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3D Topological Phases
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3D Topological Phases
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Compactification
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3D Toric Code
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3D Toric Code
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Cubic Code

X X1
# &
X[ ——1II
H - - z XX IX
€ ‘\'1/

............
e M ssfi s e Ml M

40 60 80 100

k :]og 90 on LxtxlL ‘l'oras, from HoaaWw'y Yhesis.

Z1

17

! 4

17

/ .

L4

IT

Z1

z2Z

17

ZI

AT - I S T

400 600

L

k=¢ L
{L"L"LJ I_:'L'

pa iV 7 r°

Y .—

RN

, -—pl e

o— 7 -’-—o’
@

L=2 +1



Compactifying Cubic Code

//'E Lz €o0 @NCLy)

. Ly o N ((Toric code )

Ly=os




Compactifying Cubic Code

//'E Lz €o0 @NCLy)

. Ly o N ((Toric code )

Ly=os

-l'of""’J"““ %ﬁvlcmcu'l' &hpj -



Compactifying Cubic Code

//'E Lz €o0 @NCLy)

. Ly o N ((Toric code )

Ly=os

To,»o'oj'»a‘ %‘l‘avlcmcu'l' 6'\"“[’3 -~ ZLZ



Compactifying Cubic Code

S ) Lg<es ®NCLy)
. Ly o N ((Toric code ) ‘
Ly=os

To,»o'oj'»a‘ %‘l‘avlcmcu'l' 6'\"“[’3 -~ ZLZ

7#5#:"3 oferebor pairs = ‘_'_:i:.{:__:

DRLAEIPCNE |
o‘o" [



Compactifying Cubic Code

S ) Lg<es ®NCLy)
. Ly o N ((Toric code ) ‘
Ly=os

To,»o'oj'»a‘ %‘l‘avlcmcu'l' 6'\"“[’3 -~ ZLZ

7# S‘h‘llb Orenhr Pa,'rs - 2 L, ) )=o
» 2(L-2"") , i#e
for L_Z: A 3 P

o I)olc -
:_'_L‘_]_.__’
DRLAEIPCNE |

o‘o" [



Compactifying Cubic Code

S A Lz ®NCLy)
. Ly o N ((Toric code ) ‘
Ly=os

To,»o'oj'»a‘ %‘l‘avlcmcu'l' 6'\"“[’3 -~ ZLZ

7# S‘h‘llb Orenhr Pa"f‘S - 2 L, ) )=o
» 2(L-2"") , i#e
for L_Z: A 3 P




Compactifying Cubic Code
How match GSD on 3D frus 7



Compactifying Cubic Code

How +o Ma{*(k G‘SD on 3| hm;?

Twisteh b.c. fom noitrivie( action of Frmmslation

—_ == =

ink-OTx



Compactifying Cubic Code

O; @ 2 4 2

A

30



Compactifying Cubic Code
O; @ 2 4 2

4 126 16

126

30

60



Compactifying Cubic Code
O; @ 2 4 2
4 126 16

682 3 2730

126

252

30

60

30



Compactifying Cubic Code

682

32

126

4

126

510

1364

16

2730

252

126

252

19418

30

60

30

120



Compactifying Cubic Code

S A Lz ®@NCLY)
P N ((Toric code ) ‘

Ly: o
Ly=os

To,»o'oj'»a‘ %‘l‘avlcmcu'l' 6'\"“[’3 -~ ZLZ

<

T~ W)uc‘(-[?

7#515‘:"3 Oren'hr pairs = 2 L, , J=o / '
20L,-2"") | te &

e L,=237p



Spurious Topological Entanglement Entropy
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Spurious Topological Entanglement Entropy
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Cluster State
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Deformed Cluster State
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In Summary

ﬁ’ &Mpa(,h’-ﬁca'ﬁ‘on rrov:o(LS useful info. on 3D TOs,
P“rh("“ﬁ"'j fractn models.

* Comfad’i'fpinj Cubic code l3'l€.lol$ N ']'W\;'L code 'aje/y's

+ Surpr:scs: Ehriched l’j 'h‘ansla'f‘ion SDW'.

Suhsjsfem SJM. X Srur‘ious TEE.



