Oy, irreps and decompositions

= OhRed = «|
"Irreps" » {"Aig", "Azg", "Eg", "Tig", "T2g"},
"CharacterTable" -»
{
{,1,1,1, 1},
{1,1, -1, -1, 1},
{2’ _l’ 0’ 0’ 2}’
{3,060, -1,1, -1},
{3,0,1, -1, -1}
}s
"ConjugacyClassSizes" -» {1, 8, 6, 6, 3}

>3

n2= Oh = <]

llIrrepSll - {"Alg"’ llAzgll, lIEgII, "Tlg", "ng"! llAlull’

"CharacterTable" »

Flatten [KroneckerProduct [

11

(1—1)’

{

{1,1,1,1, 1},
{1,1, -1, -1, 1},
{2’ _l’ 0’ 0’ 2}’
{3,060, -1,1, -1},
{3,0,1, -1, -1}

s 3],

"ConjugacyClassSizes" - {1, 8,6, 6,3, 1, 8, 6, 6, 3}

>3

"AZLI"’ IIEuII, "Tlu", "TZU"}’

niz= IsotypicDecomposition[G_Association, char__] := Module[{mult'i},

1

multi = Table
[ Total[G["ConjugacyClassSizes"]]

(G["ConjugacyClassSizes"] «G["CharacterTable"][1]) .char,

{i, Length[G["CharacterTable"]] }] H

multi = DeleteCases[multi G["Irreps'"], 0];

If[Length[multi] > 1, multi /. List » CirclePlus, multi[1]]

]
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Sin[(l+%)9]

n4= x03[1l_, 6_]1 := ChebyshevU[2 1, Cos[6/2]] (*:= [1 ]
Sin|ze

*)

xO3Red[1_] := x03[1, #] &/@{0,2xn/3, nm, /2, 7}

XO03Full[1l_] := Flatten[KroneckerProduct[{1, (—1)1}, x03Red[1]], 1]

x[name_, G_:0h] := G["CharacterTable"] [Position[G["Irreps"], name][1, 171
nel= L =13

xO03Red [1]

x03Full[1]
IsotypicDecomposition[Oh, xO3Full[1l]]

oue- {3, 0, -1, 1, -1}

oufio- {3,060, -1,1, -1, -3, 0, 1, -1, 1}

ouft1]= T1y

npizp= L= 23
xO03Red [1]
x03Full[1]

IsotypicDecomposition[Oh, xO3Full[1l]]
ouftz= {5, -1, 1, -1, 1}
oufi4= {5, -1,1,-1,1,5, -1,1, -1, 1}
Out[15]= EgEBng
npep= L= 33
x03Red [1]

x03Full[1]
IsotypicDecomposition[Oh, xO3Full[1l]]

oupt7= {7, 1, -1, -1, -1}
ouptg= {7, 1, -1, -1, -1, -7, -1, 1,1, 1}
ouigl= Au®T1y@Tay
nzop= L = 43
x03Red [1]

x03Full[1]
IsotypicDecomposition[Oh, xO3Full[1l]]

oupi= {9, @, 1, 1, 1}
oure2- {9, 0,1,1,1,9,0, 1,1, 1}

ouzsl= A g ®Eg®T1 g ®Tog



Superconductivity Order Parameter

4= D4 = <|

llIrrepS" - {"Alll s

"A2|l ,

"CharacterTable" »

{
{1’
{1,
{1,
{1’
{2’

}s

1,1, 1,1},

1,1, -1, -1},
-1,1,1, -1},
-1,1, -1, 13},
0, -2, 0, 0}

llBlll s

"Bz", IIEII} ,

"COI‘ljugacyClasseS" - {"EH’ IIC4II, llc;ll’ ||C2' ll’ I|C;‘ll}’

"ConjugacyClassSizes" -» {1, 2, 1, 2, 2}

>3

nesi= (xMatrix rep in the basis {e™*, e e Tk ek }y)

NNBasis = {e" k) @tk @ike ) ot ky};

D4gens = {

(*Cyqx)

(*0x=C; *)

s

MatrixForm /e

0100
0010
0001
1000

)

0010
0100
1000
0001

Lecture22.nb

(D4mats = Flatten[Table[MatrixPower [D4gens[1], i].MatrixPower [D4gens[2], j1,

{i, 0, 3}, {j, 0, 1}], 1])

0

out[27]= {

© © © K
[clN oM O]
[l SN O]

[cll SN ORNO]
H © © o
© © O K

ni2gi= D4matClasses = {"E", "CyM, "C"

0

= © ©

© 0+ o

[l SN O O]

© © O K

© 0+ o

= © & O

1

o 0 o

o B O 6

0

= ©® ©

[clN oM O]

= © © o

© 0+ o

© 0 ©

[cll SN ORNO]

0 0 100
10 1000
1’loee 01|
00 0010
01 0 0601
0 0 O 610
00’0100}
10 1000

, "C;"', "C;", "Cz' nong,", "C;'"};

| 3
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npoj= projectorD4[irrep_] := Module[{rep'ind},
repind = Position[D4["Irreps"], irrep]l[1l, 1];
D4["CharacterTable"][repind, 1]

8
Position[D4["ConjugacyClasses'"], D4matClasses[i]]1[1l, 1]] ~ D4mats[i]

Z:_l D4["CharacterTable"][repind,

]

nio= projectors = {PAl, PA2, PB1, PB2, PE} = projectorD4 /@D4["Irreps"];

nii:= TableForm[ {MatrixForm /@ projectors}, TableHeadings » {None, D4["Irreps"]}]

Out[31]//TableForm=

Al A2 B_]_ Bz E
11011 11 1 1 1y 1 g
4 4 4 4 O 00 0 4 4 4 4 O 0 0 0 2 2
11011 111 o 1 o _1
4 4 4 4 0000 4 4 4 4 © 000 2 2
11011 00600 111 1 0000 19 1 4
4 4 4 4 4 4 4 4 2 2
11011 °©0090 11 1 0000 o .1 o 1
4 4 4 4 4 4 4 4 2 2

na2= H.H == # & /@ projectors

ouzl= {True, True, True, True, True}

nizs= Eigensystem[PAl]
ouss- {{1, 0, 6, 0}, {{1, 1,1, 1}, {-1,0, 0,1}, {-1,0,1,0}, {-1,1,0, 0}}}

niz4:- Normalize[{1l, 1, 1, 1}].NNBasis // ExpToTrig

ouza)= Cos[ky] + Cos {ky}

nsi= Eigensystem[PB1]

ouss= {{1, @, @, 0}, {{-1,1, -1, 1}, {1,0,0, 1}, {-1,0, 1,0}, {1,1,0,0}}}
nie:= Normalize[-{-1, 1, -1, 1}].NNBasis // ExpToTrig

ouizel= Cos [ky] - Cos [ky}

nia7= Eigensystem[PE]

ouwpsr= {{1, 1, ®, 0}, {{0, -1, 0, 1}, {-1,0, 1,0}, {0,1,0, 1}, {1,0,1,0}}}

nize- Normalize[{0, -1, 0, 1}].NNBasis // ExpToTrig
Normalize[{-1, 0, 1, O}] .NNBasis // ExpToTrig

outizgl= — 1 \/? S'in[ky]

ouiagl= — 1 \/5 Sin[ky]
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in40= DensityPlot[Cos[kx] + Cos[ky]l, {kx, -m, 7}, {ky, -m, 7},
MeshFunctions -» {#3 &, #3 &}, Mesh » {{0}, {0}}, MeshSty'Le - Opacity[0.5, Black]]

3

Out[40]=

-1

-2

-3

in411- DensityPlot[Cos[kx] - Cos[ky], {kx, -7, nt}, {ky, -m, 7},
MeshFunctions -» {#3 &, #3 &}, Mesh » {{0}, {0}}, MeshSty'le - Opacity[0.5, Black]]

3

Out[41]=

-1

-2

-3




| Lecture22.nb

in42= DensityPlot[Sin[kx], {kx, -x, 7w}, {ky, -7, 7}, MeshFunctions -» {#3 &, #3 &},
Mesh -» {{0}, {0}}, MeshStyle -» Opacity[0.5, B'Lack]]

3

N

-

Out[42]=

-1

-2

-3

-3 -2 -1 0 1 2 3

in4s;- DensityPlot[Sin[kx] Sin[ky] (Cos[kx] - Cos[ky]), {kx, -, 7},
{ky, -m, 7}, MeshFunctions -» {#3 &, #3 &}, Mesh » {{0}, {0}},
MeshStyle -» Opacity[0.5, Black], PlotPoints » 150]

3

Out[43]=

-1

-2

-3




