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Part | (Wed 07/12: about 1 ~ 13 hour):
Based on arXiv 1602.05951 and 1612.09298.
(w/ Putrov, Wen, Yau)

Part Il (Wed 07/19: about 1 ~ 13 hour):
Based on arXiv 1705.06728.
(w/ Wen, Witten)

p.s. My Office is at 4F B04 IPMU.
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Part |

Braiding Statistics/Link Invariants of
Quantum Matter in 2+1 and 3+1D

Based on arXiv 1602.05951 and 1612.09298.

(w/ Putrov, Wen, Yau)

Statistics/Link Invariants of Quantum Matter & New Topological Boundary Conditions

4



Elementary Particles
and the Laws of Physics

Richard P. Feynman & Steven Weinberg
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Key Messages :

1. In 2+1D, particle(worldline)-particle braiding. In 3+1D, more
than particle-string and two string(worldsheet) braidings,
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Why do we need a multi-string braiding process?

e i. Two string braiding
cannot capture much (no
more than particle-loop
braiding). No link in 341D.
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Why do we need a multi-string braiding process?

e i. Two string braiding
cannot capture much (no
more than particle-loop
braiding). No link in 341D.

e ii. Dimensional reduction 341D — 2+1D picture:
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Why do we need a multi-string braiding process?

e i. Two string braiding
cannot capture much (no
more than particle-loop
braiding). No link in 341D.

e ii. Dimensional reduction 341D — 2+1D picture:

2 ‘ -z

_z/ PL P11 \- N~

(a) (b) (c)

l

g. (de-)Categorification.
Reduce SL(3,Z) Rep to SL(2,Z) Rep.

Juven Wang
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Part 1 talk, 1st Key Message

1. Multi-string braiding statistics characterize 34+1D
topological orders/ TQFTs.

SOE

Levin's (1403.7437), Ran's (1404.1062), JW-Wen (1404.7854).
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Recall in 3D space: VYR
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Recall in 3D space:

Juven Wang
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. In spacetime:
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. In spacetime:

Recall in 3D space:

( 54

AN

NN/
\;

(8% Trilua, p2, u3])
(5% Link[Spun[Hopf[3, 2], 111])

Juven Wang Statistics/Link Invariants of Quantum Matter & New Topological Boundary Conditions



Juven Wa Statistics/Link Invariants of Q um Matter & New Topological Boundary Conditions



Nicer to have field theory capture this 3-string braiding.
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Nicer to have field theory capture this 3-string braiding.
So we can compute the Berry phase and path integral.
And derive math link invariants.
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Nicer to have field theory capture this 3-string braiding.

So we can compute the Berry phase and path integral.
And derive math link invariants.

e Let us recall a Z, gauge theory in 2+1D
(or Zy gauge in any (d — 1) + 1D), described by an action

/ ﬂB/\dA
Mmd 27T
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Nicer to have field theory capture this 3-string braiding.

So we can compute the Berry phase and path integral.
And derive math link invariants.

e Let us recall a Z, gauge theory in 2+1D
(or Zy gauge in any (d — 1) + 1D), described by an action

/ ﬂB/\dA
Md 27T

e Then we consider a 3+1D TQFTs:

/ ZN'B’ dA! + Nl'\Q’”’ AL A A A dA®
M4 ( ) N12

e We discuss the field theory first, then the lattice model.
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First field theory - compute the Berry phase, path
integral, and derive link invariants.
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First field theory - compute the Berry phase, path
integral, and derive link invariants.

e Zy gauge in any dD, an action S[A, B] = fMd %B A dA

(®) = %/DA DB expl[iS[A, B]] explie /1 Al exp[iq/ B]

5 Sd—2

o Integrate out B, the EOM imposes: dA = —%7q §+(5972).
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Field theory - compute the Berry phase, path integral,
and derive link invariants.
e Zy gauge in any dD, an action S[A, B] = |, %B N dA

(&) = % / DA DB expliS[A, B]] explie / Al expliq /5 B]
'71 d-2

o Integrate out B, the EOM imposes: A = —3Tg5+(V91).
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Field theory - compute the Berry phase, path integral,
and derive link invariants.

e Zy gauge in any dD, an action S[A, B] = fMd %B N dA

(®) = %/DA DB exp[iS[A, B]] exp[ie/ Al explig /Sd—2 B]

,-Yl
o Integrate out B, the EOM imposes: A = —3Tg5+(V91).
o But f71 A= fM AN 5H(4Y). Together we derive
() = expl=Ziqe [j,, 6-(+1) A5 (VI

= exp[-Flge #(y' N V) /\ S
— exp[—Zige Lk(+*, 5972)]. -2 g

Juven Wang
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e Next, a 3+1D TQFTs (Gauge group G = Zy, X Zp, X Zp,):

SIABl = [10 S DBl A dA! + (2 g AL A A2 A dA®

o Gauge transform (Only €!? = —¢2! = 1):
Al = Al +dg!, B! — B! +dn' + ;R M dgd A A3,
o Surface operators:
-3 N,
Wazs = exp(i 3 a {fz, B!+ e Jy A n dAd})
= exp(i 57,1 [y, {5 (T A B+ Mol 55 (1) A A A %)

27 Nia N,

o Integrate out B, the EOM imposes: dA' = —%—7’ ().
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e Next, a 3+1D TQFTs (Gauge group G = Zy, X Zp, X Zp,):

SIA Bl = [y Yoy 5B N dA! + SHEE AL A A2 A dA3

o Gauge transform (Only €12 = —¢!2 = 1):

N1 N
Al - Al 1 dg!, B' — B' + dn' + —27r7\1122KI/ eMdgd A A3
© Surface operators:

.3 M
Wizs = exp(l ZI,J qi {le B! + /2V7lrl\ll\71[:N/ fV/ Al A dA3})
= ep(iY3, a1 fy {(ﬂ(z,) A B! 4 Mleoel 511y A AY A dA3})

o Integrate out B, the EOM imposes: A’ = —27& §4(V)).

(Whas) = exp[% (ViNVaNis)]
= exp[2MBBED TIK(X,, T3, X))
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Recall in 3D space: . In spacetime:

z |1 /Z[SY =2 /Z[S%]

AN
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Recall in 3D space:

( 5')

z |1 /Z[SY =2 /Z[S%]
2mi

= e[ T RV N V2 N 5

= exp[% TIk(X1, X3, 20)] = exp[%]
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So far we discussed Abelian statistics.
There are also non-Abelian statistics, in 2+1D/3+1D.

HOMEWORK exercise:

braiding statistics and link
invariants in 24+-1D/3+1D.
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Abelian braiding statistics:

2+1D B! A dA! + (%Al A dA2

— 3+1D MB/ A dA! + ("’")MA" A AL A dAK
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non-Abelian braiding statistics:

)
k /”3\ \
@M | T

(1/\;2N3PA1/\A2/\A3

Related work: C.Wang-Levin 1412.1781 and He et al 1608.05393

2+1D 2B A dA! +
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non-Abelian braiding statistics:

2+1D 2LB! A dA! 4 ZRETLR AT A A2 A A

(27)2 Ny23

341D MBI A dA" + s e p PALNAZ N AN A

Juven Wang

(27)3 N123
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Path integral link <+ Field theory action

2\ S?
z @ & SLBI N dA! + LA A dA?

(4m)

N pl / NiN>Ns p a1l 2 3
& MBI A dAT + PN AL\ A N\ A

& B! N dA! 4 G E A A AT N dAR

N, I I | NiNaNsNap Al A A2 A A3 A A4
< 5B /\dA—i—WA NASNANA

e.g. Continuum field formulation of Dijkgraaf-Witten group cohomology.
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(i). Path-integral linking topological invariances;

(iii). TQFT actions characterized
Quantum statistic braiding data

(ii). Group-cohomology class by the spacetime-braiding in (i)

2+1D
s
[ <) 3772 N; I I I J
Z /] HT2_, Zn,, U(L)) [ 5LBT A dAT + crsAT A dA
>/
N\
z @ H3([I3, Zn,, U(L)) [ 5EBT AdAT + c1a3AT N A% A AP
2
3+1D
z 1 [ 3B A dA!
z : HUBL, Zn,, U (1)) [ Y2 BT AdAT versg AT A AT A dAK
A gic: HYTTioy Znvy, U(L)) J 3B NdA" + crasa AT N A2 A AR A A
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(i). Path-integral linking topological invariances;
Quantum statistic braiding data

(ii). Group-cohomology cocycles
distinguished by the braiding in (i)

(iii). TQFT actions characterized
by the spacetime-braiding in (i)

2+1D

SN
z | ‘6) )

\ /)
= Z[S®; Hopflo1, 02]]

5102

exp (TI%L}L ar(bs+cs—[bs+ cJ]))

[ 4B NdAT + icrs AT A dAT

=Z[S*; BR[m,zm,aa],
Also Z[T3,4; 01z, 0%y, 0]

exp (—N;'?f‘ albgcg)

2B AdAT + icipg AT A A A A®

3+1D

[N B! AdAT

= Z[S“;Link[Spl:\Drrli[Hopf[/tayM2]]r#1]]

SN

exp (—U-K—(rubJ)(CK +dxk — [ex +dxk)))

(N1J-Nk)

[ BT AdA ik AT A AT A dAK

= Z[s%; Lmk[Spun[BR[ﬂA, 3, pe]], pall;
Also Z[T*#5% x S%; iy, iy, iy, 114]

exp (¥R1284 q, bocads)

[ 52 BT NdAT + icizaa AT A A2 A AP A A

uven Wa
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What have we learned?
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What have we learned?

Some TQFT gauge theories (topological orders).
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What have we learned?
Some TQFT gauge theories (topological orders).
We derive their Quantum Statistics (Braiding).

Juven Wang Statistics/Link Invariants of Quantum Matter & New Topological Boundary Conditions

24



What have we learned?

Some TQFT gauge theories (topological orders).

We derive their Quantum Statistics (Braiding).
Next, we derive some constraints between
Quantum Statistics (Braiding and Fusion)

and
Spacetime Topology
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Part 1 talk, 2nd Key Questions :

2. What are the constraints of quantum statistics (the
emergent particles for many-body systems)?
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Part 1 talk, 2nd Key Questions :

2. What are the constraints of quantum statistics (the
emergent particles for many-body systems)?
Verlinde's formula (S! and S! linking in S3)

S3

St

o

ne Sline Na4 - Sline Sline
10 01047 Y0203 ~— 01020103
04

Verlinde, Witten, Moore-Seiberg (1989).

Juven Wan, Statistics/Link Invariants of Quantum Matter & New Topological Boundary Conditions
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Quantum statistics and spacetime surgery

Motivation: Beyond dimensional reduction and gauge theory.

Key ideas: Spacetime process, quantum amplitudes by partition
function Z = Z(M; worldline W, worldsheet V/ links), and

spacetime surgery.
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Quantum statistics and spacetime surgery

Motivation: Beyond dimensional reduction and gauge theory.

Key ideas: Spacetime process, quantum amplitudes by partition
function Z = Z(M; worldline W, worldsheet V/ links), and

spacetime surgery.

5 (@) (b)

(a) Solid torus: D3, x S, represents a quantum state: 10Dz xs1)-
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Quantum statistics and spacetime surgery

Motivation: Beyond dimensional reduction and gauge theory.

Key ideas: Spacetime process, quantum amplitudes by partition
function Z = Z(M; worldline W, worldsheet V/ links), and

spacetime surgery.

; () (b)

(a) Solid torus: D3, x S, represents a quantum state: 10Dz xs1)-

(b) Other ground-states by a worldline operator: W|0pz ,s;).

G; = <a|Wc?‘/|OD3tXSy1>7 Foioy = <04|ng W:¥2|0D§t><5y1>'

0102
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2+1D statistics and surgery: S
Glue two solid 2-tori along T2 by $¥(x,y) — (—y, x) to
3-sphere:

D2 XSIUT28D2 XSl

@@ ©

here Z(S3) = > as(G agG =5i xS

53
z Z(Ga* 56y, = Sgi5,
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241D statistics and surgery: T
Glue two solid 2-tori by 7A'Xy(x,y) — (x+y,y).

S?x St = D3 x Sj Utz D2 X Sy1

here T2 = S} x Syl.

@|@)-S

52 x St

2 = > (68 Tas G, = Gmrie™ = Tore,

af

Two wordlines are not linked. One of them is twisted by 27 spin.
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One more data: Fusion tensor 8

S? x St

= (Opz s | (W) W2, WY 102, 51)

(-
()
3

— Z(G—l)g‘}Fa‘Z% = N7 ..
BI
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One more data: Fusion tensor 8

S? x St

= (Opz s | (W) W2, WY 102, 51)

(-}
(-}

3
— § :(G—l)gﬁF;§03 = N7

4 = (Opz s | (W) | (] S|8) (8] W2, W2, |00z 5:)

_ Sﬁne A’/’m

0104 0203
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Compare to Witten's approach (1989):

S% x St
S8 >
_ Q. 4O _ Q. 04
Z _— 80-10—42 O — _— 80'10'4N0-20.3.
3
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Compare to Witten's approach (1989):

82 x St
93 )
_ Q_ 4O _ (o
y4 =S50 | &2 = S50 NI .
3

Our approach:

S3
z = (0p2,c5: [(W2,) ) (] S|8) (8| W2, W [0

! li
Z 5G Z 04 'F. 06203 SJT;N 52403
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2+1D statistics and surgery: constraints

on fusion Nk and braiding statistics Sy,
S! and S? I|nk|ng in §3. Def: N7t =3 5(G 1) FL,,

S3
Y4 = Y4

> (65)"SasGy Z( SasFa, = Y (G5) SasGl, Y (63) SasGy,

af afs afs
line line T4 line Qline
S 710 80104N0203 80'10'280'10'3 .
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3+1D statistics and spacetime surgery |
Glue two 4-manifolds along S? x S! to 4-sphere S*:
S* = (D? x SY) Uso, 51 (5% x D?).
One S2 and two S! Linkings in S*.

Lk s2,8Y) Z T,Lk( (52,5Y) F51)04 LLk(s2 Sl)LLk(SQ,Sl) .

,u10 U104 0201 1102 1103

We derive generalized Verlinde's formulas (2015).
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341D statistics and spacetime surgery |l

Glue two 4-manifolds along S? x S! to 4-sphere S*:

S* = (D? x SY) Uso, 51 (5% x D?).

One S! and two S2 Linkings in S*.

S4
Z Z =27 Z
Lk s2,8Y) Lk(S%,S) ( £S?\p Lk(S%,51) 1 Lk(S?,5Y)
001 Z L,U4U1 (F )Mzﬂs - LN201 Lﬂ301 :

We derive generalized Verlinde's formulas (2015).

Juven Wang
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3+1D statistics and surgery:

e\
\

Tri T2\ XyZz T2\ Xyz Tri
= | Lo, - Z (F )rz,r' (S )r/ (F ),L r/Srfl,r1 Loo,r
r7r/7r17r/

_ Xyz T2\n Xyz Tri
- Z (S r" r (F )Ml ry = ny,me LO,O,n&
r2 77723772

. XyZ T? Xyz 1 Tri
Z (S )r” r, (F )er”S"LQ:"M LO,O,m’l
r2,77747774

We derive some generalized Verlinde's formulas (2015).
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Require back-and-forth twice surgery between

S*EY §3 & ST S? x S

Tri
U3, 42,141

= Z[S*; Link[Spun[Hopf[ys, 1i2]], ]
— x z T2 XVZ
= Zuéyrz,réfé’,ng,nz Mi//ﬂ(]: )Mz,u (8 Y. )F’ T

(SO)ebry (FT S, 15

772 2
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What have we learned?
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What have we learned?
Some TQFT gauge theories (topological orders).
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What have we learned?
Some TQFT gauge theories (topological orders).

There are some connections between our previous
TQFT gauge theories (topological orders: TOs)

/]\
(gauging)

Symmetric protected topological states (SPTs)

(e.g. Topological Insulator/Superconductors)
(global symmetry)
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So far we discussed low energy field theory from
fundamental bosons. Dijkgraaf-Witten theory outputs
bosonic TQFTs.
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So far we discussed low energy field theory from
fundamental bosons. Dijkgraaf-Witten theory outputs
bosonic TQFTs.

Next we apply the idea that
fermionic SPTs (global sym.) s2ugs spin TQFTs

(fermionic gauge theory).

We consider fermionic Topological Superconductor
(fTSC), that has onsite Z,-Ising symmetry and Z}
fermionic parity symmetry (Z§ x Z,-fTSC as fSPTs).
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Fermionic Topological Superconductor (v € Zg-fTSC)
Z§ x Z,-fTSC as fSPTs with Z,-Ising symmetry and Zf
fermionic parity symmetry.

/ /p+lp

— ip

with Majorana-Weyl helical edge modes, combined
non-chiral.

v=1:

Left-right central charges (ci, cr) = (3, —3).

o Dl class (T? = —1, Pin™) with onsite Z, symmetry, or DIII class
with Reflection symmetry.
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Fermionic Topological Superconductor (v € Zg-fTSC)

Dynamical Z, fermionic spin TQFT, obtained by gauging
Z§ x Z,-fTSC as fSPTs of Z,-Ising symmetry.

o Zy,-gauge field is the difference of spin structures (form affine
space over H'(M?3, Z,)).
o Path integral Z: sum over Z,-gauge fields (diff of spin structures).

Related physics:
(i) Dynamical (condensing) 1/2-quantum vortex of chiral p wave SC.

(i) Moore-Read (Pfaffian) quantum Hall state
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Fermionic Topological Superconductor (v € Zg-fTSC)
Z§ x Z,-fTSC as fSPTs with Z,-Ising symmetry and Zf
fermionic parity symmetry.

/ /’P+IP
// W
BT e
Ve Zg p Ip

with Majorana-Weyl edge modes, combined non-chiral.
Left-right central charges (c;, cr) = (5, —%) mod 4.

o fTSC partition function written as ABK (Arf-Brown-Kervaire) and
Rokhlin invariants.
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Fermionic Topological Superconductor (v € Zg-fTSC)

Dynamical Z, fermionic spin TQFT, obtained by gauging
Z§ x Z,-fTSC as fSPTs of Z,-Ising symmetry.

v € ZLg:

o Path integral Z: sum over Z,-gauge fields (diff of spin structures).
© What are the spin TQFTs?
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TQFT description (Local action) GSDq2|12 S T
level 2 BF theory = % i1 100 0
0 2 2 ; -3 -1 010 0
level K = { 0 U(1)%2 CS ~ 4b | 4b R | 001 0
2 2
Zo-toric code —g —% % 000 -1
Ising x p—ip >~ % % % 1 0 0
. e 1 1 1
Ising x spin-Ising =~ 3f | 3b 3 2 v 0 -1 91
U(2)2,-4 x (SO(3)-1 x U(1)1) CS % _LZ 0 0 0 €%
1 1 1 10 O
evel K= 0 2 Ju@2cs | b4 P4 0L 9
vl K={5 5 )U® | -} 4 - 00 ef
-3 —4 % 00 0
I T T
3 3 V3 10
SU(2)2 x SO(3)_; CS 3f | 3b i3 s 0 -1
25 —% O 0 0
I 1 1 1 0 0
(02 208 ~ A A
level K = ( 2 2 > U(1)?2 CS ~ 4b | 4b 2, 7 2 01 O'
Za-double semions 3 2 2 0.0 —i
144 0 0 0
I T T
3 2 Vo) 1 0
SU(2)—2 x SO(3)1 CS 3f | 3b % %1 -7 (0 -1
5 v 0 0 0 e
1 1 1 1 0 0
2 2
vl K= (2 2 )ures | )b EBh 01 0
veR=lz 1 -3 58, 00 %
p— —" 2 1_% 90 0
Ising x p+ip =~ 2 2 V2 1 0
- L 1 1 1
Ising x spin-Ising =~ 3f | 3b 3 2 v 0 -1
U(2)—24 x (SO(3)1 x U(1)_1) CS %5 —% O 0 0 e

Juven Wang
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Part 1 talk :
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Part 1 talk :

We can obtain lattice realizations (UV-complete fully
regularized, anomaly-free)
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Part 1 talk :

We can obtain lattice realizations (UV-complete fully
regularized, anomaly-free) with low energy IR field

theories.
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Part 1 talk :

We can obtain lattice realizations (UV-complete fully
regularized, anomaly-free) with low energy IR field
theories. Application to characterize and classify phases

of cond-mat.
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Part 1 talk :

We can obtain lattice realizations (UV-complete fully
regularized, anomaly-free) with low energy IR field
theories. Application to characterize and classify phases

of cond-mat. Yes.
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Path integral link <+ Field theory action

z

253
@ & 5B N dA! + 5 AN dA?
L\

N, I I | NiNaNs p A1 2 3
& LB A dAT + PR AL A A2 A\ A

N, pi / NNy p Al J K’

N pI / NiN2 N3Ny p a1 2 3 4
& MBI A dA! + MIIN D AL A A2 N A3 A

e.g. Dijkgraaf-Witten path integral Z &

Twisted generalization of quantum double models H (Kitaev, ...
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(i). Path-integral linking topological invariances;
Quantum statistic braiding data

(ii). Group-cohomology cocycles
distinguished by the braiding in (i)

(iii). TQFT actions characterized
by the spacetime-braiding in (i)

2+1D

SN
z | ‘6) )

\ /)
= Z[S®; Hopflo1, 02]]

5102

exp (TI%L}L ar(bs+cs—[bs+ cJ]))

[ 4B NdAT + icrs AT A dAT

=Z[S*; BR[m,zm,aa],
Also Z[T3,4; 01z, 0%y, 0]

exp (—N;'?f‘ albgcg)

2B AdAT + icipg AT A A A A®

3+1D

[N B! AdAT

= Z[S“;Link[Spl:\Drrli[Hopf[/tayM2]]r#1]]

SN

exp (—U-K—(rubJ)(CK +dxk — [ex +dxk)))

(N1J-Nk)

[ BT AdA ik AT A AT A dAK

= Z[s%; Lmk[Spun[BR[ﬂA, 3, pe]], pall;
Also Z[T*#5% x S%; iy, iy, iy, 114]

exp (¥R1284 q, bocads)

[ 52 BT NdAT + icizaa AT A A2 A AP A A

uven Wa
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2. We obtain lattice realizations (UV-complete fully
regularized, anomaly-free) with low energy IR field
theories? Application to characterize and classify phases
of cond-mat.? Yes.

Any dimensions

e U
Uil g Z,y topological ord
il (a4 % ~ topological order
z ‘\sl =) /2187 Z N spin liquid

(Aharonov-Bohm) linking number B Z toric code
Lk(S4-2,C1) Z N gauge theory

exp[— 2 gmen Lk(S32,CL)]

2+1D
=
e fa UABK 7z q 7[83
_ C\) /257) Gauged 75 x Zo-fSPT model
Arf invariant .
mfayUasUn A C\@) YAES
_— Gauged Z§ x (Z5)2-fSPT model
Sato-Levine invariant -
3+1D
NrgIgal NiN; pIgJ g
prsNiNy / o e
[ 25BdAT + inn,, BB Z ‘\/i. /2184 Gauged SPT lattice model,
- " -/ Walker-Wang like model.
Intersection number of surfaces: N~ S (Spin TQFT for py; € odd.)

#(XrnXy)

exp(— T2t (5 1 %5)
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Part | - Conclusion

1. String and particle quantum statistics of fusion and braiding in
2+1D and 3+1D. Modular SL(3,Z) representation of $* and 7%
is derived. New link invariants and more for 341D topological order.
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1. String and particle quantum statistics of fusion and braiding in
2+1D and 3+1D. Modular SL(3,Z) representation of S** and 7>
is derived. New link invariants and more for 341D topological order.

2. Quantum and spacetime topology interplay. New formulas
analogous to Verlinde's.
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2+1D and 3+1D. Modular SL(3,Z) representation of S** and 7>
is derived. New link invariants and more for 341D topological order.

2. Quantum and spacetime topology interplay. New formulas
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Further questions:
3. From the bulk-boundary correspondence to CFTs.
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1. String and particle quantum statistics of fusion and braiding in
2+1D and 3+1D. Modular SL(3,Z) representation of S** and 7>
is derived. New link invariants and more for 341D topological order.

2. Quantum and spacetime topology interplay. New formulas
analogous to Verlinde's.

Further questions:
3. From the bulk-boundary correspondence to CFTs.

4. Can we embed our TQFTs (discrete gauge groups) into some
continuous gauge groups? For 2+1D, yes. For 34+1D, unknown.
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Part | - Conclusion

1. String and particle quantum statistics of fusion and braiding in
2+1D and 3+1D. Modular SL(3,Z) representation of S** and 7>
is derived. New link invariants and more for 3+1D topological order.

2. Quantum and spacetime topology interplay. New formulas
analogous to Verlinde's.

Further questions:
3. From the bulk-boundary correspondence to CFTs.

4. Can we embed our TQFTs (discrete gauge groups) into some
continuous gauge groups? For 2+1D, yes. For 34+1D, unknown.

5. Study 4d (3+1D) topological phases and 3d boundary physics.
Condensed matter application.

ESEHUNESTENF Lo
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