'lp14 +(0)'pxp14 +(+§)-r1p14 +(+§)-l’2p14 +('é)'l~'1p14 +('é)'l~°2p14]

P = [(D1p,, +O)ypp, +C)rp,  +()rp,  +E)EP, G EP,]
P, = [D1p,  +CD-pp,, +O)yrp, +O)r,p, +0)Fp,  +0)Fp,]

] . T n _ T L _plh
Calculating: P, v\ P, =D/, (r )P =P"'p, rp,,

r, r, i, R

1 I, r, i, R,

Then find nilpotent proportional to:p, r,p,, = —p, | &5 -, -R -,
+iIR_| +iiy, +iR +ir, +ir
—iR_ | —iR, —ii, —if, -if,

< X

50
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
Pl4Ti4 = é[(l)'lp14 +(0)'pxp14 +(+§)-r1p14 +(+§)-l’2p14 +('é)'l~'1p14 +('é)'l~°2p14]

P = [(D1p,, +O)ypp, +C)rp,  +()rp,  +E)EP, G EP,]
P, = [D1p,  +CD-pp,, +O)yrp, +O)r,p, +0)Fp,  +0)Fp,]

] . T n _ T L _plh
Calculating: P, v\ P, =D/, (r )P =P"'p, rp,,

r, r, i, R

1 I, r, i, R,

Then find nilpotent proportional to:p, r,p,, = —p, | &5 -, -R -,
+iIR_| +iiy, +iR +ir, +ir
—iR_ | —iR, —ii, —if, -if,

< X

51
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
P = il()1p,  +O)pp, +G)rp,  +G)rp, +(5)Ep, +(5)E,p,]
P/, = {[(D1p, +©0)pp;, +()rp,  +(G)r,p, (&) EP, +(5)F,p, ]
P, = [()1p,  +(CD-pp, +O)rp, +O)r,p, +O)Fp,  +(0)F,p,]

] . T n _ T L _plh
Calculating: P v P, =D\, (r )P =P"'p, rp,

r, r, i R,
1 I, r, i, R
Then find nilpotent proportional to:p, r\p, = —pP, | -z L —Ry -1,

+iIR_| +iiy, +iR +ir, +ir

~R_|—iR, —ii, -iF, -if,
=(r,+r,+i, +R))—(r, +r,+i, +R ) +i(f +F,+ R, +i;)—i(F, +F, + R +i;)

=nLp,—Lp,+irp,—inp,,
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
Pl4Ti4 = é[(l)'ll%4 +(0)'pxp14 +(+§)-r1p14 +(+§)-l’2p14 +('é)'l~'1p14 +('é)'l~'2p14]
P3T34 = é[(1)1p34 +(0)'PXP34 +('é)'r1p34 +('é)°r2p34 +(+é)'f‘1p34 +(+é)'l~.2p34]

P, = [D1p,  +CD-pp,, +O)yrp, +O)r,p, +0)Fp,  +0)Fp,]

] . T n _ T L _plh
Calculating: P v P, =D\, (r )P =P"'p, rp,

r, r, i R,
1 I, r, i, R
Then find nilpotent proportional to:p, r\p, = —pP, | -z L —Ry -1,

+iIR_| +iiy, +iR +ir, +ir

—iR_| =R~ —il; —ir, -ir,
=(r,+r,+i, +R))—(r, +r,+i, +R ) +i(f +F,+ R, +i;)—i(F, +F, + R +i;)
=TP,,~ 5P, TILP, ~iLP,,

Result 1s nicely factored:
P14Tg)4 = PTIP14r1p 0, (7 '(rlp 0, r,p 04+ if]p 0, ifzp 04)
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Irreducible nilpotent projectors Py, ,

Coset-factored Ti-sum.:
1)134 = é[(l)'lph +(O)'pxp14 +(+§)-r1p14 +(+§)-l‘2p14 +('é)'l~'1p14 +('é)'l~'2p14]
P3T34 = é[(1)1p34 +(0)'PXP34 +('é)'r1p34 +('é)°r2p34 +(+é)'f‘1p34 +(+§)'l~.2p34]
P0741104 :é [(1)'11304 +('1)'pxpo4 ""(0)'1'11)04 "‘(())'rzpo4 "'(O)'i:1p04 +(O)-l~‘2p04]
. pT T, _ T T, T
Calculating: P v P =D/ (r)Py =P'p, rp,

1,3,

r, -r, —ii, +iR,

1 I, -r, —ii, +iR,

Then find nilpotent proportional to:p, r\p; = —p. | —I;  +T, +iR , il
+R, | +ii, —iR, +F -,

—iR, | =R, +ii;, -F,  +F,

=(r,—r, —ii, +iR )+ (r, - r,—ii, +iR )+ (F, - F, — iR +ii;)+ (F, — F, — iR +iiy)
=Ip;+5,p;+Ep; +5,p;
Result 1s nicely factored:

T T ~ ~
1)14134 =P''p L, TPs,~ (7)(r,p 3, THP; TP TP 34)
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* Structure and applications of various subgroup chain ireps
02D D Cyy

OrDD3,DC3y
()h::)(jZV

<
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Ireps for ODD4DCy subgroup chain

o
YNy
>
R
>
Ry
R
Q0
P
7
<
K]

rt

ra

r3

ry=

I

2731)

1

I

R3

9"(R?)

D(R,)

\ ((b) Tensor T, Representation

;2_
—
—
T
i
e
KR e
et S —
KRS
TR
[SIISIRS)
w
'z
<
=]

AN

I ¢

xXyz

pxyz

=1

Y

xXyz

U
g

2=

=i

=

V2

r, =

Iy =

[ (a) Vector T} Representation

R} =

271)

P™(R}) =

iy =

DT(R,)
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Ireps for ODD4sDD; subgroup chain
\
R%= ry = ry = r,2= r22= grz(l)z R12= ry o= 5 Sy ’12= ’22= \
1 - ; : 5 == R = j PR 1 s ; 1 g -1 =l . ! EEEC
: Sty i g o . i o ekl ghe S o e -1 - | oy
. . —1] . —1 . . y . A | . -1 . | . . - .
D2 1 1 1 1 1
R} = ry = L S ry = ry = 2 (R = R} = Fy ™ Fg ™ ry= rg e
N S X 1 ; 2 MEX 1 . | -1 . -1 - . 1 . -1 1 . | R
T 1 ; > I 08 ey e (WP S ME~ 1 D P -1 S|
1 R | Ch S, | L i : 1 g . 1 S | S | | -1 . 1 .
BT(R) = iy = iy = iy = R} = R, = DR = ig= iy = iy = R} = R, =
AR | 3 =1 R | S =1 . | . I -1 . -1 - =1 AT PR | -1 g -1 :
R T e SEN B RUE i U G L Eip o f e =1
; 289 ! 1 R gt =1 1 . ¢ -1 . 1 -1 - | Gt -1 1 .
) 2(R3) = iy = R; = R} = ig = is = 2"(R3) = iy = R; = R; = igie is =
1 3 S ! ik . 1 1 : 1 : . 1 . A PR . -1 . 1 1 . 1 .
_] . . l . . . _l . . _] . 1 . . ___1 _l % ® l Y \ 3 —1 o 5 "l 3 ' . l N i _1
8 1 8 i | 1 : 1 P 1 ¢ it d P . | . . | | . -1 . . 1 . -1 .
T T,
Vector O T T T Tensor o milnlT
1 basis: D, | E E A, 2 basis: D, | E E B,
\ x)yJZ D, B, B, A, ) k yZ’“XZ’xy D, B, B, 4, J
25 R} = ry= ry= < e \
g T3 Loy 1% T3 10 /A
15 0 10 P LA T B 0 T2 D BT, 72
071 01 {3 $Boo—-1 LB g -3 -1
9T e 45 T ol T AT T RRC LT
DERY) R} = re= ry= ofe= ré=
ode k) sa s | fae Tensor r R
10 1.4p oo | EpRL 4D ol 50 2 2 2 2 O u — 1-4 xyz .
0 1 0 4 V3 1 Bo-1 -3 -1 =5 1 x2_|_ 2_222 -Xg g= ~ pxyz ~ 11—6
——2— TH 7 —2_— -2— 2 y) 2 y rl 4
2 2 \/3 - XyzZ
FERy) iy = i iz e " (jC iJ//) = 1 1 1 1 1
-1 3 =1/ 4B S A -1 -3 :u_ 1
1" 0 1 .20 f2% g PR o Aol ) et 2 A 1 1 1 1 1
- 0 -1 3 i R -3 1 -3 1 - _
gy i 7 e B gl O | E\| E 2
basis: D, | A B
PERD) iy = R, = R3 = i is = Dz A] A E 2 -1 2 O O
1
-1 3 L1l 9B —1. -3 2 ke[ _ _
1 400 1 0‘ R 0 s FoR O BoN: N ]—i 3 O 1 1 1
0 -1 0 =1 V3o R V3 1 -3 1
bl % s A L i T 3 0 -1 -1 1
\_ -/ 2
57
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2 = [13][24]

i, =[12]

(D 72(1)

58

R, = [1243]

TZ
BZ
0,

0

basis: D;
C2

ry = [143]
r3 = [243]

[14]

R, = [1234]

i

Tensor
W, UW, UV

i [124]
r? =[134]

~N

R; = [1423]

R} = [13][24]

_ g |mlgle ~ia : _VT _ _2
|
| _ [ g _ ﬁ_S SRS
o .aIA. ﬁ m. - ﬁ M
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o : & R S T L
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& G 2o e
g | lg|m
gy
. _ (SR K]
; e g LA
a2
e “
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o a2 | o | [ p 1_A_3 ﬁ oS ﬁ o
I I prye I
- o — K b X
pﬂTJﬁgs
e 7] clgfe T
(RS A ﬁ_ Zv 5
I S, ey 3f_3
] |
— — o =
% g Tl Becn ._L_zf__z 2 el e
r__L I ] | |™ o 0
- A . e o :
.,an" v _.VQ | e 1
o -
T 1 - | Beisw FlS _2W73 - len
| I : 8_3 | e
ﬁ_,o 5‘6 g4 B & * ¢’
ﬁ_z,. e ﬁ43 : I = ﬁ_G o f_3 — ﬁ
I [ 3 il [ _3 _3
T = 3
a ~ 3_ ﬁ T | ﬁ &
b i w_Tfo_T gw ol f0
el Tn el T TR
g [m Lt |m T e |
ﬁ_,o .._1_6 fu_o‘3 _ﬁ_—6 n o ﬁ_.d = ﬁ
glo Ylolaln o - E mm '
o = —
o Len - o —
PN ek T oTegle $e |1«
y N

Ireps for OO D3O Cr subgroup chain

a 27)

[1432]

R, = [1243]

R3

[143]

r? = [243]

r3

ﬁ_z Ll s B
7o o

3 =[1324]

s = [13]
—~1
E
-3

2
i, = [23]

R, = [1234]

iy = [14]

[132]
= [123]
-1
=
B
2
[14])[23]

p

1
e
5=

Vector
u,vw

r3 =[134]

ry = [124]
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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.
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Octahedral O and spin-OCU(2) rotation nomogram from Fig. 4.1.3-4 PruiesorSmmers, Dynanics ani Spectoscops
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Octahedral ODD4DC4 subgroup correlations
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O0rD0DDDOChDCoy subgroup splitting
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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.
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