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Fri4, 1%, 14,217, 7104, 17, (5, 117, F174, 2}, 15, 27]

, TI05, 10, 05, 21T, FI(5, 27, 15, 3177

H=-7) (blb;+hc.)+UY iy

(2,9)

J=1; (» measure time in 1/J units «)
U=1/10;

(1,7)

h=1links /. f[7 , 7 1] »-Jbd[i].b[j].state-Jbd[j].b[i].state+Ubd[i].b[i].bd[j].b[j].state // Total;

hBottom = linksBottom /. f[/ , / ] -+ -Jbd[i].b[]j].state-Jbd[j].b[i].state+Ubd[i].b[i].bd[]j].b[]].state // Total

-bd[{2, 1}].b[{3, 1}].state-bd[{3, 1}].b[{2, 1}]
» 11
2}

bd( ({3, 2)].b[{4, 2}).state-bd[{4, 1}].b[(3
bd[{4, 2)].b[{4, 1}].state-bd[{4, 2}].b[(5,

bd[{5, 2}].b[{5, 1}).state-bd[{5, 2}].b[{(5,
16 PAL(3, 1)1.B(3, 1)1.bd((3, 2)].b((3, 2]
16 P93, 231.6((3, 2)1.bd((4, 2}].b((4, 2}
le bd[{4, 1}].b[{4, 1}).bd({5, 1}].b({(5, 1}]

1
ebdl{S, 1)1.b[(5, 1}]1.bd[{5, 2}].b[(5, 2}]
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Fiwed Width 5TIXGanaral Bemibold
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Modern Tahoma Blaok
POF Thamas
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Web Tiger Cxpert
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.state-bd({3, 1}].b[{3, 2}].state-bd[{3, 1}).b[{4, 1}].state-bd[{3, 2}].b[{3, 1}].state -
.state-bd[(4, 1)].b[[4, 2}].state-bd[(4, 1}].b[{5, 1}].state-bd[(4, 2}].b[(3, 2}].state -
.state-bd( ({5, 1}].b[{4, 1}).state-bd[{5, 1}].b[{5, 2}].state-bd[{5, 2}]|.b[{4, 2}].state -

Bize

0

12
13

L]
24
8

150% »

Page 51/91



10 ’ ’ 10 ’

Matrix Form Problem

5 bosons that move around.

basis = Ket @@@ Subsets [erased, (5}]

{1y, 23, (1, 3}, (1, 4}, (1, 5}, (2, 1}), |(L, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 3}),

|[{1, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 4}), |(1, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 5}), [(1, 2}, (1, 3}, (1, 4}, (1,5}, (3, 1}),

» | (4, 4}, (4, 5}, (5, 1}, (5, 2), (5, 5}), [(4, 4}, (4, 5}, (5, 1}, (5, 3}, (5, 51),

|14, 4}, (4, 5}, (5, 2}, {5, 3}, {5, 5}), |4, 4}, (5, 1}, (5, 2}, {5, 3}, {5,51),‘ |14, 5}, (5, 1}, (5, 2}, (5, 3}, (5, 5})}

large output show less show more show all set size limit...

Colleotion
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{|{1, 2}, (1, 3}, (1, 4}, {1, 5}, (2, l]), [{1, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 3})’

[{1, 2}, (1, 3}, (1, 4}, (1, S5}, {2, 4}), {1, 2}, (1, 3}, (1, 4}, {1, 51, (2, 5}), [{1, 2}, (1, 3}, (1, 4}, (1, 5}, (3, l}),
, | (4, 4}, (4, 5}, (5,1}, (5, 2}, (5, 5)), |{4, 4}, {4, 5}, (5, 1}, {5, 3}, (5, 5}),

|{4, 4}, (4, 5}, (5, 2}, (5, 3}, (5, 5}), |(4, 4}, (5, 1}, (5, 2}, (5, 3}, (5, 5}), |[(4, 5}, (5, 1}, (5, 2}, {5, 3}, {5, 5})}

arge output show less show more show all set size limit...

basisBottom = Ket @@@ Subsets [bottom, {5}]
{112, 13, {3, 1}, (3, 2}, {4, 1}, {4, 2}
{2, 1}, {3, 1}, {3, 2}, {4, 1}, {5, 2}
12, 1}, (3, 1}, (3, 2}, {4, 2}, {5, 2}
{2, 1}, (3, 1}, (3, 2}, (5, 1}, (5, 3}
{2, 1}, {3, 1}, {4, 1}, {4, 2}, {5, 2}
{2, 1}, {3, 1}, {4, 1}, {5, 1}, {5, 3}

» (12, 1}, (3, 1}, (3, 2}, {4, 1}, {5, 1}
s [ 12, 1}, {3, 1}, (3, 2}, (4, 1}, {5, 3}
s [ (2, 1}, (3, 1}, (3, 2}, (4, 2}, (5, 3} 2
y (2, 1), (3, 1}, (3, 2}, (5, 2}, {5, 3} 1
» 12, 1), (3, 1}, (4, 1}, (4, 2}, {5, 3} 2
s [ 12, 1}, {3, 1}, {4, 1}, (5, 2}, {5, 3} 2
{2, 1}, {3, 1}, {4, 2}, {5, 1}, {5, 3}), (2, 1}, {3, 1}, {4, 2}, {5, 2}, {5, 3}), (2,1}, (3,1}, (5,1}, {5, 2}, (5,3
{2, 1}, (3, 2}, {4, 1}, {4, 2}, {5, 1}), |[{2, 1}, (3, 2}, (4, 1}, (4, 2}, (5, 2}), (2,1}, (3, 2}, {4, 1}, {4, 2}, (5,3
3
3
3
3

, (12, 1}, {3, 1}, {3, 2}, {4, 2}, {5, 1
» [ 12, 1}, (3, 1}, (3, 2}, (5, 1}, (5,
s (251}, (3, 1}, (4, 1}, (4, 2}, (5,
» |12, 1}, (3, 1}, (4, 1}, (5, 1}, {5,
» 12, 1), (3, 1}, {4, 2}, (5, 1}, {5,

) )

) )

) )

) )

) )

) )

) )

) )

{2, L1}, (3, 2}, (4, 1}, (5, 1}, (5, 2}), [{(2, 1}, (3, 2}, (4, 1}, (5, 1}, (5, 3}), [{2, 1}, (3, 2}, {4, 1}, {5, 2}, {5,
{2, 1}, {3, 2}, {4, 2}, {5, 1}, {5, 2}), |{2, 1}, (3, 2}, {4, 2}, {5, 1}, {5, 3}), | {2, 1}, {3, 2}, {4, 2}, {5, 2}, {5,
{2, 1}, {3, 2}, {5, 1}, {5, 2}, {5, 3}), [{2, 1}, (4, 1}, {4, 2}, {5, 1}, {5, 2}), {2, 1}, {4, 1}, {4, 2}, {5, 1}, {5,
(2, 1}, {4, 1}, (4, 2}, (5, 2}, {5, 3}), [(2, 1}, (4, 1}, (5, 1}, {5, 2}, (5, 3}), |(2, 1}, {4, 2), (5, 1}, (5, 2}, (5,
{3, 1}, (3, 2}, (4, 1}, (4, 2}, (5, 1}), [(3, 1}, (3, 2}, (4, 1}, {4, 2}, (5, 2}), (3,1}, (3,2}, {4, 1}, {4, 2},
(3, 1}, (3, 2}, (4, 1}, (5, 1}, (5, 2}), |(3, 1}, (3, 2}, (4, 1}, {5, 1}, (5, 3}), |(3, 1}, (3, 2}, (4, 1}, (5, 2}, il

113, 1}, (3, 2}, {4, 21, {5, 1}, {5, 2}), |(3, 1}, (3, 2}, (4, 2}, {5, 1}, {5, 3}) o g =
|{3, 1}, {3, 2}, {5, 1}, {5, 2}, {5, 3}), |{3, 1}, {4, 1}, {4, 2}, {5, 1}, {5, 2})
|(3, 1}, (4, 1}, {4, 2}, {5, 2}, (5, 3}), (3, 1}, {4, 1}, (5, 1}, {5, 2}, {5, 3})
(3, 2}, {4, 1}, (4, 2}, (5, 1}, (5, 2}), (3, 2}, {4, 1}, (4, 2}, (5, 1}, {5, 3})
|(3, 2}, {4, 1}, (5, 1}, (5, 2}, (5, 3}), {3, 2}, {4, 2}, {5, 1}, {5, 2}, {5, 3})

’ ‘{3! 1}] {3) 2}] {4} 2}! {'51 2}!
3 !{Sr 1}, (4, 1}, {4, 2}, {5, 1},
3 }{3r 1}, {4, 2}, {5, 1}, {5, 2},

‘ Fun Savaye LOT Bola 13
H \{33 2}, (4, 1}, {4, 2}, {5, 2}, Modern Shadows Into Light Tw Black

POF SignPainter

All Fong PT Serit Caption Aegular 13
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Matrix Form Problem

5 bosons that move around.

basis = Ket @@@ Subsets[erased, (5}]

{|t2, 23, (1, 33, (1, 4}, (1, 5}, (2, 1}), |11, 23, (1, 3}, (1, 4}, (1, S5}, {2, 3}),

(1, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 4}), |1, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 5}), |{1, 2}, (1, 3}, (1, 4}, (1, 51, (3, 1}),

, |14, 4}, (4,5}, (5, 1}, (5, 2}, (5, 5}), |{4, 4}, (4, 5}, (5,1}, (5, 3}, (5, 5}),

|14, 41, (4, 51, (5, 2}, {5, 3}, {5, 51), |(4, 4}, (5, 1}, (5, 2}, (5, 3}, (5, 51), |4, 5}, (5, 1}, (5, 2}, (5, 3}, (5, 51)}

arga culput show less show mare show all set size limit___

basisBottom = Ket @@@ Subsets [bottom, (5}]

Length[basisBottom]
56

Length[basis]
20 349
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{11, 23, (1, 3}, (1, 4}, {1, 5}, {2, 1}), |{1, 2}, (1, 3}, {1, 4}, {1, 5}, {2, 3}),
[{1, 2}, {1, 3}, (1, 4}, {1, 5}, {2, 4}), |[{1, 2}, (1, 3}, (1, 4}, {1, 5}, (2, 5}), |{1, 2}, {1, 3}, (1, 4}, {1, 5}, {3, 1}),
,» |{4, 4}, (4, 5}, {5, 1}, (5, 2}, (5, 5}),

| (4, 4}, (4,5}, (5,2}, (5,3}, (5,5}), |(4, 4}, (5, 1}, (5, 2}, (5, 3}, (5,5}), [(4,5), (5,1}, (5,2}, (5,3}, (5,5}))}

large output show less

show mare

show all

basisBottom = Ket @@@ Subsets[bottom, {5}]

Length[basisBottom]
56

Length[basis]
20 349

h /. state » basis[[1]]

-bd[{1, 2}].b[(1, 3}].
bd[{1, 3}].b[(1, 4}].
bd[ {1, 4}].b[ (1, 3}].
bd[ ({1, 4)].b[({2, 4)].
bd[ (1, 5)].b[(2, 5}].
bd({2, 3)].b[{1, 3}).
bd[ {2, 3)].b[(3, 3}].
bd[{2, 4}].b[(2, 3}].
bd[{2, 4}].b[(3, 4}].
bd[{2, 5)].b[{2, 4}].
bd[ (3, 1}].b[({2, 1}).
bd[ {3, 1}].b[(4, 1}].
bd[ ({3, 2}].b[(3, 3}).
bd[(3, 3)].b[(2, 3}).
bd[ ({3, 31].b[{3, 4}].

Pirsa: 18100029
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, |{4, 4}, (4,5}, {5, 1}, (5, 2), (5, 5}), |(4, 4}, {4, 5}, (5, 1}, (5, 3}, (5, 5}),
|14, 4}, (4, 5}, (5, 2}, {5, 3}, {5, 5}), |4, 4}, (5, 1}, (5, 2}, (5, 3}, {5, 5}), |4, 5}, (5, 1}, (5, 2}, (5, 3}, (5, 5})}

large output show less show more show all set size limit...

basisBottom = Ket @@@ Subsets [bottom, (5}]

Length[basisBottom]
56

Length[basis]
20 349

rule = (b[a ].c Ket =» If[FreeQ[c, 2], 0, Sort[c /. a + Sequence[]]]}

(bla_].c_Ket:» If(FreeQ(c, a], 0, Sort(c /. a - Sequence(]]]}

h /. state » basis([[1]] /. rule
-bd((1, 2}].|(1, 2}, {1, 4}, (1, 5}, {2, l})—bd[{l, 3}1.0-bd[(1, 3}].|(1, 2}, (1, 3}, {1, 5}, (2, l})—del, 3}).0{1, 3}, {1, 4}, {1, 5}, (2
bd({1, 4)].0-bd[{1, 4}]. (1, 2}, {1, 3}, (1,4}, (2, 1})-bd[{1, 4}]).[{1, 2}, (1, 4}, {1, 5}, (2, 1})-bd[(1,5}].0-

bd[ {1, 5}].|(1, 2}, (1, 3}, (1, 5}, {2, 1})-bd[{2, 1}].0-2bd[{2, 3}].0-bd[(2, 3}].[(1, 2}, {1, 4}, (1,5}, (2, 1})-
3bd((2, 4}].0-bd[(2, 4}].|(1, 2}, {1, 3}, (1,5}, {2,1})-2bd[(2,5)].0-bd[(2,5}].|(1, 2}, (1,3}, (1, 4}, {2, 1}) -
2bd(({3, 1}].0-bd[(3, 1}].|(1, 2}, (1, 3}, (1, 4}, (1, 5})43bd[{3, 2}].0-3bd[(3,3}].0-4bd[({3,4}].0-3bd[(3,5]}].0-
3bd({4,1}].0-3bd[{4,2}).0-2bd[{4,4}).0-3bd[{4,5}].0-2bd[{5, 1}].0-3bd[{5,2}].0-bd[{5, 3}].0-bd|[{

-

1 1

19 bd[{l, Z}J'bl{l) Z}J'bdl{lx 3}]'{11 2}: {11 4}: {11 5}! {25 l})"’lebdl{ls 3}J-bl{1} S}J-bdl{lx 4}]-{11 2}) Colleation t Family Typetace
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l l l ngli Ralowa, um
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Recently Used Roboto Condensed  Extralignt

l l l iwed Width oboto Slab el

1o PAL{L, S11.bI{1, 53).bd([{2, 5}].0+  bd({2, 1}).b[{2, lH-de3,l}J-0*wdeZ,3}J-bH2,3}J-bdl{2,4}J;u, “’ e —

l l l Modern Shadows Into Light Ta Blaok

bd(({2, 4}).b[{2, 4}).bd((2, 5}].0+ ~_ bd((2, 4)).b((2, 4}].bd[{3,4}].0+  bd({2,5}].b((2, 5}].bd[(3, 5}] " SignPainter

_1@ _1@ _1@ Tragitional Skin
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119 bd ({3, 4}].b[{3, 4}).bd({3, 5}].0+ > bd({3, 4}].b({3, 4}).bd({4, 4}].0+ > bd((3, §}].b({3, 5}].bd({4, 5}].0 +

10 10
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, | (4,4}, (4, 5}, (5, 1}, {5, 2}, (5, 5}),
|(4, 4}, (4, 5), (5, 2}, (5, 3}, (5, 5}), |[(4, 4}, (5, 1}, (5, 2}, (5, 3}, (5, 5}), |(4, 5}, (5, 1}, (5, 2}, (5, 3}, (5, 5})}

large output show less show more show all set size limit...

basisBottom = Ket @@@ Subsets [bottom, (5}]
Length[basisBottom]

56

Length[basis]
20 349

rule = (b[a ].c Ket =» If[FreeQ[c, 2], 0, Sort[c /. a + Sequence[]]]}

{bla_].c_Ket :» If|(FreeQ(c, a], 0, Sort(c /. a - Sequence([]]]}

bd[{1, 2}].b[{1, 3”-|{1: 2}, {1, 3}, {1, 4}, {1, 5}, {2, l}} /. rule

bd[ (1, 2}1.;{1, 2}, (1, 4}, (1, 5}, (2, l})

h /. state - basis[[1]]

-bd ({1, 2}].b({1, 3}].|{2, 2}, {1, 3}, {1, 4}, {1, 5},
bd[{1, 3}].b[{1, 4}]).|{1, 2}, {1, 3}, {1, 4}, {1, 5},
bd({1, 4}].b[(1, 3}).|(1, 2}, {1, 3}, (1, 4}, (1, 5},
bd({1, 4}].b[{2, 4}]. (1, 2}, {1, 3}, {1, 4}, {1, 5},
bd({1, 5}].b[{2, 5}).|{1, 2}, {1, 3}, {1, 4}, {1, 5},
bd[{2, 3}].b[{1, 3}).|{1, 2}, {1, 3}, {1, 4}, {1, 5},
bd[{2, 3}].b[{3, 3}]). {1, 2}, {1, 3}, {1, 4}, {1, 5},
bd( ({2, 4}].b[{2, 3}).|(1, 2}, (1, 3}, (1, 4}, {1, 5},
bd({2, 4}].b[{(3, 4}).|{1, 2}, {1, 3}, {1, 4}, {1, 5},
bd({2, 5}].b[{2, 4}).|{1, 2}, {1, 3}, {1, 4}, {1, 5},
bd[{3, 1}].b[{2, 1}).|{1, 2}, {1, 3}, {1, 4}, {1, 5},
bd[{3, 1}].b[{4, 1}]).{1, 2}, {1, 3}, {1, 4}, {1, 5},

Pirsa: 18100029
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, | (4, 4}, (4, 5}, (5, 1}, (5, 2}, (5, 51), |(4, 4}, (4, 51, (5, 1}, (5, 3}, (5, 51),
/{4, 4}, (4, 5}, (5, 2}, (5, 3}, (5, 5}), |(4, 4}, (5, 1}, (5, 2}, (5, 3}, {5, 5}), |(4, 5}, (5, 1}, (5, 2}, (5, 3}, (5, 5})}

large output show less show more show all set size limit...

basisBottom = Ket @@@ Subsets [bottom, (5}]

Length[basisBottom]

56

Length[basis]
20 349

rule = {
b[a ].c Ket = If(FreeQ[c, 2], 0, Sort[c /. a -+ Sequence[]]],
b[a ].c Ket = If[(FreeQ[c, 2], , O],
Dot[a_, @] = 0}

bd[{1, 2}].b[{1, 3”-|{1: 2}, {1, 3}, {1, 4}, {1, 5}, {2, 1}} /. rule

bd[ {1, 2}}.5{1, 2}, (1, 4}, (1, 5}, (2, l})

bd[{1, 2}].b[{1, 3}].|{1, 2}, (2, 3}, (1, 4}, (1, 5}, (2, 1}) //. rule

0

h /. state + basis[[1]]

-bd[ {1, 2}].b[(1, 3}].|(1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 1}) - bd[{l 3}1.b[(1, 2}].
bd({l, 3)].b[{1, 4}).[{1, 2}, (1, 3}, {1, 4}, (1,5}, (2, 1})- 3}].b({2, 3}]
bd[({l, 4}].b[{1, 3}).[(1, 2}, (1, 3}, {1, 4}, (1,5}, (2, 1})- {1, 4}].b[{1, 5})
bd[{l,4}].b[[2,4}].5[1,2},{1,3},{1,4},{1,5},{2,11) 5}].b[(1, 4}].
bd( {1, 5}].b[{2, 5}).[(L, 2}, {1, 3}, {1, 4}, (1,5}, {2, 1})-bd({2, 1}).b[(3, 1}].
bd[{2, 3}].b[{1, 3}).[{1, 2}, (1, 3}, {1, 4}, (1,5}, {2, 1})-bd 3}).b((2, 4}].
Carra maa krrm msa led Aas ev A et s e Ps em s ) kdrem dsa kred asa
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, | (4, 41, (4, 5}, (5, 1}, (5, 2}, (5, 51), |4, 4}, (4, 51, {5, 1}, {5, 3}, (5, 51),
|(4, 4}, (4, 5), (5, 2}, (5, 3}, (5, 51), |(4, 4), (5, 1}, (5, 2}, (5, 3}, (5, 5}), |(4, 5}, (5, 1), (5, 2}, {5, 3}, (5, 5})}

arge output show less show more show all set size limit...

basisBottom = Ket @@@ Subsets [bottom, (5}]

Length[basisBottom]

56

Length[basis]
20 349

rule = {
b[{a ].c Ket = If[(FreeQ[c, 2], O, Sort[c /. 3 - Sequence[]]],
bd[a2 ].c Ket :» If[FreeQ[c, 2], Sort[Join[Ket[a2], <]], O],
Dot[a_, 8] - 0}

{bla_].c_Ket:» If(FreeQ(c, a], 0, Sort(c /. a - Sequence(])], bd(a_|.c_Ket : If[FreeQ(c, a], Sort[Join[|a), c|], 0], (a_).0-0)

bd[{1, 2}].b[{1, 3}]-|{11 2}, {1, 3}, {1, 4}, {1, 5}, {2, 1}} /. rule
bd[{1, 2}].b[{1, 3}].|{1, 2}, {1, 3}, (1, 4}, (1, 5}, {2, 1}) /. rule /. rule

bd[(1, 2}].|(1, 2}, {1, 4}, (1, 5}, (2, 1})

@ .
Colleation t Family Typeface Size

bd[{1, 2}1.b[{1, 3}].|{1, 2}, {2, 3}, {1, 4}, (1, 5}, {2, 1}) //. rule -
English Raloway Medium L]
Favorites Roboto Ligm A

0 Reoently Used Robeto Candensed  ExtraLignt 1
Fixed Wiath Roboto Slab Semibold 12
Fun Savoye LET Bokd 13

h f| ,tate_.basis[[l]] Modern Shadgows Inta Light Ta Blaok 14
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~bd((1, 2}1.b1(1, 3)]. (1, 2}, (1, 3], (1,4}, (1, 5), (2, 1)) -bd({1, 3}1.b0(L, 2)].|(L, 2}, (1, 3}, {1, 4}, (1, 510w
Woo Snall Roundhand -

{1, 3}].b({2, 3}].[{1, 2}, (1, 3), {1,4), (1,5 swcecsdarn o

bd({1, 4}].b[{1, 3}].|{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 1}

-bd(
_bdl{lx 4}J'bl{1l S}J' {11 2}: {11 3}: {lr 4}: {l: 5}1 {2} 1}) -
bd({1, 4}].b[{2, 4}). {1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 1})-bd|

)
bd((1, 3}].b({1, 4}].[(L, 2}, (L, 3}, (1, 4}, (1,5}, (2, 1})
)
) {1, 5}].b({1, 4}].|{1, 2}, {1, 3}, {1, 4}, {1, 5}, {2, 1}) -
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oo rule = {

b[a ].c Ket =» If[FreeQ[c, a], @, Sort[c /. & » Sequence[]]],
bd[a_].c_Ket :» If[FreeQ[c, a], Sort[Join[Ket[a], ¢]], 0],

Dot[a , O] - 0);

actionh([[1]]

owmnaz= -bd| (1,
bd| (1,
bd[ {1,
bd[ {1,
bd[ (1,
bd| (2,
bd| {2,
bd| {2,
bd| {2,
bd| (2,
bd[ {3,
bd| {3,
bd| {3,
bd| (3,
bd| (3,
bd[ {3,
bd| {3,
bd| {3,
bd| (4,
bd| (4,
bd| {4,
bd| {4,
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5/, (2,1
5}, {2, 1
5, {2, 1}
51, {2, 1}
50, {2, 1}
5p, {2, 1
51, {2, 1}
5/, 12,1
5
A a
g ® . r
-
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'-"n. Specified elements: 228 202

[ —
SparseArray| 01 .. Dimensions: {20 349, 20 349}

22~ MatrixPlot[hMatrix)

1 5000 10000 15000 20349
1 1
5000 5000
Sy 10000 10000
\
\
18000 ‘ 15000
1
20349 {20349
1 5000 10000 15000 20349
hMatrix

‘ - 0
Colleation + Family Typetace Size

Al Fomg PT Serif Caption Regular 13
Englizh Raloway Medium 9
Favorites Roboto Ligmt 10
Reoently Used Roboto Condensed ExtraLignt 1
Fined Width Roboto Slab Semibold 12
Fun Savoyo LET Bola 13
Modern Shadows Into Light Tw Rlack 1"
POF SignPainter .
Tragitional Skia 24
Web Snoll Roundhand .

Source Code Pro
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10000}

Y 110000

15000 | {15000

20349, . . . 120349
1 5000 10000 15000 20349

hMatrix.Table[If[i =1, 1, 8], {1, 20349}]|

{1%? a? ﬂ? 0? 71? a? @? G? 0? m? @? ﬂ? @? ﬂ? @? ﬂ? @’ ﬂ? al 71? e? @? ﬂ? 0? ﬂ? 0’ ﬂ? @) ﬂ? 0) G? 0) ﬂ? a) B? a) ﬂ? a) G? a) ﬂ? m)
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

©,9,0,0,0,0,0,0,0,0,09,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

El 9) B! 0) 0! 0) e! 0) G! 0) e! 0) e! 0) e! 0) e! 0) G! G) e! G) e! B) e! B) e! B) GD B) e’ B) 0, B) e’ 9, 0) B) 0) B) 0) 0)
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, El}
arge output show less show mare show all set size limit...

|

Colleotion + Family Typeface
All Fonts PT Serif Caption Reqular
Engligh Raloway Medum
Favorites Roboto Ligm
Reoently Used Roboto Condensed ExtraLignt
Fixed Wigth Reboto Slab Bemibold
Fun Savoye LET Bolg
Modern Shadows Into Light Tw Blaok
POF SignPainter
Traditional Skin
Web Snoll Roundhand

Source Code Pro
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2= 10000} N, " 110000
15000 | ' 116000
20349}, . . . 120349

1 5000 10000 15000 20349

(hMatrix.Table[If[i =1, 1, @], {1, 20349}]) .basis

3 | |
10 |{lr 2}1 {lr 3}1 {11 4}; {11 5}; {21 l})_ |{lr 2}1 {lr 3}1 {11 4}; {11 5}» {31 1})“

{1, 2}, {1, 3}, (1, 4}, {2, 1}, (2, 5}) - |[{L, 2}, (1, 3}, (1,5}, (2,1}, {2, 4)) - |{L, 2}, {1, 4}, (1,5}, {2, 1}, {2, 3})

actionh[[1]]

3

1o | (12 21y (1,3}, (1, 4}, (1, 5}, (2, 1}) - [(1, 2}, (1, 3}, (1, 4}, (1, 5}, (3, 1}) -

{1, 2}, {1, 3}, {1, 4}, {2, 1}, {2, 5})- (1,2}, (1,3}, (1,5}, (2,1}, {2, 4})- (1, 2}, (1, 4}, {1, 5}, {2, 1}, {2, 3})

basis[[10]]
[{1, 2}, {1, 3}, {1, 4}, {1, 5}, {4, 1})

Colleotion
All Fontg
Engligh
Favorites
Recently Used
Fixed Width
Fun
Modern
POF
Traditional
Web

Pirsa: 18100029

.

Family
PT Serif Caption
Raloway

Roboto

Roboto Condonsed
Roboto Slab

Savaye LET

Typetace
Regular
Medium
Ligm
Extralignt
Semibold
Bolg

Shadows Inta Light Tw Black

SignPainter
Skia
Snell Roundahand

Source Code Pro

Page 63/91



|{4, 4}, (4, 5}, (5, 2}, {5, 3}, {5,5}), | (4,4}, (5,1}, (5, 2}, {5, 3}, {5,5}), (4,5}, (5, 1}, {5, 2}, {5, 3}, {5,5}))

arge output show less show more show all set size limit...

basisBottom = Ket @@@ Subsets[bottom, {5}]
Length[basisBottom]

56

Length[basis]
20349

rule = {
b[a ].c Ket =+ If[FreeQ[c, a], 0, Sort[c /. a » Sequence[]]],
bd[a ].c Ket » If[FreeQ[c, 2], Sort[Join[Ket[a], <]], O],
Dot[a , @] - 0};

basis[[1]]

{1, 2}, (1, 3}, (1, 4}, (1, 5}, (2, 1})
actionh = Table[h /. state» X //. rule, {X, basis}] r
hMatrix = CoefficientArrays[actionh, basis] [[2]]

SparseArray .".. Specified elements: 225202

=" Dimensions: {20 349, 20 348} . r
Colleotion t Family Typetace Size

All Fams PT Serif Caption Regular 13
MatrixPlot[hMatrix] Engiish Raloway Medium 9
Favorites Roboto Lignt 10
5000 10000 18000 20349 Reocently Used Roboto Condensed ExtraLignt 1"
1§ 1 Fixed Widgth Roboto Slab Semibold 12
\ Fun Savoyo LET Bola 13
Modern Shadows Into Light Tw Blaok -
POF SignPainter "
Tragitional Skia 24

- Web Snall Roundhand
5000} )

3
\ - 15000 Source Code Pro ’2

N

150% »
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-.".. Specified elements: 225 202

SparssArray | =" Dimensions: {20 348, 20 348)

MatrixPlot[hMatrix]

1 5000 10000 15000 20248

I‘.\l 11

5000+ . \ T | 5000

o .

10000 | . \,\ {10000

15000 | 15000

20348 | _ 20348
1 8000 10000 15000 20349

actionhBottom = Table[hBottom /. state +» X //. rule, (X, basisBottom}];

hMatrixBottom = CoefficientArrays[actionhBottom, basisBottom] [[2]]

I S f nts 1 2 o -
SparseArray . Specified elements: 326 Colleation  + Family Tynetace Size
Dimensions: {58, 56} All Fanta PT Serit Caption Regular 13

English Raloway Medium 9

Favorites Roboto Ligm 0

Recently Used Robeto Condensed ExtraLignt 1

Fiwed Wiath Roboto Slab Semibald 12

Fun Savoye LET Bola 13

Modern Shadows Inta Light Tw Black 1

POF SignPainter "

Tragiti Ski
agitional a 24
Web Snall Roundhand %
Source Code Pro
0
150% -
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15000

20349

1 5000 10000 15000

s - actionhBottom = Table[hBottom /. state - X //. rule, (X, basisBottom)}];

hMatrixBottom = CoefficientArrays [actionhBottom, basisBottom] [[2]]

. . [ § Specified elements: 326
arseArri
Sp!rsn,hrray: - Dimensicns: {88, 58}

hMatrixBottom // MatrixPlot
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Diagonalization of Bottom Corner - Starting Point

esystemBottom = Normal[hMatrixBottom] // Eigensystem;
esystemBottom[[1]]

{5.55218, -5.05949, 4.54145, 4.1225, -3.90234, 3.67066, 3.63159, -3.51263, -3.08507, 2.97131, -2.96561, 2.82078, 2.80671, 2.5243, 2.37145,
-2.366, 2.32121, -2.26437, 2.25392, -2.14222, 2.01227, 1.95908, -1.89604, -1.76071, -1.6565, -1.61984, 1.60939, 1.59309, 1.52732,

1.52445, -1.42776, 1.33957, -1.29464, 1.24339, 1.19584, 1.08594, 0.964793, -0.941969, -0.923316, -0.865122, -0.824175, 0.804653, 0.77696,
-0.676683, 0.645935, -0.532213, -0.612335, 0.481571, 0.45322, -0.451797, 0.341713, -0.335292, 0.223489, -0.0904178, -0.0682545, 0.00405307)

|
Colleotion t Family Typetace Size

All Fonts PT Serif Caption Regular 13
English Raloway Medium L]
Favorites Roboto Ligmt 10
Recently Used Roboto Condensed ExtraLignt "
Fised Wiath Reboto Slab Samibald 12
Fun Savoye LET Bold 13
Modern Shadows Into Light Ta Blaok 14
POF SignPainter 18
Traditional Skla "
Web Snoll Roundhand

Source Coda Pro

Pirsa: 18100029 Page 67/91



. 'F_%-._ .
. ‘h. .

Diagonalization of Bottom Corner - Starting Point

esystemBottom = Normal[hMatrixBottom] // Eigensystem;

- E@ = esystemBottom[[1]] // Sert // First
oupre -5.05949

esystemBottom([[2, 2]]

0.,0334995, 0471528, 0.0955061, -0.0934498, 0,07373%6, -0.0774657, 0.09

Qui174]w

0.0736942, -0.121785, 0.150997, 109835, 0.141503, -0.153981, 0.16798,
0.183241, 0.182713, -0,238776, 0.,240609, -0.161286, 0.238776, -0.141503,

©.0905912, 0.
0.9868352, -0,13928, 0,

0934498, 0.0605879, -0.0868352, 0.120487,

0.0955061,

0.118353, 0.
0.0605879, 0.

16128

121785, 0.0774657,

100913,

95912, -0.128263, 0.15
B.240609, 0.153981, 0,

9.153721, -0.120
6, -0.16798, 0,118353,
9.0736942,

3721, -0.121645,
121645,
9.183241, -0.150997,

182713, 9.

487,

0.0737396, 0.0471528

109835, 0.
, ©.0334995

9.100913, 0.13928,

128263,

0.0266892, -0.0384228, -0.0843937, -0.0915022, -0.0639845 0.066657, -0.088835, -0.121949, -0.165426, -0,1263Q7 _M ARIIANAAK
9.107088, -0.15175, -0.100446, -0.147211, -0,158321, -0.160409, -0,26484, -0,158321, -0,126397, -0,0892065, 1 4 - s+ 0
0.191555, -0.179371, -0.26537, -0,26484, -0.155404, -0.26537, -0,147211, -0.165426, -0.109987, -0.191555, -0 cuecsen  + _ Famty e —
0.0915022, -0.0466556, -0,0691392, -0.109987, -0,101036, -0,155404, -0,160409, -0,101036, -0,179371, -0, 1004.A!Ifoms PT Serif Caption  Reguiar 13
English Raloway Medium 9
0.0691392, -0.1267, -0.107088, -0.066657, ). 0843937, -0.0466556, -0.0892065, -0.0613908, -0.0639845, -0.0384rvorites Roboto Lignt 0
a.10 a 1387TE i I 0 A 3 A @ & Ao EE @ @99 1AESE ] A e - Recently Used Roboto Condensed  Extraligm "
9.101802, 0.138757, -0.224309, 0.124505, -0.187117, 9.163319, -0.0842055, 0.209977, -0.105287, 0.0213025, -0. L fiyeq wian fomete S0 s -
0.0609833, 0.012925, 199719, 0.0862138, 0.012925, 0.0213025, 0.179792, -0.180745, 0.0480269, -0.174174, 0.(™ SmESLET. o o 1
Modern Shagows Into Light Tw Black "
0.0609833, -0.105287, 0.0694102, 0.0480269, -0.114279, -0.0842055, 0.124505, -0.0573129, 0.0384071, 0.0654102 roF SignPainter m
Traditional Skia
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Source Code Pro :
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40} = n_"n 140
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1 20 40 56

Diagonalization of Bottom Corner - Starting Point

esystemBottom = Normal [hMatrixBottom] // Eigensystem;

EO = esystemBottom([[1]] // Sort // First
-5.05949

GSBottom = esystemBottom([[2, 2]]; (# very ugly!l!
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- E@ = esystemBottom[[1]] // Sort // First
ouir1)= -5.05949

GSBottom = esystemBottom([[2, 2]]; (» very uglyl! «)

GSBottom.basisBottom, basis|

basis
ou177= -0.0266892 (2, 1}, 21, (4,1}, (4,2 0.0384228 (2, 1}, (3,1}, (3, 2}, {4, 1}, (5, 1}
basisottom
©.0843937 (2, 1), (3,1}, (3,2, (4,1}, {5,2))-0.0915022 (2, 1:, (3,1}, (3,2}, (4,1}, (5,3 0.0639845 (2, 1}, (3,1}, (3,2}, (4,2}, (5,1
0.066657 (2, 11, (3,1}, {3, 2}, {4, 2}, (5,2 ©.088835 (2,1}, (3,1}, (3,2}, (4,2}, (5,3))-0.121949 (2,1, (3,1}, (3,2}, {5, 1}, (5,2
0.165426 (2, 1V, (3, 1}, {3, 2}, {5, 1}, (5,3 ©.126397 (2, 1}, (3,1}, (3,2}, (5,2}, (5, 3 9.0613908 (2, 1}, (3, 1}, (4, 1}, (4,2}, (5,1
0.107088 2,1, (3,1}, (4,1}, (4,2}, (5,2 0.15175 2,1, (3,1}, (4,1}, (4,2}, (5, 3} 0.100446 2,1, {3, 1}, (4,1}, (5,1}, (5,2
0.147211 2,1, {3, 1}, (4,1}, {5, 1}, (5,3 0,158321 2,1 3,1}, (4,1}, (5,2, (5, 3 0.,160409 2,1, (3,1, (4,2}, (5,1}, (5,2
0.26484 (2, 1, (3, 1), (4, 2}, {5, 1}, (5,3 ®.158321 {2, 1}, (3, 1), (4,2}, (5,2}, (5, 3 ©.126397 (2, 1}, {3, 1}, {5, 1}, (5, 2}, (5,3
0.0892065 (2, 1), (3,2}, (4,1, (4,2}, (5,1 ©.1267 (2, 1, (3, 2}, (4, 1}, (4,2}, (5,2 ®.191555 (2, 1), (3,2}, (4, 1}, (4,2}, {5, 3
©.179371 (2, 1}, (3, 2}, {4, 1}, (5,1}, (5,2 ©.26537 (2, 1), (3,2}, (4,1}, (5,1}, (5, 3 ©.26484 (2, 1, (3, 2}, {4, 1}, {5, 2}, (5, 3
0.155404 (2, 1}, (3,2}, {4, 2}, (5,1}, (5,2 0.26537 (2, 1}, (3,2}, (4,2}, (5,1}, (5, 3))-0.147211 (2, 1}, {3, 2}, {4, 2}, (5,2}, (5,3
©.165426 (2, 13, (3, 2}, {5, 1}, {5, 2}, (5, 3 ®.109987 (2, 1), (4,1}, (4,2}, (5,1}, (5,2))-0.191555 (2,1, (4,1}, (4,2}, {5, 1}, (5,3
0.15175 2,1, (4,1}, (4,2}, (5,2}, (5,3 0.088835 2,1, (4,1}, (5,1}, (5,2}, (5,3 0.0915022 (2,1}, (4, 2}, (5,1}, (5, 2}, (5, 3}
0.0466556 (3, 1), (3,2}, (4,1}, (4, 2), (5, 1 0.0691392 (3, 1), (3,2}, (4, 1}, (4,2}, (5,2 ©.109987 (3, 1:, (3,2}, (4,1}, (4,2}, (5, 3
0.101036 (3, 1., (3, 2}, {4, 1}, (5,1}, (5,2 ©.155404 (3,1}, (3,2, (4,1}, (5,1}, (5, 3 0.160409 (3, 1), (3,2, (4,1}, {5, 2}, (5, 3
0.101036 (3, 1}, (3, 2}, {4, 2}, {5, 1}, (5, 2 0.179371 (3, 1), {3, 2}, (4,2}, (5,1}, (5, 3))-0.100446 (3,
& . : . '- A Q
©.121949 (3, 1}, (3, 2}, {5, 1}, {5, 2}, {5, 3 ©.0691392 (3, 1}, {4, 1}, (4,2}, (5, 1}, (5, 2}) -0.1267 (3, 1 -
Colleation + Family Typeiace Size
0.107088 (3, 1}, (4, 1}, {4, 2}, {5, 2}, (5, 3 0.066657 (3, 1}, {4, 1}, (5,11, (5,2}, (5, 3)) -0.0843937 {3,mrm BT Sori Caption  Reguiar 1
N Engligh Raloway Medium 9
0.0466556 (3,21, (4,1}, (4,2}, (5,1}, (5,2 0.0892085 (3,2}, (4,1}, (4,2}, (5,1}, (5,3 0.0613908  (raverites Reboto Lignt 10
Recently Used Roboto Condansed EwtraLigm 1
©.0639845 (3, 2}, (4,1}, (5,1, (5, 2}, (5, 3 0.0384228 (3, 2., (4,2}, (5,1}, (5,2}, (5, 3 0.0266832  { Fixed Width fometo Sian p—— A
Fun Savoye LET Bol 3
Modern Shadows Into Light Tw Blaok "
POF SignPainter 8
Tragitional Skla 24
Web Snall Rourahand a8
Source Codo Pro .
150% »
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EQ = esystemBottom[[1]] // Sort // First
-5.05949

GSBottom = esystemBottom[[2, 2]]; (+ very ugly!l!l =)

vectorStart = Table([Coefficient[GSBottom.basisBottom, basis([j]]], {j, Length[basis]}]

{e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
a) @) E]! @! B! @, Gl @) @l @) B! @) @! @) @! @) ml 0l B! @) B! @) @l B) G! B) a! BI Bl 0) @! B) m) al @) al B, B) @) B) 3
0,0,0,0,0,0,0,0,0,0,90,0,0,0,0,0,90,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,90,0,0,0,0,0,0,80,0,
-0.0266892, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,0, 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 0}

arge output show less show more show all set size limit...

We now decompose vectorStart = sum c_n vector_n of the big system -> sum c_n vector_n exp(-i E_n t)

.

Colleotion + Family Typeface Size
All Fomts PT Serif Caption Regular 13
Engligh Raloway Medium 9
Favorites Roboto Ligm 10
Recently Used Robeto Condensed  ExtraLignt "
Fived Width Roboto Slab Semibald 12
Fun Savoye LET Bold 13
Modern Shadows Into Light Ta Blaok 14
POF SignPainter "™
Tragitional Skla 24
Waoo Snell Roundhand )

Source Code Pro

150% »
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(esystem = hMatrix // Normal // Eigensystem;) // AbsoluteTiming («» 20 minutes for five = 5; 10 seconds for five = 4 «)

{9.99779, Null}

evectors = esystem([[2]];
evalues = esystem([[1]];

evectors[[33] ]1I

{0.00209011, 0.00211582, 0.00486943, 0.0074794, 0.00563282, 0.00441255, 0.0109527, 0.0113761, 0.00177388, 0.0104447, 0.0112135, 0.00451961, 0.000312637,
.00525285, 0.00474753, 0.00117081, 0.000851314, 0.00721606, 0.00734856, 0.000495861, 0.00581188, 0.00678116, 0.00295712, 0.00563427, 0.00546206,
00171781, 0.00050337, 0.00773327, 0.00804637, 0.000285978, 0.00623781, 0.08737631, 0.00325187, 0.0105009, 0.0127992, 0.0118547, 0.0130843,
.0154807, 0.00543567, 0.0144569, 0.0156884, 0.00616134, 0.00985888, 0.0115311, 0.0161196, 0.0137163, 0.00591089, 0.0147469, 0.0161094,

00689142, 0.00323975, 0.0182788, 0.0181935, 0.00209981, 0.015318, 0.0177886, 0.00785861, 0.0166387, 0.0175005, 0.000495268, 0.0137355,

0164323, 0.00737417, 0.00743956, 0.00798245, 0.00502887, 0.005606, 0.00118646, 0.00883236, 0.00555407, 0.00472433, 0.00146784, 0.00688145,
.00856181, 0.00401354, 0.000776359, -0.000882318, -0.00060169, 0.00375613, 0.00664415, 0.00892633, 0.00549055, 0.00518694, 0.0149136,

014565, 0.0016804, 0.0141479, 0.0143858, 0.00543458, 0.0080512, 0.0108023, 0.00838315, 0.00530843, 0.0181325, 0.0173728, 0.00192187,

.0178675, 0.018207, 0.0073156, 0.00842666, 0.00882116, 0.00561765, 0.00901786, 0.0117058, -0.000481103, 0.0105413, 0.0102656, 0.00215711,
00607637, 0.00303725, 0.0204785, 0.0128409, -0.00430732, 0.0197622, 0.0136968, 0.00137064, 0.00267684, 0.0201282, 0.0151184, -0.00171695,
.0195347, 0.0160593, 0.00449189, 0.0131682, 0.00877923, -0.000678675, 0.0146903, 0.0126204, 0.00508662, 0.0147054, -0.0000990575, 0.00972086,
0118495, 0.00133663, -0.00325715, 0.0159067, 0.00785394, -0.00117584, 0.00239856, 0.0011228, 0.00130242, 0.0077829, 0.00145769, -0.00119262,
.00962803, 0.0089706, 0.00218753, 0.00110306, 0.0134301, 0.0139332, 0.000738513, 0.0110443, 0.0130861, 0.00581737, 0.0110594, 0.0120905,

0139046, 0.01565, 0.017031, 0.00563208, 0.0171097, 0.0169394, 0.00574151, 0.00922027, 0.0137272, 0.0165005, 0.0141059, 0.00663977, 0.0151461,
.0161098, 0.00633237, 0.0034289, 0.0173022, 0.0172555, 0.00214477, 0.0146056, 0.0169536, 0.00745623, 0.019831, 0.0212089, 0.000643621,

.0167805, 0.0203493, 0.00928517, 0.00607897, 0.00871898, 0.00441597, 0.00275332, -0.00153124, 0.0101475, 0.003¢

.00799662, 0.0103256, 0.00505305, -0.00144121, -0.00298999, -0.00202281, 8.0131332, 0.0191248, 0.0144721, 6.01 a r

0212462, 0.0211201, 0.00802691, 0.0155837, 0.0143661, 0.0202351, 0.0183561, 0.00785491, 0.0199539, 0.0223366, " " g s

¥ 4 Foms PT Serif Caption Regu ar 13

.0277956, 0.0285746, 0.0028802, 0.0240849, 0.028603, 0.0129483, 0.0206696, 0.0220804, 0.000618052, 0.0174263, @ Ewin Raloway Medum 9

Favorites Robote nt 0
.00553443, 0.0104093, 0.00480705, 0.00226146, -0.00174394, 0.0120437, 0.00324621, 0.00251982, -0.000477035, 0. (secony uses Robato Concensec ;-orm-gm "

Fived Wiath Raboto Siab Semibald 12

-0.00257484, -0.00379113, -0.00232703, 0.0018083, -0.00234955, 0.0109646, 0.00432338, -0.00971283, 0.0117685, 0, oot . -
0.00658571, 0.0120258, 0.00568171, -0.00186666, 0.0136978, 0.00580127, -0.0022132, 0.00482966, -0.00211061, -0.(*" e i 1
0.00388379, 0.000940513, 0.00761772, -0.00683779, 0.00539711, 0.00278187, -0.00518584, -0.0129072, 0.0104608, — Teuronw skis =
-0.00295154, -0.00564382, -0.000663627, 0.00452371, -0.00191471, -0.00459363, 0.00784133, 0.00143998, 0.0021301 e i
0.00163026, -0.00130318, -0.00295602, 0.00107352, 0.0015635, 0.00256821, 0.00466101, 0.00267246, -0.00292488, -0.0127583, 0.000779721,

-0.0106089, -0.0146145, -0.0072414, -0.00332722, -0.00836692, -0.0114773, -0.00588758, -0.00330742, 0.000790066, -0.00580402, -0.00864425,

M AREQRAQE M ATTAIERE M AMA1ITATIT M AMMESTIQTIE M AMITITAAE M ATRTIAA A AMEMATAD M AMRTASEAE M AMAMIIRITE A AAITIIMA M MTAERRA M MIIBIRT
150% »

(o]

e 0 ¢ 0 @ & @ 0 & 6 0 0 0 0 6 0 e O
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(esystem = hMatrix // Normal // Eigensystem;) // AbsoluteTiming (« 20 minutes for five = 5; 10 seconds for five = 4 «)
oueose {9.99779, Null}

o evectors = esystem([[2]];
evalues = esystem[[1]];

evectors[[33]].evectors[[34]]

Oug215= (0.00209011, 0.00211582, 0.00486943, 0.0074794, 0.00563282, 0.00441255, 0.0109527, 0.0113761, 0.00177388, 0.0104447, 0.0112135, 0.00451961, 0.000312637,
.00525285, ©.00474753, 0.00117081, 0.000851314, 0.00721606, 0.00734856, 0.000495861, 0.00581188, 0.00678116, 0.08295712, 0.00563427, 0.00546206,
00171781, 0.00050337, 0.00773327, 0.00804637, 0.000285978, 0.00623781, 0.00737631, 0.00325187, 0.0105009, 0.0127992, 0.0118547, 0.0130843,

0154807, 0.00543567, 0.0144569, 0.0156884, 0.00616134, 0.00985888, 0.0115311, 0.0161196, 0.0137163, 0.00591089, 0.0147469, 0.0161094,

.00689142, 0.00323975, 0.0182788, 0.0181935, 0.00209981, 0.015318, 0.0177886, D.00785861, 0.0166387, 0.0175005, 0.000495268, 0.0137355,

.0164323, 0.00737417, 0.00743956, 0.00798245, 0.00502887, 0.005606, 0.00118646, 0.00883236, 0.00555407, 0.00472433, 0.00146784, 0.00688145,

00856181, 0.00401354, 0.000776359, -0.000882318, -0.00060169, 0.00375613, 0.00664415, 0.00892633, 0.00549055, 0.00518694, 0.0149136,

.014565, 0.0016804, 0.0141479, 0.0143858, 0.00543458, 0.0080512, 0.0108023, 0.00838315, 0.00530843, 0.0181325, 0.0173728, 0.00192187,

0178675, 0.018207, 0.0073156, 0.00842666, 0.00882116, 0.00561765, 0.00901786, 0.0117058, -0.000481103, 0.0105413, 0.0102656, 0.00215711,

.00607637, ©.00303725, 0.0204785, 0.0128409, 0.00430732, 0.0197622, 0.0136968, 0.00137064, 0.00267684, 0.0201282, 0.0151184, ~0.00171695,

.0195347, 0.0160593, 0.00449189, 0.0131682, 0.00877923, -0.000678675, 0.0146903, 0.0126204, 0.00508662, 0.0147054, -0.0000930575, 0.00972086,
.0118495, 0.00133663, 0.00325715, 0.0159067, 0.00785394, 0.00117584, 0.00239856, 0.0011228, 0.00130242, 0.0077829, 0.00145769, 0.00119262,
00962803, 0.0089706, 0.00218753, 0.00110306, 0.0134301, 0.0139332, 0.000738513, 0.0110443, 0.0130861, 0.00581737, 0.0110594, 0.0120905,

.0139046, 0.01565, 0.017031, 0.00563208, 0.0171097, 0.0169394, 0,00574151, 0.00822027, 6.0137272, 0.0165005, 6.0141059, 0.00663977, 0.0151461,
.D161098, 0.00633237, 0.0034289, 0.0173022, 0.0172555, 0.00214477, 0.0146056, 0.0169536, 0.00745623, 0.019831, 0.0212089, 0.000643621,

0167805, 0.0203493, 0.00928517, 0.00607897, 0.00871858, 0.00441597, 0.00275332, -0.00153124, 0.0101475, 0.003¢ '
.00799662, 0.0103256, 0.00505305, -0.00144121, -0.00298999, -0.00202281, 0.0131332, 0.0191248, 0.0144721, 0.0
.9212462,6.0211201,0.9@802591,0.915583?,6.0143661,0.9202351,6.6183561,6.9@785491,0,6139539,@.@223366,~j:;:m - I:ﬂ:“mm J::' "““
.0277956, 0.0285746, 0.0028802, 0.0240849, 0.028603, 0.0129483, 0.0206636, 0.0220804, 0.000618052, 0.0174263, O/Ewkn Raloway Megum 9
00553443, 0.0104093, 0.00480705, 0.00226146, -0.00174394, 0.0120437, 0.00324621, 0.00291982, —0.000477035, O.(semmusa  fosersCondomod  Ervatign N
9.00257484, ©0.00379113, 0.00232703, 0.0018083, 0.00234955, 0.0109646, 0.00432338, 0.00971283, 0.0117685, B " B Senip 2

Fun Savoyo LET Boig "

0.00658571, 0.0120258, 0.00568171, -0.00186666, 0.0136978, 0.00580127, -0.0022132, 0.00482966, -0.00211061, —(-).I:::“" :m:‘“““"'“m‘““' *

0.00388379, 0.000940513, 0.00761772, ~0.00683779, 0.00539711, 0.00278187, 0.00518584, 0.0129072, 0.0104608, -|Tastors skia -
- 0.00295154, -0.00564382, -0.000663627, 0.00452371, -0.00191471, -0.00459363, 0.00784133, 0.00143998, 0.0021301 " it ®
©.00163026, -0.00130318, -0.00295602, 0.001687352, 0.0015635, 0.00256821, 0.00466101, 0.00267246, -0.00292488, -0.0127533, 0.000779721,

-0.0106099, -0.0146145, -0.0072414, -0.00332722, -0.00836692, 0.0114773, -0.00588758, -0.00330742, 0.000790066, -0.00580402, -0,00864425,

M AREQRAQR M ATITAIER M M13ITAM N AMAEQTIATNR A M117anE N MIKTIMAA N AREMIAMAG N ANTARENR A ARARMIINRITR N AAYTIIAA N ATAEREA M MIARIAET
| 150% »

o - [~ S m ! A o
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(esystem = hMatrix // Normal // Eigensystem;) // AbsoluteTiming (« 20 minutes for five = 5; 10 seconds for five = 4 «)

{9.99779, Null}

evectors = esystem([[2]];
evalues = esystem([[1]];

evectors[[33]].evectors[[33]]

.

vectorTO = vectorStart.= & /@ evectors;

vectorTO

[1.22351x10 °, 0.000808639, 3.05168 x 10 °, 0.00228645, -4.57737x10 %, 1.97687 x 10 °, 0.00158044, -0.000626715, 0.0000116042, -0.0000123814, -0.0000128806,
7.46937x 10 °, -0.0000107508, 0.015679, -0.000011629, 0.00135706, 0.0162849, -0.00738838, -0.00421072, -0.0277437, 0.0000103986, 3.60481x 10 °,
~1.8985x10 %, -0.0000158628, -0.0000168725, -7.58977x 10 °, -0.0000137308, 0.0000115493, -0.00205595, -0.0255597, 0.0000113955, 0.0235047,

-0.00998903, -6.26787 x 10 ©, -0.00825421, 0.00002646, 0.0126613, 0.00628508, -0.0126494, -0,0000391654, -0.0000341391, -0.0334357, -0.0000107291,

0.016291, 9.47019x 10 °, 0.0000102611, -0.024375, -3.70334x 10 %, -6.56301x 10 ', -0.0000120822, -0.00778558, -7.2141x 10 °, 6.35363x10 °,

-0.0267705, -5.27467x 10 °, 0.0181523, -0.00228021, 0.0129211, 0.00560511, -5.12681 x 10 °, 6.76793x 10 °, -0.0000106693, 0.000034405, 0.00488053,

0.0113162, 0.0000328236, 0.0124757, -0.0000126137, 0.0183649, 6.04191 x 10 *, -0.0182795, 0.0000111907, 4.63027 x 10 °, 1.85602x 10 °, 0.047319,
0.0000147904, -0.000018911, -0.0227262, -0.0000283644, -0,0000192238, 0.0194931, 0.0266864, 0.000026383, 0.0000221424, -0,0000266188,

0.0184025, 0.000025946, 0.024428, 0.0179084, -0.0000195442, -0.0000206883, -0.0135256, -3.61421x 10 ¢, -0.0000164147, -0.0167203, 8.97423 x 10 ',
~9.87486x 10 °, 0,0252038, -0.0324867, 0.0000247621, 5.38886x 10 °, 0.0207123, -0.00816966, -0.0000118087, 3.01535x 10 °, -0,0331444,
~0.0111569, 8.49783x10 7, 0.00175912, -0.0000443939, 0.0805992, -0.0640916, 7.31993x 10 °, -0.0000124754, -2.42¢ -

_0.0101657, 0.0351028, -0.0000268282, 0.0269412, 7.22156 x 10 ©, 0.00894694, 0.0000178178, -0.0381731, -0.0300232 -
-0.0000117888, 0.0111637, 0.0000268852, -0.0184493, 6.62221 x 10 °, -0.00839702, -0.0000223771, -3.36271 x 10 &, _( Coleston  +  Famiy Taetace e
8.32263x10 %, -0.0769332, 0.0000148809, 0.00462588, 9.414 x 10 °, 6.0000328976, -0.0742913, -0.0491696, -0.0000 It e s
~3.19915x 10 °, 0.0193267, -0.0676435, 0.0000108915, 5.76956 x 10 °, 0.000013614, 0.0145707, -9.2769x 10 °, -0.048¢"""" s it N
-1.78134x10°%, 1.18145x 10 °, 0.0753724, -0.00855731, 0.0233574, 7.89819 x 10 °, -0.00390303, 0.0000554332, -0.00(" =" B e :
-0.0930202, 0.0000232586, 0.00847781, 7.99738 x 10 °, 7.81415x 10 °, 0.0171424, 0.0183478, 0.0000685035, -0.000857 vose Shasws i Lighi T Black -
-0.0254996, 0.0553878, -0.0000320629, 0.0000263716, 0.0000266934, 0.030552, -0.0000171183, 0.0169145, -0.064715 s i .
-0.0549408, -0.000010831, -0.0247845, 0.0000586193, 0.0000444343, 0.0000481379, -0.0000326603, 0.0136362, 0.085"" %

Source Code Pro

0.0174254, 0,.0000135428, -6.13601x 10 °, 0.0000278409, -0.155823, -0.0000360533, 2.9709x 10 °, -0.00739347, -0.0727362, -0.0000302021,
©.0171817, 2.96806x 10 °, 5.39711x10 °, -2.73486 x 10 ®, 0.0567965, 0.0000189282, -0.0848258, 0.000024697, 0.000037463, -0.0467321, -0.0155766,
-9.4075x10°°. -0.0000323875. -0.0000410392. -4,2708x 10 °. -0.0137356. -0.042928. 0.0000474469. -5.76316x 10 °. 0.0000210136. 0.000052061.

150% »
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evectors[[33]].evectors[[33]]

1.

vectorTO = vectorStart.z & /@ evectors;
(el

V[t ] i=v[t] = (vectorTO Exp[I ¢ evalues]) .evectors

Pirsa: 18100029
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evectors[[33]].evectors[[33]]

1.

vectorTO = vectorStart.z & /@ evectors;

{cl, c2, c3) Exp[I {E1, E2, E3} t]

{cle;Elt, Cze;EZt’ cze;ﬂt}

{cl, c2, c3)}.Exp[I (E1, E2, E3} t]

if1t iE2t iE3t

cle +c2e +c3e

v[t ] :=v[t] = (vectorTO Exp[I ¢ evalues]) .evectors

Colleotion t Family Typetace Size
All Fonta PT Serit Caption Regular 13
English Raloway Medium )
Favorites Roboto Ligm 0
Reoently Used Roboto Condonsed  Extralight "
Fixed Width Roboto Slab Semibold 12
Fun Savoye LET Bola 13
Modern Shadows Inta Light Tw Blaok 14
POF SignPainter 1
Traditional Skin )

24
Web Snell Roundhand .
Source Code Pro )
an.
150% >
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evectors[[33]].evectors[[33]]

1.

vectorTO = vectorStart.z & /@ evectors;

{cl, c2, c3) Exp[I {El1, E2, E3} t]

{cle*™", c2e' ", c3e° ")

v[t ] :=v[t] = (vectorTO Exp[I ¢ evalues]) .evectors;

v[40] // Abs // ListPlot =, PlotRange >

ALl
Full

Automatic

Pirsa: 18100029
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Diagonalization of Bottom Corner - Starting Point

1gensystem;

Normal[hMatrixBottom] // E

esystemBottom

EO = esystemBottom[[1]] // Sort // First

-5.05949

*)

esystemBottom[[2, 2]]; (» very uglyl!

GSBottom

[GSBottom.basisBottom, basis[([j]]], {J, Length[basis]}]

ient

= Table[Coeffici

vectorStart

{¢,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,

e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,

©,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,

e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

©,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,08,0,0,0,0,0,0,0,0,0,0,0,0,0,8,
0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,6,0,0,0,0,0,0,0,0,0,0,0,6,0,80,
9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,06,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

©,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,8,0,

e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,

9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,0,

e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,

9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,9,0,0,0,0,"

0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,80,
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evectors = esystem([[2]];
evalues = esystem([[1]];

evectors[[33]].evectors[[33]]

1.

vectorTO = vectorStart.= & /@ evectors;

{cl, c2, c3} Exp[I {E1, E2, E3} t]

{clextlt, czextzt, cseLtJt}

wit ] t=w[t] = (vectorTO Exp[I ¢ evalues]) .evectors;

w[3] // Abs // ListPlot [z, PlotRange » All] &
u.uai

nns}

um} o

0.02}

Compute an observable by time evolution

d@ Sum[ Exp[-/ kx xn - /'ky ny] bd[{nx, ny}].b[{nx, ny}], {nx, ny}]
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3000
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Compute an observable by time evolution

goal = Sum[Sum[Eir??C;

1

{(ny, 0, five -1)]

0
Exp[-zrrI {erased([[]]] - erased[[k]]}.{g,

ny
five

}] bd[erased[[j]]].b[erased[[k]]].state, {], Length[erased]}, {k, Length[erased])],

{; bd({1, 2}].b((1, 2}].state + ; bd({1, 2}].b((3, 2}].state+ ;bd[{l, 2)1.b({4, 2}].state + ;bd[{l, 2}].b((5, 2}].state + ; bd({1, 3}].b[{1, 3}].state +

bd({1,
bd[{1,
bd({2,
bd[{2,
bd[{3,
bd( (3,
bd[{3,
bd[{3,
bd( {4,
bd[ {4,
bd[ {4,
bd[{5,

bd[ {5,

RiHFWUMEFEWMEWOBMEFGONEFEWOMFEFOEFEGOEFEGORFEAEGORFERGOGRFEGOGEREOGORE

Pirsa: 18100029

3}].

4}].

1}]
4}]
1}]
2}

3}

4}].

1]

4]

1}]

2}

b({2,

b({3,

b({5,
b1,
b3,
.b((4,

b5,

bi{4,

bL(5,
b5,
bl{4,
bli{5,

b5,

3}].

4}]

1j}].

4)].

1)

state +

.state +

state +

state +

.state +
.state +
'.st?te+
.state +
.state +
.state +
.state +
.State +

.state +

i WMEFEWMEWOBEGOEFEWOBMEFEOFEGOGEDEFEGOD FEGORFEODRFEGORE

bd((1, 3}].b[(3, 3}).state +

bd[ ({1,
bd({2,
bd( (2,
bd[ (3,
bd( (3,
bd[ ({3,
bd[{4,
bd| (4,
bd[ {4,
bd( ({5,
bd( (5,

bd[{5,

4}]

31

4}
1}]

2}]

1]
2}

3}

b4,
b1,
-b(2,
.b[{4,
.b({(5,
bl{1,
-bli2,
-b(1,
b1,
b2,
b1,

b1,

4}]

3}].

4}

1j}].

2)].

4}]

.state +

state +

.state +

.state +

.state +

.state +

state +

state +

.state +

| .state +

.state +

.state +

M WUMEFEWMEWOBMEGOEFEWOLEFEGOEFEGOGEDEFEOFEGRFEGODEFEGORFE

bd({1, 3}].

bd[{2,
bd[{2,
bd[{2,
bd[{3,
bd( (3,
bd[{3,
bd[ {4,
bd| (4,
bd[ {4,
bd[ {5,
bd[ {5,

bd[{5,

1}]

3]

1}]
2}
4}]
1}]
2}]

3}

b({(5, 3}].state +

b2,
b2,
-b((3,
b5,
-bl(1,
b2,
.b({3,
b3,
b2,
-b({3,
b((3,

b2,

1}]

3}].

4}

1}]

.state +

state +

.state +

.state +

| .state +

.state +

.state +

.state +

| .state +

.state +

.state +

.state +

MiHFWMEWMEWBMEGMEFEWMEOEFEGOGEFEOLEFEGOD FEWGOREODRFEGORE

bd( {1, 4}].b[{1, 4}]|.state +

bd[{2,
bd[{2,
bd[{2,
bd[{3,
bd( (3,
bd[{3,
bd ({4,
bd ({4,
bd ({4,
bd([ {5,
bd([ {5,

bd[ {5,

1}]

3}]

1}]

b3,
b3,
.b((4,
b1,
b2,
bL(3,
.bl{4,
b4,
b3,
-b{4,
.b({4,

b3,

1}].state +
3}].state +
4})).state +
2}].state +
3}].state +
4} ].state +

1l}].state +
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Modern
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bd((1, 4}].b[(2, 4} .state +
bd({2, 1}].b[{4, 1}].state +
bd({2, 3}].b[{(5, 3}].state +
bd({3, 1}].b[{2, 1}].state +
bd({3, 2}].b[{3, 2} .state +

bd( {3, 3}].b([(3, 3}].state +
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Compute an observable by time evolution

1 ny
oal = Sum|Sum| ———— e
& [ [ 5 five

- ] - k .
ssfive Exp[ 2n1{erased[[]]] -erased[[k]]} {

}] bd(erased[[j]]].b[erased[[k]]].state, {j, Length[erased]}, {k, Length[erased] )] ’
(ny, 8, five-1)| [(11];
actionGoal = Table[goal /. state » X //. rule, (X, basis}];

GoalMatrix = CoefficientArrays(actionGoal, basis]
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Compute an observable by time evolution

goal:Sum[Sum[ Exp[—erI {erased([[]]] «erased[[k]]}.{ 1
5 five

- }] bd(erased([[j]]].b[erased[[k]]].state, {J, Length[erased]}, {k, Length[erased] )] .
5« five

(ny, 8, five-1)| [([11];
actionGoal = Table[goal /. state » X //. rule, (X, basis}];

GoalMatrix = CoefficientArrays(actionGoal, basis][[2]];

Conjugate[v[t]].GoalMatrix

I

Colleotion t Family Typeface Size
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Compute an observable by time evolution

0
) L ]] bd[erased[[j]]].b[erased[[k]]].state, {], Length[erased]}, {k, Length[erased])],

goal = 5um[5um[; 5 five

- ] - k .
52 five Exp[ 2n1{erased([[]]] -erased[[k]]} {

(ny, 8, five-1)| [([11];
actionGoal = Table[goal /. state » X //. rule, (X, basis}];

GoalMatrix = CoefficientArrays[actionGoal, basis][[2]];

table = Monitor[Table[{t, Cunjugate[vd[}:]] .GoalMatrix.v([t]}, {t, ©, 100, 1/2}], t]

I
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2

77
2

181

185

189
2’

1.57217&1.1}, {94, 1.69 - 5.20417x 10 ¥ 1}, { 2

1983 195

, 1.65351 + 6.93889 x 10 ¢ 1}, {88, 1.65331 - 1.73472x 10 ** i}, {l_, 1.63747 - 1.38778x 10 %7 1}, {89, 1.61934 - 1.73472x10 * i},
, 1.612 - 8.67362x 10 '8 i}, {90, 1.61942 - 2.60209x10 '7 1}, { “5» 1.62442 + 6.93889 x 10 8 1}, {91, 1.61654 - 1.99493x10 '" i},
ST, 1.61085 - 4.33681 x 10 '® 1}, {92, 1.61945 + 3.46945x 10 ¥ 1}, {T' 1.63243 + 1.73472x 10 V7 1}, {93, 1.64953 - 2.60209x 10 ¥ i},

1.6972 + 1.73472 x 10 ¢ i}, (95, 1.69173 +0. 1}, { o 167197 - 1.73472x10 % i},

{96, 1.64391 + 0.1}, { -5 » 1.6228 - 9.54098 x 10 1 i}, {97, 1.6181 - 2.25514x 10 V" 1}, {_2_, 1.61873 + 2.08167x 10 %7 1}, {98, 1.61578 - 8.67362x 10 ¥ i},

7 + -
{J‘g_, 1.6188 + 1.47451 x 10 V7 i}, {99, 1.62462 - 3.46945x 10 ' i}, {12;9’ 1.62497 - 1.30104 x 10 1}, {100, 1.62517 - @. 1}}

experiment = Chop[table] // ListPlot
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Computation by micro

EO
-5.05949

evalues

(10.0942, -9.85756, 9.63633, -9.40325, 9.00448, 8.97207, -8.78115, -8.75409, 8.73469, 8.55699, 8.52569, 8.4965, 8.4942, -8.47602, 8.36745, -8.32552,
-8.28106, -8.27546, -8.26613, -8.0971, 8.07275, 8.0641, 7.98195, 7.95713, 7.92173, 7.90367, 7.87816, 7.86077, -7.83733, -7.82441, 7.77218,
-7.74127, -7.7176, 7.70766, -7.69422, 7.66977, -7.65466, -7.64933, -7.62934, 7.58836, 7.54987, -7.51692, 7.47078, -7.45321, 7.44695, 7.42132,
~7.40833, 7.38638, 7.33857, 7.32963, -7.32407, 7.30756, 7.30375, -7.29568, 7.28335, -7.22802, -7.2093, -7.19754, -7.16503, 7.16496, 7.15587,
7.10457, 7.10002, -7.09859, -7.08775, 7.06059, -7.05089, 7.0415, -7.03398, 7.01803, -7.00652, 6.97083, 6.95127, 6.92974, -6.91755, 6.90663,
6.90086, -6.89006, 6.88359, 6.86073, -6.85691, -6.84707, 6.82988, 6.81063, 6.80456, -6.78454, 6,78088, -6.77588, -A 7R31 & 74217 A 73933

-6.71691, 6.71258, 6.71132, -6.70318, 6.69365, 6.6867, -6.66971, -6.66755, 6.66506, 6.64952, -6.64792, -6.6336, - r

_6.57738, 6.55636, -6.54929, 6.54659, -6.54149, -6.52471, 6.51425, 6.50892, 6.50627, 6.50366, -6.48721, -6.48198 .. = e -
-6.46134, 6.45559, -6.44153, -6.42518, 6.41689, 6.40716, 6.39732, -6.39383, 6.38549, -6.37064, 6.36297, -6.35883) " oS Copen, e ,
6.33305, 6.31446, -6.29074, 6.28935, -6.28532, 6.26349, 6.25771, -6.25043, -6.24634, 6.24523, 6.23503, -6.22605 ,rmorw ats Lign i
6.20638, 6.19867, 6.19436, -6.18603, 6.17826, -6.1767, 6.16326, -6.15199, 6.1491, 6.14492, —6.14244, —6.14182, — rrmmr moeman 0 et Z
6.11278, -6.10745, 6.09962, -6.09242, 6.08018, -6.07816, 6.0768, 6.06571, -6.06414, -6.03614, 6.02589, 6.02031, | e e 3
-5.98196, 5.97526, 5.96915, 5.95654, -5.95606, 5.94653, -5.94234, -5.942, 5.93, 5.92794, -5.92548, 5.9252, -5.90°F Saneainer m
5.89117, -5.89112, -5.89165, 5.86915, -5.86436, 5.86112, 5.85533, 5.85198, -5.84776, 5.83999, 5.83964, -5.83725,u S “
5.8202, 5.81343, 5.80977, -5.80239, 5.78809, -5.78735, 5.78533, 5.77612, -5.76264, -5.75995, 5.75849, 5.74433, 5.rwazoy oerimgry mo:rcozos to

-5.71123, 5.70573, 5.69738, 5.69324, 5.69205, -5.68606, -5.56739, 5.67359, -5.66943, 5.66936, 5.6665, 5.66132, 5.65885, -5.65751, -5.64898,
-5.64626, 5.63492, 5.62675, -5.62611, 5.61911, 5.61888, -5.61837, 5.61104, -5.60829, 5.59949, 5.59507, -5.59442, -5.5874, 5.58062, 5.57653,

150% »
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Computation by micro

EO®
&§=1/10;

-5.05949

positions = Position[evalues, _?(E0@-&6< = <E0+&&)] // Flatten

(358, 360, 362, 364, 369, 370, 371, 373, 375, 378, 381, 382, 384, 385, 387, 389, 392, 393, 396, 397, 401, 402, 404, 408, 409, 410}

VectorMicrocanonicalEnsemble = Table[evectors([[]]], (], pesitions}];

VectorMicrocanonicalEnsemble // Dimensions

(26, 4368}
1 Colleotion
micro = Sum[Conjugate[y] .GoalMatrix.i, {¥, VectorMicrocanonicalEnsemble}] Al Fonts
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EO
&=1/10;

-5.05949

positions = Position[evalues, ?(E@-&<=2<E0+&&)] // Flatten

(358, 360, 362, 364, 369, 370, 371, 373, 375, 378, 381, 382, 384, 385, 387, 389, 392, 393, 396, 397, 401, 402, 404, 408, 409, 410}

VectorMicrocanonicalEnsemble = Table[evectors[[i]], {i, positions}];

VectorMicrocanonicalEnsemble // Dimensions

(26, 4368)

1
micro = — Sum[Conjugate[y] .GoalMatrix.u, {¥, VectorMicrocanonicalEnsemble}];
Length[positions]

theory = Plot[micro, {(t, 0, 100}];

Comparison
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theory = Plot[micro, (t, 0, 100}];

Comparison
Show[theory, experiment]

10}

05/

20 40 60 80 100

ETH working :-)
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ETH. Quantum Hardcore Bosons Thermalization

Lattice and H

five = 4;
fivel= 5;

(start = Table[({i, 7}, {7, 5}, {J, five}] // Flatten[#z, 1] &) // ListPlot[#, PlotStyle » PointS$ize[0.02]] &;

(erased = start /. {{1, 1} » Sequence([], {2, 2} -+ Sequence[], {4, 3} » Sequence[], {5, 4} - Sequence[]}) // ListPlot[=, PlotStyle » PointSize[0.02]] &

5@ ®
d‘. L
ie ®
218

1 LJ

(bottom = erased /. {7_, 7 } =» Sequence(] /; 7<j+1) // ListPlot[#, PlotStyle » PointSize(0.02]] &;
links = f @@@ Subsets[erased, {(2}] /. f[a , b ] =» Sequence([] /; Norm[a - b] # 1;

linksBottom = f @@@ Subsets [bottom, (2}] /. f[a , & ] = Sequence[] /; Norm[a - b] # 1;

J=1;U=0.1;

h=links /. f[(7_, 7. 1= -Jbd[7].b[J].state-Jbd[j].b[7].S5tate+Ubd[7].b[7].bd[J].b[J].State // Total;

Colleation

All Fopta
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Fived Width
Fun

Modern

POF
Tragitional
Web

hBottom = LinksBottom /. f[7 , j ] = -Jbd[7].b[j].state-Jbd[j].b[7].state+Ubd[7].b[7].bd[/j].b[J].state // Total;
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54 = 17 340;

posl = Position[evalues, _? (EO-&81< ~ <E0+&81&)] // Flatten
pos2 = Position[evalues, ? (E0-62< = <EO+62&)] // Flatten
pos3 = Position[evalues, _? (EO-83 < ~ <EO+&83&)] // Flatten
pos4 = Position[evalues, 7 (EO -84 < =2 <EO+64&)] // Flatten

(2227, 2230, 2231, 2234, 2238, 2240, 2241, 2243, 2244, 2245, 2248, 2251, 2253, 2256, 2258, 2262, 2263, 2265, 2266, 2268, 2270, 2271, 2274, 2276, 2277,
2280, 2282, 2283, 2286, 2287, 2289, 2291, 2294, 2295, 2297, 2300, 2301, 2305, 2306, 2309, 2313, 2315, 2316, 2318, 2320, 2323, 2324, 2326, 2328,
2330, 2333, 2335, 2337, 2338, 2340, 2342, 2345, 2348, 2350, 2351, 2353, 2355, 2356, 2358, 2359, 2362, 2365, 2367, 2370, 2371, 2373, 2375, 2377,
2379, 2382, 2385, 2386, 2388, 2391, 2394, 2396, 2397, 2399, 2401, 2403, 2405, 2407, 2411, 2413, 2414, 2415, 2418, 2421, 2423, 2425, 2427,

2428, 2429, 2432, 2435, 2438, 2439, 2441, 2442, 2444, 2447, 2448, 2450, 2453, 2455, 2457, 2458, 2461, 2463, 2466, 3469, 2471, 2473, 2476,

2479, 2481, 2483, 2485, 2486, 2489, 2490, 2492, 2493, 2496, 2497, 2500, 2501, 2505, 2506, 2507, 2510, 2512, 2515, 2517, 2519, 2520, 2523}

{2297, 2300, 2301, 2305, 2306, 2309, 2313, 2315, 2316, 2318, 2320, 2323, 2324, 2326, 2328, 2330, 2333, 2335, 2337, 2338, 2340, 2342, 2345, 2348, 2350,
2351, 2353, 2355, 2356, 2358, 2359, 2362, 2365, 2367, 2370, 2371, 2373, 2375, 2377, 2379, 2382, 2385, 2386, 2388, 2391, 2394, 2396, 2397,
2399, 2401, 2403, 2405, 2407, 2411, 2413, 2414, 2415, 2418, 2421, 2423, 2425, 2427, 2428, 2429, 2432, 2435, 2438, 2439, 2441, 2442, 2444}

(2323, 2324, 2326, 2328, 2330, 2333, 2335, 2337, 2338, 2340, 2342, 2345, 2348, 2350, 2351, 2353, 2355, 2356, 2358, 2359, 2362, 2365, 2367, 2370, 2371,
2373, 2375, 2377, 2379, 2382, 2385, 2386, 2388, 2391, 2394, 2396, 2397, 2399, 2401, 2403, 2405, 2407, 2411, 2413, 2414, 2415, 2418, 2421}

{2335, 2337, 2338, 2340, 2342, 2345, 2348, 2350, 2351, 2353, 2355, 2356, 2358, 2359, 2362, 2365, 2367,
2370, 2371, 2373, 2375, 2377, 2379, 2382, 2385, 2386, 2388, 2391, 2394, 2396, 2397, 2399, 2401, 2403, 2405, 2407}

VectorsEnsemblel = Table[evectors[Jj], {J, posl}];
VectorsEnsemble2 = Table[evectors[ill, {i, pos2}];
VectorsEnsemble3 = Table[evectors([Jj], {J, Pes3}]; .
VectorsEnsemble4 = Table[evectors[ill, {i, pos4}];

Colleation t Family Typetace Bize
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1 Flwed Wiath Roboto Slab Semibold 12
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micro4 = ——————— Sum[Conjugate[X].GoalMatrix.X, {X, VectorsEnsemble4}];
Length[pos4]
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