
kituel model

① TopO QC ② 有⼀定纠错能⼒⇒ motrvation 1995
,

a kitvel
③ kitaed model ,hamitvonian

kiiaed - Hersenbergmoded

motrvation , a - Rull 3 )

④ EntangtementEntropys tateyory theory
Levin - Wenmoded

krtael modd (初步)
⽬的 : 刁解其基本特点

①Torie- colemodel

H = ⼀号 As ⼀号 Bp As = 花 s

σju

∵
s ; steer Bp = 茹 σz

。 p ; plaprette
Tnz = - EJc

坐标在Bonel
012个相同点 (j )
冖

基本性质
,
[ AS

,
A 5 ] = [ Bp , Bp > ] = [As

, Bp ] = 0

As =Ast
,

Bs = Bp +
推⼴到 V 结构

Az = Bp
=

1 .

☆ As = 苦 Bβ= J

所有算⼦对易,
(

{仅 B限 2 dJ
(所有 j 计算 2次 )



ωf0 (严格可解了求解 →困难 ⇒

l 性简并
aym ⼀般少量

,
如平移

E
0 ,EentrtbedQ

Torie

③ lEsDegeneray 3Tpo有关
{
A ,

⾃何
②CA 3 , H] = [ Bn ,

HJ =

OB对易 eg .

TRD 147和 tlb)

las > ⇒ As
, Bp

,
H 共洞本征态

2NP NXN , ② 4
N

12 = 2N 2 点⾃度了s Hitbent paue 2

周期性边界条件 IN- 2rel 220
- z

⑪

4重简并
,

Eg = 2Pxl
- 2 N=xX )

= - 4 N2 令 As = Bp = 1
,

As : I 7 - I E
,

- E0 ~ 2
. gopped .

les ⇒projeetor 写不出来构造出来

(47 哥LBP ] ☆(EAs ) bY(0为基态 )

Bpl 6) = 6>

BP (HBr ] = 期= ⽐ Bp,

体现⼏何性质 1 Ropo性质Degeneroy

E
loop π . ( )

=xxLF
o-scontractibte

Ʃ

not contractibte [ O , 1 } X {0 , } ⇒ 4 .



n(何 oop fontraitibte 周期快边界条件

hert -

.

J⑥ ntmpinnaiheims
=la

⑥ :=
期点,戴① 物理上 oop Trivrial

② 两种 loop 为何不同
lsla>= a)

代数 : lslsi (], lps

⼀

: 不能写成期 ,
As 相乘的形式

⼀个饺点

loop 意义 ⇒ Wilsonoop
geometry phase

πσj = eil eizo = 1 → φ= 0
,

⼤

0
. n φ= 4

, t 42 mod 2 .

→φ= 0 ,

1

重简并
,

笔= 0
. 1

Ir gauge theoryIrning nuchel

e
- β J三 r -

rjiinlpz现了
= Tr [1 -βJ室 i

;σ :0 j +) 》 ☆:ri β - … ]
,

4 阶

机 ☆ 5 。忙孙阶
= O

θ



kitaethoneycomb atrie

H = - JuƩ 图^σjn
”

-

Jy 2 σi 4jY Wb =σ ,

E
σ
2Yg= 54

"

σ5
"
σ
0

z

Jz 之图Ergzijs
① WP = Up

+ Wilion loop
② Wp

'

= J geometny phose .

③ B , Wp 'I J = O 012个公点

④ [ Wn , H ] = O

σ
u
= ibrc b

,

c majorand termion

σ y = iblc { riri
= - ririiti

ri
“

= 1
σ
z
= ibEc

jujn = ib
"

cibuc

= (t 2)babucc J

σupYσ z = i γEr = iD

⼆之 bucibcibEc

bebYb = c约束⼆之

。r ,^=

ihiijσjEJRE = BjCjibkj
⼆ bbcjCk.

Oσju σin = b
;rbirCj {

.

Wp =π UjR ,



H =eg⼀点 rteisiA⽐ cili H =靠Aij
串

⼆⼀誉 tei
θ ir
(iCi Aij = 2 iab 站 b名

☆
Wen RVB [ btby , H ] = 0

,

⼆誉Uijlitci

对 as
, Aij = J α ⇒ bibi * =1

H = 4 三 α liG 等
aacul " ll ,t

Hq = (篮。 ]
fg = JztJueiqpa "tJyei

Ju

、
(
← gaphesh .

\

可

V EY
gapped


