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Il
This Talk is abut

"

Non- invertiblesymme.tty
"

Qt : What is it ?

が"Q2 : Where is it ?
CFT

(a) i In HI di many examplestatice
QFT

(b) ! dZ HI i We have started to find ! (other than TRFT)
、

Esnew

Q3: What is if good for?

A
・ S。 for only Small Pleasures are found

.

Please find a string Application !



What is symmety ?

(Wikipedia Page
restentry to )

According to Trigger, in Quantum Mechanics .

S ! iymmetry trans Formation" Hills
. sp.

E

t S : PH → RH ( 附 二 ツ4でt )
① bijection

② preserves the
p is bability

Wigne.rs theorem : closed Set of symmetry trans Formations forms a groups
and H is a Projective representation of the

grap.cat
i)こえ1any

This is Why We are abut Group Theory .



② Local Fly
・ We often Care aboutbca1systemi7E@xipointKi.e.g PM1峨e
• We also Want symmdry Operation Local

.

・ A Seminary is also often in- site
"

: S = {
S でd in QF

T.EU、
in Latte Theory

・ But not cell of them : f
Dis cnet.sn/mmetryinQFT

' Translation on latlice ら = T Swap

i.jltnomabussymmetngonlatt.ie
・ A Mer not i on ! To bgicaldefe.at operator



EU Tp 。 1ogi.ae defeet operator

INint in SpaceTime
・ V1 は ! らは ] = どな imdb.in

の

ふ [/ ] × (紅漆が でた "な da = 1
.

• On site Wie sxmmetrg.eg.quatumtsing.li = がsymmhy
Twist

-.- - 1 0 1 2 -
一

・ nvzys・ ・ ・ ・ × ・ ・ ・ o が i ix.がU -

Hi 、j X
、場 非Hij Ui = Uj Hij時と 持べ
= ・ 搢 ベベ

UI ( IHi.it 、 + Hi ) U 。
= 南、

Hi.int Htw
iキ0 1 . 2
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F へ な。 log ich.
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Finally
redizedsym.metry actions S = TU i ( in periodicbnndaycond.li

_
pair aminute

.

if
・ ・ ・ ・ 7mmなisachievedby.nli ① Inset a pair of defectsV

。 。 。 ※ ② more them anund by unHay .T insort pair of defeet/
Twist ③ pair annihilat.in

• Symwety In Local System 〈一〉 を p。 log id defeet . operator



NdNon - invertibledfect.in Critical King
・ What if defeet itself Support some degrees of Freedom ?

• Suppe
'

.
A defeet × has a Spin on itsd

,
and Coming Hftp.withneighoring sites!

Further
,
demand that You Can Move the defeet by a mi tar y 、

O 1 2 3
0 1 2 3

・ ・ × ・ ・

、 、
と
一つ

"

等
がけ

だい t
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H
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tw 3 Single「
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、
dは 十 Hz

、 3
十 点 H質り Ud

、 2

= Hi
. 2
+ HUd

、
2 2

,
d . 3

十 点 Hj
L

_

s E .

g .

Critical ISing Model ! H = 一玉 (T T? t F ) にパリ
ait

s = 0
. 1

・ く t.si l Veil t.si〉 = S
。だが

"をなり
、

1が
i.d.it 、

こ べで + で の点
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,
Heroes Therein] ー

き 潤がSi
is Set
t.me聖• Further

. following Operation comment with Merit

、

1{ Terrier

Project onto
1が知 ! 二_こ※i𦥯鍵 シシ

=

豊しく聖一 パ> +11ど

く {※ 1 9 1 {※=貳 ←げばが

.in?s= ら べ
、
ぺら = ら のたで ⇒ SHaiHL

. Not mi tar
y

! ぶ ら = 五 十 丁括 = 2 Pasiyet



⑧
・ What lupus ! D pair create defeet with entrywent

{② Move the defeet Ground t
'

with units
③ pair annih.laた」 → Not unitsy

Rossibly )K

・ Non - Inverな He yで く tp.def. with its own degrees of Freedom.

breakswigneisassumpt.in 、

not a groups
( but

a Fusion Cat)
.

. Local lyrical ized、

"

unitar ij able
"

Operation .

unitaryifacting.in がたただぼ

M@1extrabitsI.ooInIsingmodd.thisnon-inv.symくー> CriticalIT
Indeed

,
cone an Snow that S - 7m requirs gap less mode or

23 vacua
'

Chang , Lin , Sho , Wang, Xi
'

18 ]
( vie RG How invari and



In Higher chinensis
・ S。 Far if has been abovet It 1 dimensi.rs

,

o In higher-dimens.ions. Philosophy is the Same :

def
"

GeneralBed symmdry
"

frame〉 tpologicd.defeet op 、

• Defeet an have its spatialdimensi.ms ,
among them

.Fields on if 、 Integration {with butk蠅
慈と_とmb.int

・ Cochinensisn p.intibkw "

な - form symmetry .



El Example in 3tldimensi.us
Ckaidi

、
KO

、 Zhang]・ 3-1 1 d ISing gauge Theory [Hide Nagoya Yamaguchi ] d
Classical

・ 3 + 1 d N= 1 5 0 ( 3 ) STM : Aid U いっ 入 → で入 is Broken by Instanton t

を
4 subgroupiibrokeith.by はratiod

"

SOLD Instanton .

入→ 𣱿
Actaは itsuwit.es as a non- intHe symmty !

s。 A

入

S。 (3 )

STM def.fieald
a :

0 (灃: 5歳 gauge
Field

M

y 低葺き
總誂。

[ hide、 Nagoya, Yamaguchi)
・ 3+1 d N = 4 SU( N ) STM @ ても ←

[ Ka i di
.

K0
. they]

3+1 d Free Maxwell @ て= Ni (N EIN、2 ) [Choi、 Corona、Hsin、 Lam、
Sha。]



Summary
• In a bed System, symmetriesaneidentifiedwithtpobgiddefectop.lu

RG- IN .

• When a top.def. has its own degrees offreedom.wede.fi
ne a Operation by {

① Pair create defeet

② Sheep the Space by Moving One of the defeet byunitariesl.catって'

Operations! ③ pair annihilate

• The in He Mental Operation Can be not Unitay 。 一つ
"

non in

vertiblesymmetrya.tt
Id ISing has One such sym @ Critical pt

• Several applic.atIons in 1は d {
「 "は「80ば、 KO.Roumpedakis.seifnaghn.az。
[ Chang , Lin 、 Sho 、 Wang Xi 'は]

• New example in 3+ 1 d
, f
なな 私は th on wie

. N= 1 SO(3) SYM

. N= 4 SYM.
Free Maxwell



・ ・ No strikingappliati.rs yet in d > HI d
. But symmetry has been

very important. ..

。

• New area of neSearch in particular d > け 1
.

Please join and find newappliat.in s ! !

Thank YOU ! !


