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' t Hoott anomaly Is a property wheoby

good global symmetries cannot be promoted

to gauge symmetries unless non .
local terms

are introduced into the theory .

- Such systems can be seen as bordarg
theories of a gapped phase called the

SPT Phases

←PT bulk /
' t Hoott anomalous

/ §APPFYD, ,

d theory



When gauging the D - dimensional boundary theory
we must introduce the gauge fields A

.

It however

we have that the gauge
variation of the action

does not vanish
, i. e

.

D

85 = sold ,A+d^ ) - SDC d. A) to

we say that there is a

' t Hooft anomaly .

In order to
gauge

the theory we must

extend the system to an extra dimension

and define an SPT action Sdstpl
,

(A)
such that

D
.

Dtl

S( 4. A) + Ssp ,
(A) - gacgeinu .



short - distance •

Ahomalylntlocuv

) theory
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Renormalization inflow
Dt '

group flow Sspt [ A ]
/

Long - distance• ~

/ / /
( IR ) theory §*[diA ]

SPT not affected by the RG the  at theis gapped,
so  it  is

=

boundary ,

so that the effective boundary theory in the IR

must match the gauge
variation from the

bulk
.

This

Is called the ' t Hooft anomaly matching . ( ' t Hooft 1979 )
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Lfem = { IBJ
- classical Uci ) symmetry

I=i
> → end

However Iackiw - Adler - Bell tell us that

the action changes by

DS = i×(2N ) Qtop so that Zzneuk )

is still
a symmetry .

If we gauge the center Zn symmetry ,

it

turns out that Q+op Is no longer quantized
in integer units ( Gaiotto

,
Kapustin

, Komargodski , Seiber)
+  refs therein
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such -> AE Uci )

F  → F -

tr€
Notice that the theory has a Uci ) tforn g.  

i
.

A → At > I CAI

But the theory is not the SUCN ) gauge
th

.

because the fund .
Wilson loops are no longer

gauge in '
.
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peika-t¥l
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not in  under UH g.
t
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We must define Wilson loops as

g-eifsa

ei{B
�1� =dHI k%§%

N
/ -

�1� → Bird > under the 1 - form g. t
.

So §Bis only well defined mod 2T

E
°

e :{BeKneeB measures a

'tttooft.SIthrough surfaceE-
The theory we have  is Ulnyuc , )

= 5°{¥n
gauge theory .



Chiral Ulh rotation : x →

city
induces

a change in the action ( via fermions measure )

s§= if ftr Fnf = i ( 2nd ) Q+op

So if CKE 2 is non - anomalous
2N

.

→ KN Center
g. f .

But now
gauge

center FS F - B
€

UN ) field Str
.

gauging
center

in ( N - Hgifts @NF ) → igzfthfnf-HFNHFH ¥
SBNB

11

znd

Chern
Class

e

: NhfI# SBNB
c- zn so Kan → 7<2



Gauge field for L
,

T4→R4
zn - centar are

I
→ R4÷

zvivalent to Charged
Center- symmetry

twists ⇐ >
' t Hooft fluxes

z
Sum +  adjoint 2

- Kn - center Zz
- Kzn - chiral

Vacuum is charged
under  chiral symmetry

in the presence of
twists at  infinity

11
v

Vacuum cannot be trivial ! ! !
So  assuming Center unbroken 4 vac gapped

=) vacum not invariant under  chiral sym .



So Kzn - chiral is

exciter
down to

Zz in the presence of the center
-

symmetry gauge fields .

This implies a

'

tHooft_an=ay
between the Zn - center and

Kznyzz - chiral symmetry .

This predicts that
.⇐Lznyzz

- chiral Is spout . broken if the

theory is gapped & confining
* TX ZTdecong ( known from lattice )

*

(X DomainWalls are de confining
Komargodski ,

TS
,

iinsal )



Domainwaldentnnent

* N=i and N=2 Super Yang . Mills ( Zzn axial syn )
* QCD with adjoint matter ( Kzn axial sgn )

* Pure Yang - Mills ( CP symmetry )
Such theories support stable domain walls

-
> CS theory matches anomalies

// confiningconfining / pw / vacuum 2Vacuum I

/ / \> decoufining domain  walls

y



Quantummagnets .



Quantum anti - ferromagnet

-
he Neel phase

The Valence Bond Solid

phase
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Breaks So (3) spin symmetry singlet

Breaks lattice rotation -1
& the translational symmetry

symmetry and translational

symmetry



Spin . tz confined In VBS phase
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conf . string
The parallels are striking between

VBS and QCD . like theories in certain

regimes [ Auber

.am#z.Tsl20'5litfgnsha;j.sggdIiYYgYifuKn9Ybin
. ]



CLAIM : The VBS phase is described by
an Abelian - Higgs action

feF2t1DnwP+M}uF+V(µP) +  evengon.PL#(Haldenel 88
,

Seuthil
,

Saoldeunzooo )
n= (LM - Sun doublet Related to the Kz

lattice symmetry

Symmetries
:

•o• n → Un
,

Uesusz ) e. j = ztzxf Ulilttopolog :c
.

but n → - m is a 2- mom
. Tgauge sgmm . so global u( ( Y→ Z

symmetry is Susy = Soos )
2

7

•• 9 → a
't

}c . symmetry

ftp.kemetries
AS - A



Gauge Uk ) - topological
insert e

:S A 'i*j=ezlfatnf
AT → AT + IY is a gauge symmetry

because SF = o mod 25

But now let
us gauge the 50 (3)

Symmetry .

In fact let  us just gauge
a Kzxkz subgroup , generated by
RM

,
RGIFI - Soos ) rotation matrices

around the × & y axis
.



Gauging 74×74 E 5013 )
z

Gt
-

itn In
2 1

- - - transition function
in

1

item n
-

f-
-

- - t•.  - . - - - -

j
.  .

is RCA
l - it,n I m ×nlitzn

,
- - - transition fun .+7 Ryltl

at a. - it
,

- it
,

it
,

it
,

= -1 --Center of SUN

So
as we

go
around

• we must also have

SF = F mod 25

T
Uci ) dynamical

gauge
field

.

In fact we have 5ft fb mod 25
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the Neel phase
The Valence Bond Solid

phase
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non - lie near Sigma models in

it
Tanizahi

,
TS 2018

* The N=2 example is the O( 3) model
* It allows one f- angle
* f=iT is the effective theory of a spin - half  chain

and the
.

effective theory of the ZHDVBS domain  wall

( Konargodski ,
TS

,
iusal 2017 )

* Has interesting space - time symmetry anomalies ( is
,

Tanizahi . 2018)

-+ The N=3 is the effective theory of  an Sul 3) spin

chain ( Lajho  et al
.

2017 & Bykov 2011 ) Tanizahi ,ts 2018 - - Hold deg .

q
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Conformal

* Has two t - angles •

/2.at/
• /

• - •

•
•\* Is an effective theory of / \•• - \

• •

an 2+iD SUB ) anti - ferromagnet ? • ZF 25 f\ ,•*e\
, ,

rained • •←* Phase diag . higlg const by / • / • /anomaly - like arguments



Domain walls as quantum wires

←
Domain wall

Pgetiegetzsnan#
Are its properties protected from impurities ?



Conclusions
* Anomaly matching provides Powerful

Constraints on QFTS

* Domain Wall physics is particularly interesting
and shows parallels between QCD I Quantum rag .*Numerical confirmation in the T- Q model

* No QCD - like system allows simulations
it would be nice to find one

* IHD theories which descend from domain - walls

are also interesting with rich phase structure

* Possibility of simulating field theories directly
avoiding the sign problem ( work  in progress )



Thank you !


