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waut to know allpossiblephasesofSuy) gaugeleadj) theonies

Motivatin: Wilson- ' 4Hooftclassification
上 19

Cは Hoof+ '78 , … icf . Nguyen
- Tanizaki - Unsul ' 23 ]

Gapped phases ( 1 f 'symmetry)canbe classified by
area /perimetenlaw ofdyoniclinesWinim (C . =N)H(ciƩ )

W (C ) : Wilson loop{ H (C,Ʃ ] :(non -genuine )と Hoofeloop C1cill "=defect～ n Ʃ )
(aƩ= C )

～magneticfluxofの
「
non - genuine

' bat importaut ! (string order parameter fr SPT )



SO (2)YMtOterme.g .… 219

monspole dyou.
.

: 1 1 1 白
& if adj . higgses) added ,

π
2π <W > キ 0

'
(H ) = 0

deconf .}く H〉 キ0 <HW2 キ 0 < HW>=0

く ⑨>= 0⇒ area law
<HW> :0 <ト1 )=O

<W ) = 0 : <W ) = 0 : ( く @ ) ≠O ②Perimeterlaw )
In this talk ,

C
'

calculable weakly
- csupled) confinement '

- We employ 3d monopole semiclassics
.

m

& aIm to understandWilson - '4 Hooft classification
m
observing dyonic linedTuthisframewonk

.



dmonopolesemiclassics 弧
weakly coupled confiniug therry : CSEM: Bawies- Hollowood-Khoze- Mattis <99 ,1

Ehon-susy : U
'

nsul 'a7
, Unsal - Yaffe 108 .

… J

Example : SU (2) YM ( tmassive adjout fermims) on RsysI← PeriodicB
..

3d effectivetheoryatsmallsere)εresidual
gauge

d . o .f . {σ idual photom , f
: fXda

」 (σ. 中] ～-o、- )
I : hobnomy , P = (ee- Polyakov gaugel

L 3dett(σ, 4 )
] =㎡(20 +

)

+i 1aが
- eIg8

”[

cos( σz)+ cos(- σ+] ⇐monopoledilute gas )

( t Vetlか ) ← poteutcal favoring center - symnetric praut ( =±ん)
凹

σ= 兄 ←災
*)oa3π⇒ … ! ^ F

^

I
.

'.□
2π

expectedvacuum structure)



felooponRxsRsysi

- temporal loop lalong S
' ) 成{ spatial loop ( on R3 ) Ttemporalal

- Here
,
we focus on spatial 'tHoofe loop H (Ciz ]

Spatial ' tHoofttbop bdy .of shiftof $ P = (e
”

℃ ix )～
centen sym . defect

.

This ' t Hoofe laop is " bad " つ中+π

[ X lb0ks area law ⑲
X hits singulanity (=σ )ず～beyond low -energyEFT



eascreening 凸19

UV theory : SUL2 ]YMn R 3xS'

HorlkiƩ ) = bdy .of)ddefect←
works well on the lathice (θ=0)[ [De Forcrand- D'Elia- Pepe

'003 ]
{ Integrating outheavydon'

IRtheory : UU)×L UU)4 ) [S2] scalar

HIR(C ;Ʃ] = bdy 、 of (→ 中tπ) ?
areal perimeten
0f HowlCiƩ) Can

Hov(ci SHiR(ciƩl "reening } be aftected by this .～
always area

e . g . ) Perimeter law of(on hits singularity ) change-2Wilsin loop



Screeningby twisted vortices ,
Hov (Ci→ HiRciƩ )"ereening～

'
"area law (I worldlines of heavy daf. )

- In particular, we focus on ' twisted vorfexs
whdy.ofS .gange"

tAlicecering)(Gndr
-Withen dafeIt 's non- dynamical In IR theory ,…but dynamical in UV theory omiimf

Sagaugetransf. ( o、4)トつ( -σ 、- 中 )
Claim : Screeniug by twisted vortex

fix t=(2 ~HICl ce

Hor se
- # (Cl

HIR(C ;Ʃ) IC) mx e C (Ʃ )
”

(CiƩ ] twisted vortex hangeconjugation Inσ
Is lightest term after fixing $=π12 σ トロー σ



Pyonic lines in Confining phases 正19
This screened ' tHorfe loop behaves as expected !
H (C ;Ʃ ) = とほ ) " nƩ

:
a lift ofσ tAR )

8O (2) YMtOterm
…

monspoley
dyou 1! 1 ' o
2π

π

< H〉 キO <HW> キ 0 < H〉 キO
<W ) = 0 : <W ) = 0 : <W ) = 0 … <∞ ) = 0

<HW> :O <トH コ =O <HW> :O area

①σ=0 ②子 =π ①σ=0 <⑨> キa

e ⇒ perimeter

3d EFT ( at =12) : L 3d= 1 Ha-# ( cos(σ tz)+Cos(-σ+2) )



Pyonic lines In confining phases 9
σ∞一井 (area)In both phases , <W (C )> ～ e σ～ ∞+2π

σ=( σ ,π ) defect(need kink forσ～σ+2π)
changeofliftI3σ t2π
monsdoromy

θ① - π COC +π : min . at σ= on Ʃ1 牛 H00Hiciz] : < HiCiƩ 〉キ20(Perimeter )
H (C ;Ʃ ) =℃ほ )

”

② π C θ< 3π : Min . at J=π ー∞
⑧～～

∞

foralifttoR : σH(CiƩ ):℃ needkink⇒area law
ょううよけπ ] kEnk doesn 't span the areaH (CiƩ)Wic
):

N.Miciz )π# or=π{
⇒ perimeter law

.



summary 919
We've considered (non-genuine) dyonic lines in
SUL 2) YM ( tmassive adjocut fermins) on R3xSI at small L

.

3dIREFT : Uい4 4
Sa=πanG

① Haive spatial 'tHooft bop Ts heavy ;
We propose

'

screening by twistedvortex
"

(←dynamical n Ov )
⇒ light object ! [at=12 , HiciƩ ] =

"

CE)
"]

② with this definition , we obtain charge-conjugation in σ

monopoley
dyon 1: 1

白2π
π

く H) キ0 <HW> キ 0
<⑨>= 0⇒ area law

<W) = 0

<HW>=O
} <W>= O

<H)=0
: く @ ) もO② Perimeter law



pemfinedphase.Thige
I ckipped

s Generalizatin to SU (N ) →
U「harrm

s temporal
'tHoofe loop

s Move on θ -dependence ofdual stringtension
( funwl Ideconf . phase )

a Perimeter law of spatial Wilsonlbop iu Higgsphase
- Exotic phase in SO (4]YM .

ー

0 ( realizable in uNa 1 * )


