Group Theory iIn Quantum Mechanics
Lecture 1 (1617

(Review of Lectures 15-16 with more detailed and rigorous derivations)

Projector algebra and Hamiltonian local-symmetry eigensolut

(Int.J.Mol.Scj14, 714(2013) p.755-774 , QTCA Unit 5 Ch. 15)
(PSDS - Ch. 4)

Review:Spectral resolution dD3; Center(Class algebra) and its subgroup splitting

Review:General formulae for spectral decompositiors @&amples)
Weypg-expansion in irep Ex(g) and projectord#ix
PHjk transforms right-and-left
PHjk -expansion ilg-operators

Detalils omitted from Lecture 15-16

DHik(g) orthogonality relations Class projector character formulae
P"in terms off g and! ¢4 in terms of P

Review:Details of Mock-Mach relativity-duality for {groups and representations
Lab-fixed(Extrinsic-Global) vs. Body-fixed (Intrinsic-Local)

Compare Global vs Loch)"-basis and Global vs Loc#PW"-basis

Review:Hamiltonian and Rgroup matrices in global and loc#PM"-basis
Hamiltonian local-symmetry eigensolution



* Review:Spectral resolution dD3; Center(Class algebra) and its subgroup splittil*
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PHik transforms right-and-left
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* Class projector character formu* And review of all-commuting class sums
P"in terms off g and! ¢4 in terms of P
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i|G Cg= 1 i|G h @h! 1 < C = i iIG C (Trivial assumption
|G |G OA)I 1
=— 1 h3! C,g'h
1O h=1l H=1 &
=1 c, =1 hgh'®
=1 ~iGha
- c Mo

Precise combination @lass-sums g.

G G n .
C= ng = | Cg —
g=1 g=1 I g



Class projector and character formulae

Review of all-commuting class sums (Recall Lagrange coset relations in Lect.14 p.14)
Total-G-transformatior$ nuchgh1 of g repeats its class-suhy an integer number g=iG/; of times.

- _
" hgh! 1= ing#g ,  \Where in, = % = order of g-self-symmetry group {n such tha ngn! 1:g}
h=1 | o
i G
Supposall-commuting operatoC = C,9 commutes with alh in groupG sohC=Ch or hCh'=C.
0=1

ThenC must be the following linear combinationaéass-sums .

i|G(: g= 1 i|G h @h! 1 < C —i iIGC (Trivial assumption
G iG %,

=— 1 h$! ng'h
1O h=1l H=1 &

= IIG Cgi i!G hgh'?
=1 ~iGha

= i!GC &"
o=1 JiG ¢

Precise combination @lass-sums g. (Simple B example)

_ 66 g C=8r1+8r?2
£ g!=1cgg - g!zlcg i =8(r'+r?)/2+8(r +r?)/2
=8(&)/2+8(&)/2

= 8&



General formulae for spectral decompositiors @xamples)
Weypg-expansion in irep Ex(g) and projector$#ix
PHik transforms right-and-left
PHjx -expansion irg-operators
D'(g) orthogonality relations

Class projector character formulae
* P"in terms off g and! 4 in terms ofP*(.

ng



PHin terms ofl 4

l g In terms of P



PHin terms ofl g )
(Whirep characterd W(g) given by trace definition? * (g) " Trace D¥ (9) = # D#]m(g)

m=1

l g In terms of P



PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # Drﬁ‘]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

m=1
aﬁirep projectorsvs.g

#  forunitary Df
# o«
/ Din(9)=Dign()

(=)
\xQOQOQOGG

\_

l g In terms of P



PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # Drﬁ‘]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

_!Al'l’ u !MOG!M o . "l
PH=1 Pt 1 Dmm(g)g=°(3!g

m=1 g m=1

m=1
aﬁirep projectorsvs.g

#  forunitary Df
# o«
/ Din(9)=Dign()

(=)
\xQOQOQOGG

\_

l g In terms of P



PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # Drﬁ‘]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

| | Y4eG 1 H I CT.

=1 Prnmig! L Didg)o- 5t (o)

" 1A H*} where: #H = #H — llhh$1
F)]H_cla$%!g€#9'9  YNAe #g_# (g)_# (g )

m=1

aﬁirep projectorsvs.g

\_

#  forunitary Df
# .
 Dhn(0)=Dlin(9")

(=)
\xQOQOQOGG

l g In terms of P



PHin terms ofl g

| M
(Whirep characterd ®W(g) given by trace definition? * (g) " Trace D¥ (9) = # D#]m(g)
m=1
(W™ all-commuting class projectaiven by sum@“:Pﬁ+ P +..+ PFL , aﬁirep prc()j)e((:;torsvs.g
I~ | (1) | *
I:)mn_?! D"s;n(g)g
P g AT e ()2 1 (g)g O
= =—1 = ! |
m1 gml Gy #  for unitary DX 2
| H # * &
— v gl oM — gl () = #H $1 H —DH (g1
[ e G !gj  vhere #4 = #¥(g) = #(ngh®) ! Di(0)=Dhm(07") &
\_ /
| g In terms of P -—
Find all-commuting clasd g4 in terms ofP* giveng vs.irep projeCtOFSPﬂﬁ‘n {g:! L D#n(g) P#nJ
g m n




PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # Drﬁ‘]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

| K | 4G M | 4 °G
IJE):u:I PM = : I I H = i I *
me1 MM G g e mm(g)g °G 4 (g)g
| H
= —#1 |, vhae # =#"(g)=#" (h h$1)
[ cla$e$!giG ? gj J (g) :

m=1

aﬁirep projectorsvs.g

#
#
#

\_

for unitary DA

*

ot (0)= o)

(=)
\xQOQOQO%

l g In terms of P

Find all-commuting clasd 4 in terms ofP" giveng vs.irep projectorspnﬁ‘n

D#n(! g) commutes with D#n(pélr)z "

12}

mp nr

forall pandr :

L

LHTH

=1 1 1 DX (g}

U m n

%J




PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # D#]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

U LRk

PM=1 p¢ - 1 D¥ -y M
me1 MM G g e mm(g)g °G 4 (g)g
| M
= —#1 |, vhae # =#"(g)=#" (h h$1)
[ classes! iG ¢ gj J (g) 9

m=1

oﬁirep projectorsvs.g

#
#
#

\_

for unitary DA

*

ot (0)= o)

(=)
\\QOQOQO%

Find all-commuting clasd 4 in terms ofP" giveng vs.irep projectorspnﬁ‘n

D#n(! g) commutes with D#n(pgr): woow

! U

b=1

| ng(! g)Dlglc(Pélr): '

l g In terms of P

| 4

DH (
d=1 ad

U
Pp

r

mp nr forall pandr :

Jok(t )

L

LHTH

— u
0 OmlO)

p@




PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # D#]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

N [ weg it I CT.
PH=1 Pt =—1 | Dr‘]‘qm(g)g= . (g)g
m=1 g m=1 G g
| H
= " —#"1 |, vhee #=#(g)=#" (h h$1)
[ classes! iG 9 g] 0 (g) °

m=1

oﬁirep projectorsvs.g

#  forunitary Df

# o«
# Dh(0) = Dli(9')

\_

(=)
\\QOQOQO%

| g In terms of P
Find all-commuting clasd 4 in terms ofP" giveng vs.irep projectorspnﬁ‘n

DA (!,
I X

' DA (!,) Dk

12}

mp nr

ng (Pgr) Délc (! g)

) commutes with DA (Pg‘r) ="
u

|
P“):i
P

forall pandr :

b=1

| H | H

# Dl,l (! ) " " — # " T} Dl,l (! )
h=1 ab\" g bp cr 4=1 ap dr dc\" ¢

|HH
- u
=1 | | DX
g m n

(9)

L

pH

mn

J




PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # D#]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

m=1

oﬁirep projectorsvs.g

o e y |4 oG M u*( ) |4 °G *( )
=1 P =—1 1 D 10)g=—! g)g |
m1 gml Gy #  for unitary DX 2
| H # * &
— v g o #H = gH (o) = #H $1 H —pH [o']
[ = |g]  vhere #4 = #¥(g) = #(ngh®) { Dl (0)=Dlim(0"7) &
g - y
| g In terms of P -—
Find all-commuting clasd g4 in terms ofP* giveng vs.irep projeCtOFSPﬂﬁ‘n {g :!u 'm .!n D#n(g) pit

) commutes with DA (Pg‘r) ="

| 4

D#n(! . forall pandr :

! U

mp nr

: D“(! )D“(P“):‘- DH (P“)D“(! )

=1 ab\" g/ ~bc\" pr 4=1 ad\ pr] ~dc\' g

| H | H

FOA(1) e = # e D[

h=1 ab\" g bp cr 4=1 ap dr dc\" g
Dgp(! g) ’cr = ”ap D#:(! g)




PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # D#]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

| Y | U e 1 U

m=1 g m=1

o e vhere: #H = #H(g) = ##(hgh®!
_cla%!gi_G 99 ’ e g - (g)_ ( g )

m=1
oﬁirep projectorsvs.g

#  forunitary Df 2
# o o« &
o
')

# Dh(0) = Dli(9')

-
l g In terms of P -——
Find all-commuting clasd 4 in terms ofP" giveng vs.irep projeCtOFSPﬂﬁ‘n {g:! L D#n(g) P#nJ
g m n
D#n(! g) commutes with Drﬁn(Pé‘r)= "rp nr forall pandr :
| H | H
ot e[} Lol ol
=1 ab\" g/ ~bc\" pr 4=1 ad\ pr] ~dc\' g
| H | H
FDA(1) " = F "we DE[1)
h=1 ab\" g bp cr 4=1 ap dr dc\" g
Dg‘p(! g) "y = " Dr‘c‘:(! g) So: Dr'Lrlm(! g) is multiple of ! ¥-by-1 ¥ unit matrix:
K H
i ( 9)_" i g7

l’l — T
Dmn(! g)_ mn | H -



PHin terms ofl g

| M

(Wthirep characterd W(g) given by trace definition? “(g) " Trace D“(g) = # D#]m(g)

(W™ all-commuting class projectaiven by sunP'=pt + L + ..+ pH

LHIH

| Y | U e 1 U

m=1 g m=1

o e vhere: #H = #H(g) = ##(hgh®!
_cla%!gi_G 99 ’ e 9 - (g)_ ( g )

m=1
oﬁirep projectorsvs.g

#  forunitary Df 2
# o o« &
o
')

# Dh(0) = Dli(9')

-
l g In terms of P -——
Find all-commuting clasd 4 in terms ofP" giveng vs.irep projeCtOFSPﬂﬁ‘n {g:! L D#n(g) P#nJ
g m n
D#n(! g) commutes with Drﬁn(Pg‘r)= "rp nr forall pandr :
| H | H
o610t ool
=1 ab\" g/ ~bc\" pr 4=1 ad\ pr] ~dc\' g
| H | H
FOA(1) e = "ara DE()
h=1 ab\" g bp cr 4=1 ap dr dc\" g
Dg‘p(! g) "y = " Dr‘c‘:(! g) So: Drl;lm(! g) is multiple of ! ¥-by-1 ¥ unit matrix:
u ) | pl
Dk (I ):" 7 ('9 _n g
m\* g mn | H m




* Detalls of Mock-Mach relativity-duality for {groups and representation
Lab-fixed(Extrinsic-Global) vs. Body-fixed (Intrinsic-Local)

Compare Global vs Loch)"-basis and Global vs Loc#PW"-basis

>3

ng



Detalls of Mock-Mach relativity-duality for {groups and representations

OGive me a place to stand...
and | will move the EarthO
Archimedes 287-212 B.C.E

I deaS Of dual I'[y/I’el at|V|ty gO Way baCk (...VanVleck, Casimir..., Mach, Newton, Archimedes...)

Lab-fixed(Extrinsic-Global)R,S.,.vs.Body-fixed (Intrinsic-Local)R S..

Lab Based Operations i z-Crank docs Body Based Operations
| al R,S
= R(000) or R(00y) y =y

commute with

| \ OMock-MachO
relativity principles

X\ ‘
\ & R|1=RY1!
[ SU=SHL

= | R(-a00) orR(00-y)

R(0BO)

...for one state |1) only!

...But how do you actually make the R and R operations?



Details of RELATIVITY-DUALITY for D, r2

i Iy | (-120j) or (240j
D, defined ri®




Details of RELATIVITY-DUALITY for D,

i)
D, defined I“}

(-120j) or (240

r2

1I

wave packet m

with lab axesfi

i

1=r|1!=|r!

|r!\""

P
)
N
1 1
1
\
4

(After i7i5)



Details of RELATIVITY-DUALITY for D, r2 . D3 Ll il@ig

i Y (-120}) or (240; 11 2
! : 1 ré|iq iq i
: |r!33 : 31112
D-defined r2r 1 liyigig

i) ]ina in|1(r)r2
(ip]is iz 2@
i3 B |1|3r1r
in [iniqa|r 41

3|21

U=r|U=|r! i,

wave packet m<} Ir !\ T
ed

with lab axes fi

1I

(After i7i5)

i1i2:r



Details of RELATIVITY-DUALITY for D, r2 . D3 Ll il@ig

i Y (-120}) or (240; 11 2
! : 1 ré|iq iq i
: |r!33 : 31112
D-defined r2r 1 liyigig

1=r|1!=|r!

wavepacketm% _ (After iqi9)
with lab axes fixed o~

1I

i1i2:r



Details of RELATIVITY-DUALITY for D 2 . | |
o 3(—120'ror 240 11 D3 O L BADE
| |r!3||3' i 11 2ligig i
E)C-;\lje\c\llér;\?g 2 lr 1 Iy 13 14
r2 ' . i3 |isiq|r 131
L ab-fixed (EXtI’InSI C—Global) operations& axesflxed r
Lio=r|L=lr! Y
wave packet m ter 111
wﬂhlgbaliee;fl(%ed a)— ( 12)
I3
I
Body-fixed (I ntrl nsic-Local) operations appear
to move their rotation axes (relative to lab) iqio=T

Vo (After Ty)

- 111=li.l
H[LI=]i5!

wave packet fix
while lab axes move




Details of RELATIVITY-DUALITY for D 2 . | |
o 3(—120'ror 240 11 D3 O L BADE
| |r!3||3' i 11 2ligig i
::Z)C-é;je\i\llér;\?g 2 lr 1 Iy 13 14
r2 ' . i3 |isiq|r 131
L ab-fixed (Extr|n3| c—GIobaI) operations& axesflxed r
Lio=r|L=lr! Y
wave packet m ter 111
wﬂhlgbalie;fl(}ed a)— ( 12)
I3
I
Body-fixed (I ntrl nsic-Local) operations appear
to move their rotation axes (relative to lab) iqio=T

Vo (After Ty)

= liAl
|1 =15t

wave packet fix
while lab axes move

(veiwed in /
lab frame)




Details of RELATIVITY-DUALITY for D, r2 . D3

i Y (-1207) or (240; 11
1\ A ma |
. defined P

local-wave ; | X i
bases i
11! i
; |/r2' '1 &
L ab-fixed (Extr|n3| C—Global) operations& axesflxed r
N AR E IR -
(After i) wave packet m(}
with lab axes fixed

4
Body-fixed (I ntrl nsic-Local) operations appear
to move their rotation axes (relative to lab)

Vo (After Ty)

Io|1=|i,!

wave packet fixed, ¥
while lab axes move

wave packet fix 13
X whilelab axes move )

After T]_Tz
(veiwed in /
lab frame)

i1i2:r




Details of RELATIVITY-DUALITY for D r2

o]
D, defined I“}

1I

Body-fixed (I ntrl nsic-Local) operations appear
to move their rotation axes (relative to lab)

Vo (After Ty)

- 111=li.l
H[LI=]i5!

wave packet fix
while lab axes move

wave packet fix

(veiwed in /
lab frame)

X whilelab axes move

Y >(-1201) of (240; 11 D3 1 |r? riy(p)is

ro|1 r2ligiq iy
r r 1 Iy I3 19

: L 2
|3 Iy |19 13T 1(r
in [iniq|r 41
31'2'1
I
L= |L=|r! Ly i
Wavepacketm(} 1\ 5 (After 17i2)
with lab axes fixed o~

..but, THEY OBEY THE N
SAME GROUP TABLE. 1ip =

implies:

/ I1I2 =T
LU=, fi)=r |1

After T]_Tz



Details of RELATIVITY-DUALITY for D,

2 . | |
.Y (—120'ror 240; 11 D3 1|2 '1@'3
I|I ! - ro |1 r2liqiq |
D, defined rip 2Lz
2 |r 1 Iy 13 14
L(;(;aelswave i3 | X i (iD i3 i 1@r2
|I1! / i i3 o |11 13 2 1 r
rér 1 i3 |isiq|r 131
L ab-fixed (Extr|n3| C—Global) operations& axesflxed r
L|=r|1!=|r! |
1 wave packet m (After iqi2)
wﬂhlabaxesfl(}ed
I3
I
Body-fixed (Intrmsuc—LocaI) operations appear ..but, THEY OBEY THE
to move their rotation axes (relative to lab) SAME GROUP TABLE. 1115 =
Vo (After Ty) | mpI ! eS:
- _ ...and Mock-Mach principlg!1"=g11" i1
=it LI, [ L=
e ), [1o[2Y=14 fio!=r [1=r2]1}

wave packet fix

(veiwed in /
lab frame)

X whilelab axes move

After T]_Tz
(veiwed in
lab frame)




Detalls of Mock-Mach relativity-duality for {groups and representations

>

Lab-fixed(Extrinsic-Global) vs. Body-fixed (Intrinsic-Local)
Compare Global vs Loch]'-basis and Global vs Loc#P®"-basi

€

ng



Compare Global vs Locdd)'-basis vs. Global vs Loc#P®"-basis

D3 global

group
product
table

i1 i2 (I3

1 r2® il i2

Ip (I3 1y

i2

1 r r?
21 r
rr2 1

Change Gl obd to Local by switching
...column-g with column-g
...ahd row-g with row-g

D3 local

group
table

1 |r

=
|

Just switch r withr =r2, |(@l othersare

self-conjugate)

S

W W

r2

iy iy (I3

1 r
rz 1

i (3 iy
iy i,

3

2 (3
iy 1y

|1 |9

1 r r2
r2 1 r

rre 1




Compare Global vs Locdd)'-basis vs. Global vs Loc#P®"-basis

D3 global
group
product
table

i1 i2 (i3

I3 I I
i2® i]_

i2

1 r r?
21 1
rr2 1

Dj global

projector
product
table

Ds R POV IR PS PGk PG
O
PAEX v R|<Ex RI<Ey .
| - | PP -
Ay |- - PG
Al R
Pég‘)gld(”)— l mn|bC F;:l(dm)

Change Global to Local by switching
...column-P with column-P
...and row-P with row-P

Just switch r withr =r2.

D3 local

group
table

N

www

Il

r2

iy 1 (I3

(all othersare
self-conjugate)

1 r
r2 1

i (3 iy
Iy Iy 1

=i
=i,
g |y

iy (o)
@'2

1 r r2
2 1 r

rr2 1

(Just switch P5 withpE=Pg )

¥Y.
PP IS Pa RS PS
Py -
'3@2 - Py S LSS
Px| " " Px 9 Py ©
RI<Ey om0 P$|<Ex 0 PXEy
RE B P;I/Ex 0 P;,Ey 0
Pyl " " 10 E; 0 P{/Ey
PMPM=1m  Pp(m)

cd ad
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Example of RELATIVITY-DUALITY for D,~C,,

Compare Global vs Locad)"-basis

To represent external {..T,U,V,... }switch g “~g on top of group table

RE(D

)=

R (I

RS ()
T X At A A Y 17 I N Y A A (7S AN Y A A A (/7

Re()

RG(iz):

AP BB PR

1& #

e

A H $¢,¢ HAH A
....... 3

— — — 1 —

—_ — o = =
Y e |
.

— — — — —

= AH $¢,¢ HH HH
S, ... 3
— — — — — 1
—_ = = o= o =
_ — = e = =
e
S —
— — = — — =
= AR ARAH AR A




To represent external {..T,U,V,... }switch_g _“°g ontop of group table

Example of RELATIVITY-DUALITY for D,~C,,

Compare Global vs Locad)"-basis

L Ay @ M.uzr o |(© .o
el I B R I o | V| (@
ﬂ#l NI AN | o

= e
;nm n o —. _. !@! _.
o _./\UO —_ e . _
- o, _. _ _. _. _
m o "o$$$$$$m@
([@)) V.-I.. = = 3
r_m - = = = = —.
. % s e
o . "D _./I\\A/_! T T T
—~ - n.Wn —_ — = o] = =
W = & . @) T H B A FeRE
V = T = =T Wu ®)) Wo.- .I.-,l.. —_ olu
o e b o -
STIIIT y LITIIC
; —_ = = = = MV _.(\DI_ . e
' - e — . -+
>y = FABASBE R == T HHB S FAFE
W = =T =T Wu M VO.-I.. .I.-; gy .O|u
U — __V_. ~— e -
S o= _w nm _. . . . q =
e W._ = _V” ?_H)/r\ o m e - =
— = = = = —. —
Tooo - s = B &
I - 5 1= = SO LD BOT
N 3 o) . D S %)
{ — — — — 1 —
e [ p— m Y= I —_ o = o] =
e e e s | r__” w m \__/ U |
o = = — o — = = _ e .
= — & w H ¢ i
B - - e —_ — — —.
L FPPeaRHE - 7\U./ o += A AR HDHNTE
- = =T = =T — — ..Ql.b N— V.-I. — = = m
—_ . — = o = = 2 R —_ o e o o —
o - - wDVu,mVJ w L
a — — - - = - E C O m o _m S
ﬁmul.ll.lll. RAC._m _m A.Wnl.,,l_l.l.ll
T G BH G A = I T



Compare GlobalPW"-basis vs LocalPW"-basis

Matrix CPlaceholdersO r for GLOBAL g operatorsin D
g = Qéi(g)PAl ¥ [%(g)PA * [&X(Q)Pxx * [fy(g)ny * Q,X(g) Pyx + q,y(g) Pyy

@i(g)'!!!!.% !!!!!% L P T O 7 R O A N A O I 7 g;-.'!!!%
%iq.yD'ED' SRS TR LSS P S R S S s ST IR,
: xx Uxy * 0 _ L ! et S U P I ' :
%!!DyXDyyl.@Xﬂsl! .!|Q/y$....!|+|3<x$|!!!!.Q<y$.!!g!|q/x$|!1|||+ ol
%ggguDXXDX)', $o0orn $rorr. Lot $trrrfra $orror|r $t T T[T
§||||DyXDy}& R ﬁ!!!!--;‘ %!!!!!!& Boooalre Bt B ik



Compare GlobalPW"-basis vs LocalPW"-basis

Matrix CPlaceholdersO el for GLOBAL ¢ operatorsin Dy

A, PA 1 LA PA ) P ) )P ) P . ()P
4 = Dol ,9) QO((Q) XX Q(y(g Xy Q,X(g) yX Q@ LYy

$Q<>%()2’!!!,% !!!!!% O T 7 S O R O R S SO NI R ORI/ S PO U R I B g;-!ll!!%
$'Q/y!E!!!: S %'!!!!: %!-!ll!. %l-i!!ﬂ %!-!!!!Z AN
%! ! DXXny oo At oA L B 1 11 L ES Ll 11 POES Ly Eg t[r o] or
$1 Dnyyy !:_ X%; | T I%/y$| | o I+Q(X$I RIEIEE Q<y$| v I:%/X$| Ll o %%I clro1lr o
%gu;gEXny $1 o1 L R E LT 1T 1 IR LT T[T
ﬁl'!!Dnyy)I& ﬁ!!!!--;‘ ﬁ!!!!--;‘ ﬁlllll!& ﬁllil!!& ﬁlil!l!& ﬁ!!!!!l&

...for LOCAL operators in Dy

A A E E =
_— A, =M1 A, =2 E = E 3 E
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gg | Dyx! Dyy" S T o [ e [ I I R ST
S, ' Dyx 1 Dyg ﬁH!!-ﬂ %!!!-; %!!!-} %! | 1& %!!1a@ B



Compare | GIobaIP(“)"-baS|s vs LocalPW"-basis
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§;Q¥D§X[5Xy. !E_Algi;”i!' A2$i?!ii: Sy eSO e S e £ ST
$1 ! DD, L 1 X3 D YR +Q<x$||||||+Q(y ll!!l+q'><§ll1'l!:+ Y3 |l
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¢! 1 Dyxr Dy 1o $1 11 A LT Lo $ [Ty $ [T
ﬁ!l!Dyx)!/yDyy'& ﬁ!!!!--;‘ ﬁ!!!!--;‘ ﬁ!!!!--;‘ ﬁ!!--!!& B 1a e %!!!!gl
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33) ”
1B G

IPW"-basis are projected bt = 'i—G'! D#n(g) g=Pt acting on origindl'ket
g



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary DV: (p.33

P 'y (p' | H WG i H - irAl A

IPW"-basis are projected bf: = |_G ! Dmn(g) g=P acting on origindl'ketgive:
g

om

)= Pl e



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (1) 5 *
IPW"-basis are projected bt = '_—G'! D#n(g) g=Pt acting on origindl'ketgive:
15 g
(H) G *
H\_ pH r_ ! !
‘ mn>_ Prm‘1>norm B |G | norm g Dmn (g)‘g>



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (1) GG *
IPW"-basis are projected bt = '__G'! D#n(g) g=PH acting on origindl'ketgive:
1~ g
| (1) G *
H \— pH 1 . W U . L
‘ mn>_ Prm‘1>norm B G nom Dmn(g)‘g> subject to normalization:
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U >_ <1‘ Prf!lin!P#n 1>
m norm
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min!



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (1) GG *
IPW"-basis are projected bt = '__G'! D#n(g) g=PH acting on origindl'ketgive:
I~ g
| (1) G *
H \— pH 1 ! W U : L
‘ mn>_ Prm‘1>norm B G nom Dmn(g)‘g> subject to normalization:

- 2 mim 2

M >_ <1‘ P#!!m!P#h‘l> — n Uln <1‘ I:)rf!ln 1>
m norm norm
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (1) GG *
IPW"-basis are projected bt = '__G'! D#n(g) g=PH acting on origindl'ketgive:
I~ g
| (1) G *
H \— pH 1 ! W U : L
‘ mn>_ Prm‘1>norm ~ G lnom : Dmn(g)‘g> subject to normalization:

/’r:]n>:< Prl{lllrmpu ‘ >: a IJ!M"mlm <1‘ nin >: n 1o o where: norm = \/1‘ >:\/E
' 2 mim nin

norm norm

u!
min!



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary DV: (p.33) .
110G

IPW"-basis are projected bp* = '__G'! DX (g)g =P~ acting on origindl'ketgive:
I~ g
| (1) G *
U — DM 1 _ . I" u _ _ . .
‘ mn>_ Prm‘1>norm B G nom Dmn(g)‘g> subject to normalization:

m >_ <1‘ P#HP#“M = HiHn <l‘ Pin 1> TR where: norm = \/<1‘P“ ‘1> = [
mn nn

B mim mim nin _
nom’ norm? G
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min!

Left-action ofglobalg on irep-keli ffm>

J )= 3 Dl (9)] 1)



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary DV: (p.33) .
110G

IPW"-basis are projected bp* = '__G'! DX (g)g =P~ acting on origindl'ketgive:
I~ g
| (1) G *
U — DM 1 _ . I" u _ _ . .
‘ mn>_ Prm‘1>norm B G nom Dmn(g)‘g> subject to normalization:

m >_ <1‘ P#%!P#h‘w = " ok <1‘ P 1> TR where: norm = \/<1‘Pu ‘1> = [
mn nn

- - ! 2 mm nin G

2 mim
Nnom norm

u!
min!

Left-action ofglobal g on irep-keli f,‘m>
| 4
0| )= 3 Dhin(9) i)
Matrix is same as given on p.23-28

(|| )= DEin( )

9



Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33) ”
1B G

IPW"-basis are projected bt = '_—G'! D#n(g) g=Pt acting on origindl'ketgive:
15 g
g(IJ) i G

5n>: Pn‘jn‘1>noim S TeTm— g Dnﬁ‘:l (¢)]g)  subject to normalization:

<u! m >: <1‘ P#HP#“m = v Hfh <1‘ Poin 1> = Hin = where: norm:\/<1‘ Pt 1> =\/E
min!l | mn o iG

norm2 mim normz mim nin
Left-action ofglobal g on irep-keli ffm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different
I H

d| rm )= 2 Dryml9)| n a4 V=g iG

‘mn> oot mfm( )‘ m(n> 9 mn>_ ngn 1> ;(u) Use
Matrix is same as given on p.23-28 _pigl1) [© MocieMach

TRy u e () and
<m!n g mn>: Dm!m(g)




Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (1) GG *
IPW"-basis are projected bt = '_—G'! D#n(g) g=Pt acting on origindl'ketgive:
15 g
| (1) ‘G *
0 \_ pu 1 _ S . T
‘ mn>— Ph ) — = G o DX (g)|g) subject to normalization:
U pu U (1)
min!|{ mn 2 mim 2 mim nin nn G
norm norm |
Left-action ofglobalg on irep-keli ffm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different
|4
U \—% M U -
=S DZ (g S H \=5 iG
i Sotnlol) fa-wtinfs
FONE - _ 5 Mock-Mach
Matrix Is same as given on p.23-28 _ P#n§‘1> G commutatior

(1) = and

#m>: D#!m(g) _ P#ng! 1‘1>\%: inverse

<ﬁ!n 9




Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (1) GG *
IPW"-basis are projected bt = '_—G'! D#n(g) g=Pt acting on origindl' ketgive:
15 g
u \_ o R N e o ivation
‘ mn>— Ph ) — = G o DX (g)|g) subject to normalization:
U pu U (1)
min!| mn 2 mim 2 mim nin nn G
norm norm |
Left-action ofglobalg on irep-keli ffm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different
| H
H \—§ pH U B B .
)= 3 Oftm(0) o g4, )= 0Pl 1),
. Use
T - _ 5 Mock-Mach
Matrix Is same as given on p.23-28 _Pg 1> G commutatior

...... computey? right action - ----------------.._ mn <
y S e |(M) and
2 IR '

erlln>: Drl;lwlm(g) u / 11 u U U 11 _ bl 1 1 IG P inverse |
Pmd = # # PP Dre(977) = P9 ‘1> e
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

| (M) G *
IPW"-basis are projected bt = '_—G'! D#n(g) g=Pt acting on origindl'ketgive:
G g
1 |0 G . L
l“l — l’l — ) n l“l .
‘mn> PhY)— G o DX (g)|g) subject to normalization:
H pH u | (1)
min!| mn 2 mim 2 mim nin nn G
norm norm l
Left-action ofglobal g on irep-keli ffm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different
I H
0] )= 3 Dbirn(9)] 1) o, )= opi 1) [
m e (e 1 () Use
Matrix is same as given on p.23-28 14\ [fc Mock-Mach
J P ----- computey? right action -~ = P#ng 1> R commutatior
<ﬁ!n 9 erlln>: Drl;:!m(g) U 11 LK U pUu U N —/J 1 1 | iG < in?/gfse
P = %% PP D (9 | = PRig 1)
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

' 1) -
For unitary D¥: (p.33) N R f igindl' ketqi
acting on origind!' ketgive:

IPW"-basis are projected bpH = .i_GI! D#n(g) 9 =P
g

1 | (1) i G * . . .
u — l‘l — i " l“l .
‘mn> PhY)— G o DX (g)|g) subject to normalization:

i )= PPN i WPRD e o e momm= (I BE[T) = L2

pto
min! Im 2 mim nin

- 2 m
NOoIm Nnorm

Left-action ofglobalg on irep-keli ,’fm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different

|4
v\= 5 pH T -
g‘ rm>_ ) Drrfm(g)‘ rﬂn> g‘ U >: QPIJ 1> iG
™ e e Use
Matrix is same as given on p.23-28 _prugl) [ Mock-Mach
----- computeg? right action --------------.c...__ = 'ms > ) commudtatlor
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary D¥: (p.33)

IPW"-basis are projected bpH = .i_Gl! D#n(g) 9 =P
g

1 | (1) i G * . . .
u — l‘l — i " l“l .
‘mn> PhY)— G o DX (g)|g) subject to normalization:

2 mim 2 mim nin
norm norm

<u! T
min!

Left-action ofglobalg on irep-keli ffm>

AR UPhPAY) e WPED e v rere e S =

| (1) GG * _ o :
acting on origind!l'ketgive:

| (1)

Left-action oflocal g on irep—ke* ,ﬁfm> IS quite different

|4
o \= 5 pH T -
g‘ rm>_ ) Drrfm(g)‘ rﬂn> g‘ U >: QPIJ 1> iG
™ m i | (H) Use
Matrix is same as given on p.23-28 _prugl) [ Mock-Mach
----- computeg® right action--------------.....__ = 'ms > ) commudtatlor
T . an
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

' 1) -
For unitary D¥: (p.33) N R f igindl' ketqi
acting on origind!' ketgive:

IPW"-basis are projected bpH = .i_GI! D#n(g) 9 =P
g

1 | (1) i G * . . .
u — l‘l — i " l“l .
‘mn> PhY)— G o DX (g)|g) subject to normalization:

i )= PPN i WPRD e o e momm= (I BE[T) = L2

<u! T
min! 2 mim 2 mim nin
norm norm

Left-action ofglobalg on irep-keli ,’fm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different

I H
g‘ #n>: > D#fm(g)‘ erlfn> g‘ H >: gp/J 1> iG
m mn mn | (K) Use
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Hamiltonian and Bglobal-g andlocalg group matrices inPW"-basis

For unitary DW: (p.33) »
1 (G »
IPW"-basis are projected bk = '_—G'! D#n(g) g=PH acting on origindl'ketgive:
I~ g
| (H) G *
U — pU 1 _ . |" U . . . ]
‘ mn>_ Prm‘1>norm B G nom Dmn(g)‘g> subject to normalization:
hnP h (H)
<M! g >: <1‘ Pn!m!Pnh‘1> = " K <l‘ Poin 1> T TR where: norm = \/<1‘Pu ‘1> _ 17
min! [ mn 2 mim 2 mim nln nn ve
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Left-action ofglobal g on irep-keli ffm> Left-action oflocal § on irep—ke* ,ﬁ‘m> is quite different

I H
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m mn mn (1) Use
Matrix is same as given on p.23-28 1\ [fc Mock-Mach
J P ----- computey? right action - =P#ng 1> 0 < commutatior
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D3 global-g group matrices inP®"-basis D3 local-g group matrices inP®"-basis

R"(0)=TRO(g)T =
) RY) PR [RR) [P [P

'$ D(g)| ! | ! ! !

3 .

5! D®(g)) t t| ' ' pWpase

Ep By ' :

% | I | Dy (9) D ! ' ordering to
s oy o] . Loncentrate
$ - —  globalg

3 | 1 | Dg(9) Dy« D-matrices
$ E; B .

i | | | || Dy, (g) D,, o

Global g-matrix component Local g-matrix componen
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min
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D3 global-g group matrices inP®"-basis

R”(g)=TR®(g)T

Pa) [P IPR) PR PR [P
;;DAl(g) ! | ! ! N
% | D%2(g)| ! ! ! !
$

P [t o]
P emgon|

% | | | | Dxlil(g) D,
$

i | | | | D;Xl(g) Dyil o

IP(W"-base
ordering to

< concentrate

Global g-matrix component

<u
min

9| )

:D/”l

mim

(9)

globalg
D-matrices

D3 local-g group matrices inP®"-basis

R"()-TR(g)T" -

Pa) )R PR JRS) PR
[ D""(g)
p*"(g) . .
o (o) - |ogfe)
- o (| - o) (o
o, (o) - |by(e)
> (o) 0,7 (9)

here

Local g-matrix
IS not concentrated

Local g-matrix componen

(4]g &)= Dy (6™ = DX (0)




D3 global-g group matrices inP®"-basis

R”(g)=TR®(g)T

D3 local-g group matrices inP®"-basis

R"(g)-TR(g)T" -

PR Ry PR [PR) PR) PR ) s PR R )R
oty [ | 0Ny
$ ! *
% | D%2(g)| ! ! ! ' pM"-pase D% (g) E-* E-*
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A A E E E E _
PE)RR) PR R PR PR Local g-matrix
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Global g-matrix component Local g-matrix componen
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D3 global-g group matrices inP®"-basis

R”(0)-TR(g)7" -

2 o) o) ) )
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E E
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XX Xy
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Global g-matrix component
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min
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)

D3 local-g group matrices inP®"-basis
R"(g)=TR®(9)T =
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DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in !
" - # "o
lg"-basis: o
g
OG #r
(H)G: ' 4 O=H# b
# D
#i
3

—
N

"PRo Ro Ro Ro Ro Ro Ro o o

H matrix in
IPW"-hasis:



DsHamiltonianlocal- H matrices inlPW"-basis

AEI. El El El El
Px) [Py) [P)IPy) [RW)IPy)
H matrix in T H matrix in W
| . o N h L L ()" .
lg"-basis: N IPW"-basis: g . .
n " B I I o o
°G v o1, o, 0, I ' ' xx xy
_ 2 N o h 3 4 — -
H) =Srgo-= H) =T(H).T = A
( )G g=1 g ll l3 12 ro r] ’/,2 ( )P ( )G . . H yx H yy
L L o N ' ' ' ' H;: HxEyl
IR ' R OO yE: HyEyl

H, = (P2

Pr)




Dz Hamiltonianlocal- H matrices inlP(W"-pbasis
PX) [Ry) [Pa)

%) [RR5)

Hmatrixin L. . & &+ i 3 H matrix in HA | 1 | ! ! |
n HP. #°0 2 1 1 2 3 & n I $
lg"-basis: 2 2 IPW"-hasis: $ 1 | H l | l !
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subject to normalization (from p. 116-122):
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So, fuggettabout it!




DsHamiltonianlocal- H matrices inlPW"-basis

A E E, E, E,
Pa) [Ry) [P)IPs) [P)IPy)
H matrix in ! $ IX | CHA l l l l
) X P A A H m:';ltrlx |_n ¢ H _ _ _ _ _
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h To i 13 g b
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subject to normalization (from p. 116-122):
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nn I G so, fuggettabout it!



Dz Hamiltonianlocal- H matrices inlP(W"-pbasis . )
PX) [Ry) [Pa)

%) [RR5)

Hmatrixin L. . & &+ i 3 H matrix in HA | 1 | ! ! |
. . #lo 21 11 o 3 g ) . $
lg"-basis: 2 2 IPW"-hasis: $ 1 | H l | l !
h o I I3 I b
# & $ = =
0 ! ! H H ! !
G #r, o o1y i, iy i & _ 3 oy
(H)G:! g9=# . : & (H),=T(H), T =% , Ll HY HY | l
g=1 g Lolg I, Iy I I, & $ - yx yy
ﬁiz h I3 T Ty rlg % ! ! ! ! HXE; HxEyl
#i3 P R O P ro% § l l | | HyE; |_|yEy1
H;b:<Pr¢fa‘H P;;)>: 1| PX HP!|1) = (1| HPX P4 |1)
(normy MOCk-MaCh (normy
commutation
rr=rr
(p.89)
1 pH) iG *
U \— pH — W M
)= Pt = b o)

subject to normalization (from p. 116-122):

norm:\/<1‘ P 1) :\/!_(z (which will cancel out)
I

So, fuggettabout it!




DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in
lg"-basis:

= =
NS B O

&II .
=

T
()
1
@ﬁ
«Ql
1
R
T

o

L= (PaH

P T T PR z
b o3 1 1 g
h .ro b I3 g
I3 1 g I TIr &
L I3 I N §
lp oo 5

Py,) = (4P HPE| 1) = (1

(normy

H matrix in
IPW"-hasis:

T
>~
I

—|
T
o
_|

HPPal D) = " {1 H PL[ L)

m

(normy (normY

Use P4 -orthonomality

pH

min!

pH

U — o dln
I:)mn - nim' min

(p.18)

P2 [By) [PR)IPy) [PR)IRy)
gH | v [ v v |

$ ! | H |

%! | | H, Hg | !
:$! | | H, H_ | !

%! Ll [ Hy Hy
i! | | | |H, H,




DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in ! Corr
I n L # 0 2 1
lg"-basis: o
h o NIy
#
g #r, r, T
(H)g="! rgg=s = * 7
g=1 # |I |3 |2
# ..
#lo 1 3
iy i, iy

o = (Pr

‘>P“1>

T
1 b I3 g
i, i i, &
3 1 2 &
L, 1, I, &
2 3 19
b L Iy g
h To I g
I Tg é

(normy

H|P,) = (PLHPY|1) = (Y HP; Py 1) =
(normy
1 !(u) i"G ,U*
norm lGInorm g Dm(g)‘g>

subject to normalizatiogrom p. 116-122)

norms= \/<1‘ P/

IJn 1>

!(u)
VG

(which will cancel out)
So, fuggettabout it!

Pe) 1Py) PPy [P)IPy)
H matrix in ;HAl ! ! l !
IPW"-hasis: $ I | H l l l
o % L] [ Hy Hg | !
(H)o=T(H),T :g ! l H;: HyE; l
% Ll [ Hy Hy
i | | | H, H,
iG }
"o UH P41 = (1H|g)D,, (9)
(normy  g=1

CoefﬁuentsD“ (g)1 aneredumble representatlons (irepsfg

g= r i i
1 1 1 1
Dpl(g): 1 1 1 (1 (1 (1
1 ' % % % % 1
DU)= | e G (P g B g (B s B e
E _ ' $ ' $ ' $ ' '
o= | Frre g6 Gy gfay §F 1, g8, Pooa




DsHamiltonianlocal- H matrices inlPW"-basis

AEI. El El
e 1Ry [P)IR)
H matrlx |n IR EREE L RP ST E PP EPPEPTERPPEPPLS :$ - - " A | |
. o plo b I L b l3:g H m"atrlx . $H '
lg"-basis: b ? IPW"-hasis: $ 1 | H l
norp rpo g g i, S &
# & ‘e I I H B H
°c  #r, o1y iy iy i & _ % xx
(H)G = T9=# - & (H)p =T(H), T =8 I |H® H
g=1 e P PR PR PN P PO $ yX
ﬁ L, Iy g I, 15 1 g % ! ! |
fHig i, iy o, & i | | |
............ .G ”.G |
= (PreH|Ps) = (UPLHPE| 1) = (U HPS Py 1) = " (I HPL|D) = # (1| H|giD,, (g) = # r,D
(normy (normy (normp  g=g i g=1
u u 1 | (1) i G ,U*
subject to normalization (from p. 116-122):
| (K1) : :
norm= /(1 PH|1) = ‘/'_ which will cancel out
\/<‘ nn > iG go,fuggettaboutit! )
CoefﬁuentsD“ (g)1 aneredumble representatlons (irepsfg
g= r Iy I3
1 1 1 1
D" (g)= i 1 1 (1 (1 (11
DEg)= | vy % § G (F” g(% s g(% (8 g(%?% "1 0%
_ . 3 ' ' ' ' '
oGle)= | Frie $6 . §f Gy, 3(F 1, 3P 1, Poae




DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in ! i

I n P # :O
lg"-basis: o

41

oG #Hr

(H)g="! rg0=#

# .

# 12

% I3

o = (Pro[H

i) = {UPaH

(normy

Pl 1) = (U HPLPy[1) =

~OR0 R0 Ro Ro Ro Ro Qo R Ro €4

P2) IRy) [PIR) [RR)IPY)
H matrix in ;HAl ! ! l !
IPW"-hasis: $ H l l l
) ) % | | H, Hg | !
(H)o=T(H),T :g l H;: HyE; l
% | | | | H, H,
i | | | | H, H,
R ;.(-3-5 R
(U HPL L) = <1|H|9>Dab() # r.D., (g)
s SRR it

H% =r, DY@+ r, D™ (r)+r, D (r*)+i,D¥ (i)+i,D™ (i,)+i,D™ (i)=r,+r+r, +i,+i, +i,




DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in
lg"-basis:

_‘
N

&IZ .
=

T
()
1
@q
«Ql
1
R
T

W

H., = (PL|H

HAl

RL) = (UlPLH
(normy

PY11) = (1|HPX Pm:| _>—

= 1,D* (L)+ DA (r)+ 1, DA (r2)+i,D* (|1)+|2D’*l () ,D" (1) oty H .

*
*
*
*
*
*
*
*
*
*
. P
*
*
*
*
*

~OR0 R0 Ro Ro Ro Ro Qo R Ro €4

P [Py) [P)IPy) [P)IPy)

H matrix in ;HAl ! ! ! !
IPW"-basis: $ 1 | H l ! l
% | | | H, Hg | ! |

=T(H)T :g v H, H

% Ll Ho Hy

i | | | H, H,

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

i/ H Pl 1) = # <1|H|9>Dab( )=#

(normY

H" =D (D)+rD " (r)+r D (r)+i,D" (i)+i,D™ (i) +i,D " (i) =ro+y+1y -iy-i,-i,




DsHamiltonianlocal- H matrices inlPW"-basis

o) Ry |PIPY) [RIRY)
lg"-basis: 2 ST T IPMW"_pasis: $ 1 | H l | l l
; P P R PO 2 $ ' - T |
(H) e o _Fnon fp i iy i & H) =T(H).T % | e e |
= r = = = E1 !
G gu gY ﬁ Lo g ( )o =T (H), g | l W Ho | l
ﬁ i, iy T, Ty g % ! ! . . H,
fHig i, iy o, & i | | T tom”
= (Pa|H Péé}—liLP“ b|1>=<1|HP“FLbJ_>‘ <1|H|2m|i> #<1|H|9>Dab() #r,D.,(9)
nor norm (norm ............ g:1

H™ = 5,D" (4 DY (7)1 DY (P24 D™ (i) + i, D (i) + i,D ™ (i)
H =0 @D (D (O iD (D () +iD ()

=r,tn +r1 +i, i, +i,

Sl N i Pl PR

H, _roD (1) ”1D (”)"'"1 Dxx (r*) + ilei (i1)+i2D;x (i2)+i3DxEx (i5) :@O_rl_rl*_il_iZ@is)/z

XX

CoefﬂClentsD“ (g)l arereducible representations (irepsy g

g= r r Iy I, I
1 1
D" (g) = (1 1
b ()= $©(?% s () © (1 o %
DFt (g) = S B o1 6k 1. %0 (L&
Xy 2(3 32 ¢ 23 3234



DsHamiltonianlocal- H matrices inlPW"-basis

P [Py) [P)IPy) [P)IPy)
:—I"matri_x.in ;I#forzﬁ'l'z'sz Hm:eltrixi_n. g HY | | ! | ! !
lg"-basis: 2 . ? IPW"-hasis: $ 1 | H l | l !
BhoTo fodg iy S $ ' "R |
(H) ‘I’G 2 O T P PO PO VST T % ' b He Hy '
=1 r = = — E1 =i
T S (H), =T (H)s SN IO RV TE R
ﬁiz R R PR 7 rlg % ! | ! || Hy HxEy1
iz i, i i 1§ i I T T I = I
= (Pa|H P&}—J}E" b|1>=<1|HF’“%bOJ_>‘ <1|H|%3Jé> #<1|H|9>Dab() # r,D, (9)
oy oy Ay T i

H% =r, D™ (Q)+r,DY(r")+r, D™ (r*)+i,D™ (i)+i,D™(i,)+i,D* (i) =r,+r+r, +i +i,+,

H” =r, D" (Q)+r,D"”(r)+r, D (r*)+i, D" (i)+i,D

E1
Hxx

(i) +isD (i)
= roDxE: (1) T rleE:(rl) t rl* DxE:(rz) + i1DxE: (Il) + iZDxE: (iZ) + i3DXE: (i3)

=[,+1,+, =iy,

=(2r,-r,-r, -i,-i,+2i,)/2

HXEyl = rODXEy D)+ rlDXEy(rl)+ r, DXEy (r2)+i1DXEy (i1)+i2DXEy (i2)+i3DXEy (i) =/3(-r,+r, -i,+i,)/2 =H

CoefﬂmentsD“ (g)1 arereducible repr

sntations (irepsy g

g= r 2
1 1
D™ ()= 1 1 1 (1 (1
) ! % % % %
o= | -1 3 @ s 8% ya @ e 60 - D
Ey () — ! $ ' $ ' 3 ' $ ' '
oGe)= | Brie g6 1. S(fdy, $(F 1, §¢ 1, FoQe



DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in
lg"-basis:

_‘
N

&II .
=

T
()
1
@ﬁ
«Ql
1
R
T

W

o = (Pro[H

) =P

(normy

T
IS
I I3
b N I
h To Iy
h I Tg
Pyl 1) = (1 HP;

~OR0 R0 Ro Ro Ro Ro Qo R Ro €4

@_}_

P2 [By) [PR)IPy) [PR)IRy)
H matrix in ;HAl ! ! ! l l
IPW"-basis: $ 1 | H l l ! l
% | | | H, Hg | ! |
(H)o=T(H). T :g v H, H
% Ll [ Hy Hy
i | | | | | H, H,
m(UH P = #<1|H|g>Dab() # r,D., (9)
AL T T AR TS i

H* =r,D* Q)+, D™ (r)+r, DAl*(r2)+i1DA1(|1)+|2DA1(|2)+|3DA1(|3) =1+ H L

H” =r, D@+, D" (r')+r, D" (r*)+i,D""(i,)+i,D""(i,) +i,D""(i,)
H. —rD (1)+rD (r)+rD (r)+|D (|1)+| D, (|)+|D (|3)

H

XX
E1
Xy
E1
yy

CoefﬂmentsD“ (g)1 aneredumble represen

g_

r

ns (|rep9f

9

=[,+1,+, -y,

=(2r,-1,-1, -i,-i,+2i,)/2

H,. =r,D, (1)+rD (r)+rD (r)+|D (i) +i,D; (|2)+|D (i) @r rr+| +,

)/2

—rD (1)+rD (r)+rD (r)+|D (|1)+| D, (|2)+|D (|3) —\/1_3(r+r -1,+1,)/2 HE



DsHamiltonianlocal- H matrices inlPW"-basis

Pe) Py |PIPY) [RIRY)
:—I"matri_x.in :*.,t r0r2r1|1|2|3§ H m:eltrix |n $ H " ! ! ! ! !
lg"-basis: 2 ° IPW"-hasis: $ 1 | H l | l !
# oy f; g iy S $ ' - ) |

(M) =1 Crg=h? o 2l g H) =T(H).T =3 I

=1 r = = = E1 =]
G ga " ﬁil i, i, 1y rzg (H), =T (H)s $ ! L He Hy | '
ﬁiz h 13 I Ty rlg % ! ! ! ! Hin HxEy1
i PO M A r0§ i ! ' ! ' HyE; HyEyl

= (Pa|H Pn’f))—jll_P“ Pil1) = (1 IHF’;‘m@_}— <1|ng> #<1|H|9>Dab( )=# 1,0, (9)
(normy (normYy (normy  g=qrreireereeee g=1

H* =r,D¥ Q)+, D (r")+r, D*(r*)+i,D™ (i,)+i,D™ (i,)+i,D™ (i5) =ry+r+r, +i +i,+,

H” =r, D" Q)+, D" (r')+r, D" (r?)+i,D""(i,)+i,D""(i,) +i, D" (i,) =r,+r,+r, -i,-i,-i,

H._ =T, D, (1)+rD (r)+r D, (r Y +i, D, (|1)+| D, (| ,)Fi, D, (|3) =(2r,-r, I, -i,-i,+2i,)/2
=T, D, (1)+rD (r)+r D, (r Y +i, D, (|1)+| D, (|2)+| D, (|3) =J3(- [+, -i,+i,)/2 HE

XX
E1
Xy

H
H.) = 1D, ()+ 15D, (r)+1; D, (1) +i,D,, (i) +i,D; (i,) +isD,, (is) =(2o-T;-1; +iy+i-2i,)/2

I B $ I x . . . * . .

# H Hy & 1y 205701 -1-1, 42, \/é('r1+r1 -l +,) g

e Ep __# , .. .. . &
H. H %0 20 30 r i, 2ngnen L HL-2, G



DsHamiltonianlocal- H matrices inlPW"-basis

H matrix in
lg"-basis:

5

OG

(1), =

—
N

1
=

Qﬁ
ii=]
[
HHHHFHFEHHFHE
>

W

o = (Pro[H

) =P

(normy

Pil1) = (1 |HPHFM_>_

*
*
*
*
*
*
*
*
*
*
. P
*
*
*
*
*

~OR0 R0 Ro Ro Ro Ro Qo R Ro €4

P [Py) [P)IPy) [P)IPy)
H matrix in ;HAl ! ! ! A
IPW"-hasis: $ I | H l l |
o S TR
=T(H),T :g ! | HyExl HyE; | ]
% L] Ho H,
i | | | H,, Hfj'&
H(UHPLD)= #<1|H|g>oab() #1,0.(g)
o ARt i

H” =r,D* Q)+, D™ (r")+r, D¥(r*)+i, DA1(|1)+| D™ (i,)+1,D™ (i,) =r,+r+r, +i +i,+i,
H” =r, D)+, D" (r)+r, D" (r)+i,D""(i,)+i,D""(i,) +i,D " (i ) =r,+r,+r, -i -i,-i,
H. —rD (1)+rD (r)+rD (r)+|D (|1)+| D, (|2)+|D (|3) =(2r,-r,-I, -i,-i,+2i,)/2

H

XX
E1
Xy
E1
yy

H

H
#H

E1
Xy
B

yy

&

o

20,-1, -1, -1,-1,+21,

ot

!
& 14

\/§(-r1+r1*-i1+i2)

(" r Hr-H,)  2r-r-r i L2

—rD (1)+rD (r)+rD (r)+|D (|1)+| D, (|)+|D (|3) —\/1_3(r+r -1,+1,)/2 HE
—rD (1)+rD (r)+rD (r)+|D (|1)+| D, (|2)+|D (|3) =(2r,-r,-1, +i,+i,-2i,)/2

$
&

&

3 Y

=r,+2r,+2,+l,
=r,+2r, -21, -l,
:ro 'r1 "12 +

=0

3

=Iy -1 +|12 =I5

#
if

[o-Ty i, g

o $ Choosing locaCy={1,iz} symmetry with
local constraintT1=r1*=r 2 andii=i2

lo-T1-115-13 %O

r:r,=r, and:i; =i,




DsHamiltonianlocal- H matrices inlPW"-basis

Pa) [Py) [P)IPY) \PE1> Py)
H matrlx |n I SRARREEEEEREEREEEREREEEE EEREE $ H matrlx In / HAl \
lg"-basis: b ST T IPM"-basis: H
# rl rO rl |3 Il |2 & Ep Ep
°G #r, roroi, iy i & _ _ e oy
(H)G — | rgg:# .2 -1 -0 2 3 1 ) (H)P =T(H)GT — B HEl
g=1 # |I |3 |2 I’O I’l I‘2 & yx yy
# . . . & ’ E1 E1
#lo g I3 I Ty T o o Hy
it Y P R P OO é \ yE: HyEy1
........... i.(.;.: e
< ‘H Pr%>_j_|_1 PrHPL|L) = (A HPL P 1) =" (IHPL|1) = <1|H|g>Dab( ) # 1,D,, (g)
(normy (normy (normY g=1 g=1
H" =r, D)+ r DY (r')+r, D" (r)+i D" (i)+i,D" " (i,)+i,D" (i) =r,+r,+r, +i,+i,+i, =1, +2r,+2i,,+1,
H" =5, D" ()+rD "(r")+r, D" (r)+i D "(i)+i,D " (i,) +i,D " (i,) =1, +1,+r, -i,-i,-i, =1, +2r, -2i,, -i,
=D _)+rD._(P+r'D_(r)+iD._(i)+i,D.(i,)+i,D. (i) =Qr,-r-r -i-i, 4202  |=r, -5, i, +i,
H, =rD, W) +rD, (r"Y+r' D, () +iD, G)+i,D, (0,)+i,D,, () =N3(-r+r -i+i,)2 =HE |=0
H, =rD, ()+nrD, (r"Y+r D, (r)+iD, (i)+i,D, (i,)+i,D, (i;) =Qry-r-r, +i+i,-2i,)2  |=r, -+, -i,
. ! B B $ ! * . . . * . ;
(C2:{1,|3} # Hy ny &: 1# 2r,-1y-1y =11, 4215 \/é(-rl-i_rl -l +i,) g
Local symmetry iy H,, % 28 3 v 4 H,)  2r o L2 f)%
determines all level 0

and eigenvectors with

just 4 real parametefs
-

-#
#

[o-ry-ip, +ig
0

lo-T-115-15 %O

0

r:r,=r, and:i; =i,

3 Choosing localC,={1,i3} symmetry with
local constraintTi=r1*=r 2 andii=i2




PU=T1 D
Spectral Efficiency: Same D(a),  projectors give a lot!

2 3 2 3

=(2-1-1-1-1+2)/6 |Ry=(0 -1 1-1+1 Q)32
=(0 1-1-1+1 0)rae F§,Eyy:(2 /1 -1+1 +1 -2)/6

*FEigenstates (shown before)
sComplete Hamiltoni .
H "B h*
A -block H 5570 L&
L3L,"

A block L

h2h 215'2 PRV

|3(+FL I‘ZTI +I2 _%E_%rf%'f%'z_ L

\ J

°Local symmetery eigenvalue formulae (Loca Symmetry=> off-diagonal=0)
=r=r=r, L= 1,= 1=
Aj-level: H +2r +2i+'
glVGS A-level: H +2r - 2] -
E-leve: H - 1 - i+]
E-leve: H - 1 + 1-l3

1
2

=(1 1 1 1)/s Lot 2 i, i (G R T

F;f\yz(11 1

From Left 16 p. 101

wWw W

P4 g-expansion
In Lect.17 p. 35-51




Global (LAB) symmetry ) 3> C2 B pr()j ector states  Local (BOD) symmetry

L (1 =P T4 =T = AT
e l(m) S .
=(n° [

. @
anti-symmetry /@

I3 local

—>>
i 5 global (y)
| Ar anti-symmetry
XX ©
& I
I;global '3

(X) symmetry



\When there is no there, there...

Nobody Home
where LOCAL

and GLOBAL

—
N
U

. <]
anti-symmetry /@

I3 local

—>
i3 global (y)
‘ Ap] anti-symmetry
XX | |
] > |
I5global '3

(X) symmetry




(a) Local D DCZ(z ) model  (b) Mixed local symmetry D ; model
- \\}Q\D cos] 5°=V[(1+cos 30°)/2]

=(1/2)V(2+V3)=sin75°

sinl 5°=V[(1-cos 30°)/2]
r2| > =(12)¥(2-V3)=cos75°

MolVibes Web Simulation
3 Atom with C3v symmetny

MolVibes Web Applicationhttp://www.uark.edu/ua/modphys/markup/MolVibesWeb.htn



http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=C3vN3
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=C3vN3
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=C3vN3

Scalar mode
A,
XX

Vector mode
E /
yx

(a) Local D 3°C,(i3) model

1?> N

~]

,/—ﬂHHHH‘

200000008

MolVibes Web Simulation
3 Atom with C3v symmetny

N\

L


http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=C3vN3
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=C3vN3
http://www.uark.edu/ua/modphys/markup/MolVibesWeb.html?scenario=C3vN3

