NaV\- iV\VefL'l‘ibIC symmeﬁ/ , aMA
sting. tensions  beyond V- ality

Yu Y& T%iz«.l(i (YLJQQ.UK n'ns'l'i'hi?—) K}'°"'°)
Mendel Nguyew, Mithat Ungal (Nort Quselina Stacie U.)

bosech  on 210(.02272 "/ P 2104 08214



S‘r¢¢.|-,m ,( Qngining_ si'm'nzs : N "“L&f
Te Ustring tension) e impostand: graies  characterizing.  confinemert
= How Lo Tg A D(LF@"'O( on  tla aw‘ak ,/e_fresc:n-’- on R ?

N’uui'! O—K M@\dg owl)/ on 'QF <b°}<€$ a{ You.:\&‘%) McO( /\/

(_Be,“c.veo( to be Hrua ‘Qﬂ_ pue YVCN) X M\ gcu—;_ 3 & q’J—(M)

?LW X Clﬂéma.a




1- ‘I'NM sslmme.'l'l/ ( Center s‘ymme'h’/>

= Ho, Kopustin, Seibeng  Willet
. Gaiotto) Kopustin, Sei ilet %14
modern understan oeAmaA ) for  rltvichce QF (s , ( P d” )

« 7 (
'I'D/DQ L’}luuq o7pefla7('a’b0 r\-; X-7-L )

o e e S e Y ST
TR 0 g Fiafaonse ot < z

8-2— Fov couti. sym., UCMJ—() = QXP<M( Sf‘l,g-, i )

N~ NO&‘H'\Q“ cuwev\'f.

Su (V) \(M, ‘)%.N aN CoAa-w‘ ga 'ILDFO/?«@/Q ,_,T;Q_f\aj:v—( U(/‘*{o& 2)
CGukw Witte v ape/od'or’j

9 T
—3J" |R]

\UR CC) = NI'CQ eyq:\am»féo'—s Vé NaL-l-/ /“Lm_

_ é%‘ ® Q
"‘]K(C> W\Q(Q)

2
7

—~
O
(©



Be)cono( N - aﬂ‘l’)/

oM (MFO!""M* J:eai'u/‘-fl A ‘I’L\& olQQP I. R (Q7CM S,

I

l"" 0(065 no{' kl&k lm immeOL;Q‘fe.ly aﬁ\ 'H’\Q limea/\ c.onzcinQMQVd' O ClleNn?.
V()
AN

) S‘Ymme-lrfo rgP,( 3afm‘/ = l)
P a# ~p (3-ality =o0)

/ | -)cux’ofg. (3- q“y = l)
‘ BOL 7000
O - nd (06. ;—nvuw)‘(l“*I)
T — - etc.
linean  confine me~t N—&L'+7
be ){O VW( N —Qlj‘f“/ YQ?\.W‘Q-

some “nice” way o wnderstork the  beyoud N-akily resimne. ¢

PR

ey L O SQime. ‘\'O}/ W\OO(QIS/ I‘f’ O(O-Q/J H




(2-"")0\ U(|)"-, GomuaR. mok' with Sy aloLwQ S)n"

Q| N
A L = B .
g B @ (F) i w(@) - Za =0
ay
U/‘('V\; vaVlPlQ Voo'f's 0(\ o“ N—?UCI\/)/ we Coawn Yewut + M)
a:c\: E' Q'l(ﬂ)@(]
TL\Q La\?fa/r\?)xd/‘/\ ’ _ .
= — §,5

1S S‘?fmme‘l'/ic umden +le ?(oLa9\ SN Pe(mu."'a*fom

Qd‘(\)
A /
(afL ) } D) ae:)‘(t.) > <O"€ SN >
ay \ :

& o)

\ LG( YO ‘W )
/ * HQV'Q / l WY\"’Q dD“M ‘\’L\O_ c_ow-l'\Vl\LU/M g ?/\

\ bu.k iv\ ‘HAL G.C+ch~9\ Qow\l)ud'a.'('(\l/\ S) w uSeok -"LQ_ (M MOM.




Ou.r moakc_l 2( Pblyuko\/ moM

Td<o s very. cimilan o Hlo Fo‘7a|<0\/ o ke |

34 su) YM + Ag. salen T
Ju'%%';iwg. l'y <§> N—I

> 3\ ua) 8q~ag ‘Hm:o"f + monopb(es'

- 5 2> (\—w(d-;))

Loy, ~ Qzl + e
o(;["’s;'“"e

voofs

The fo\ya.‘cov rmoda X , howeven , does L-Et rea.,ai.'zg Qﬁj sywmmetry ok (
| ou — Qnﬁ/b:f/

whle  oun h\oM does

Ol./\V MODQQ.I_ VM No();bd C," M(O(W") PO(Z oV MOJQ'Q Ve&é N z
SV S {akion Svo % CLE
N Voo
MW m
% Q | ar
) -1) ,l,,w.x PLo'le \
' Do LI Fevenk




Go.wgt'n; SN ‘ U(\)'M)d SW g™ «H«u»'/

fo oun VW' medlh  fas o memifort Sk spmmetry

Qe:l‘ Wo 3%22 JJQ— 'I

— Flz\7$|'cc.9\ OPQ/\Q}U-CA ym/k/);t LQ QOCOVQ SN '.V\Wv}.

On  the (“J_HCQ ) e Can \Qa.Qf;ZQ 'n b)’ So\?f(\f\} 'H/\“-i-

JL;;%;M
NxN endrix \T’?o\, N—I
H S/d Fe\/m. —( e_iaﬂ) < UC()
S= g+ = T G6)) 4+ 6 (s =T 1)

- . NSN———— o~
UL\"N X Sy P\M‘D,-Jt?_ octHoun S Plox e ot o



i"FDIM symme'h'iw a‘ Sem |- Ab&kam ‘Haeo?/

G&‘*ge ey a2, ;
\)Cl)’\hl S”’aw’y\g ) N X/ S/\/ “Sem—Aéelia/ul/,
Centen e ‘BWJMf Very Simif
ev Ug 9 “”a’l e / +S° ;gw) |

z (v ssn) = Zy
e———~— — —— T T/

I/

Z,\) 1——_Cul/ww S'ym,

~) I'\;'i"'.‘fe—“/ many Ji"fvg fensions D 0V\‘7 N- oistinet s"l’(ing/-) Carn be

V\aiun% exp'cuined :

con be expec fed .




Stvi ng +ensions

Ir\ OFOQQV +o (,oMPuiE_ s‘]’r[ng_ '{'emsions/

be rc.c.js'lﬁ 0{ (i ‘(’IAD_ movaole -'-Lteor)/

1% = 477 1% + 8_§

O — Pm&'(e Taside, C it bk lke Evergy

W must I(Vlow

Ihow Hea Wilse v Qw’]w Clnn

2 (-eala- 7))

A
N~ - —57
Wz (c) = ' e
alo.nsi‘fy

T g1y ()

_ 31;;y\a_ temeion T.}_} |



String tensions beyond N -d."l)f
UV\OQ/\ Ok reaSona “e ama,f'z p We OL,-[-a_i,,\ -{-L\q\ 3—}/,}\& -/-g,,g,’w :Fu-g uw'u:ougs CL\.MZR/-’ °.

|
ﬁ(u (SN Fundamental . N-alﬂ7 =i)

o
-3 M-
T)“le; xe ¥ x JAN > 0,

rz_ = (i )_% (:) LS‘U(M) 1-index a/-dX‘S)!m. al‘f‘/ ) VQp) (N 2 4)
_ 2.(N-2) /N A
T}“z. — N —| T ( <2 _l;“)
P
Z.r\ (3\’((") 2— index Sy N—«Li-y = 2)
J
| Tl}"\\ e ?_ T/A‘ / >
o ! .
«,-: (o) (SU((") adAoint N"QL;'F)’ = O )

Ty X lT}_,,,



Na,“'u/hl oY wnno*wlal 1
FU"L UC\)N—' moo(éz(/ HM i na:l"la/\a/Q. We |f\a.tl‘Q UL\) ,-'FOVM 5 ™, 3@(\&&’0:,?0& 19)/
-L)—OQK)(N‘) — Q.}(P ( §; D(\c A 0-. > (,k':(/’"/ N_l>,

L

5) WQiLwl+e[ many 9"'(""'2/) Camn LQ eXP‘wineO( L)/ centey SYIWW‘-%

S G

For UC\)N-')q SN mer(/ Hrese_ oF@\ajD’w g, not gar > inmiant
WQ MV\S"/' CDW5'70&/\ AL s‘FeCial c_omloiwcj:iow

U, (M) = WU_?, (N)

— Q_XP (L—— <§ (0( 2oy + - ""(N ') 0(,\1—1) Ay)

Thio o\ac)rs Ha ZZN ranJhpll cotion  law

.:—_> Owty N A.Ls*inc'é S‘l’/f."?/) o be e;g’)ecFon_ u/nnath situatiou 77



ble S]mme‘f'f/

We Can C_oV\S‘I’ﬁA&',_ a,vwf-L\p/\ c_lqgg o{ Sﬂ’ilﬂl}. QFenaD"W —Prom Ua. CH() :

j@ C/Vll) = FI; 2 PU‘&(‘)(/‘T() p 1
' PeSy

= | 2 e xp ( & ; 0(.0\0‘>
N(N—‘) K . voots 17T /*1( |

o To (M) o topologicall = 7 Symmetry

o jQ-(M,) o(oes ﬂg:\’_ -Forw\ o 3{09‘{‘ 7‘6 . 76/ =+ 7&+&/
o ma’LQ_U’V‘?/\ / j—@ (//l | ) oloqs [\o't Co/VESfOVwk 'l‘D M“%/a"i"w""‘/g o,aena:/‘ith‘_

Even +L@7L Hae it two Froye/d‘iqs ane  very umuma,Q on gymme’lﬂeS/

/4

e TQéW\DQ j@ oD ae_nero:i"o’l/—’ % ! nOV\—(‘V\\/@L-“LIQ Q?(mme‘h// )

B olug\',Tc.chkqw 19 ’ l?w(cw,c"""“’,/"?/ Thovnaveh,WQn ,,7 , Kowar oahl(l', OL\hOV;/ RDK...?J.‘H;, Ceifnastri 20 efo.
CC( T - 3 I (For 24\ QFTS)

N
N




TransSormadion b)’ je

5,00 S
(1 S5
o ( _ \ \8‘ D(,l ) y
— \Fan<® W, ()
r=)4l (N‘o\lﬁ‘/ _4_.)
\| —?.(\—w(@))
W'H : 7 N . WA

As Ts ic ned wmdary, its "efgqﬂwnl&" s swallen Hhon 1

A AR S NS
- dl CAogoin‘f‘ vey. N‘q,‘l"/‘/ D)

. (N-2) (N-3) + 4 (V=2 e (6) +2w(’t§) |
Wog- ? N (N —1) Wodg

A~ ‘j’s Car J.{g—fingwisl/\ +a aog. rep. Lrom  tHhe +r(ufa,0\ rep.
Consistent Litlh T FO.




S“MMQ")’

@ Construction % a "'52,. moale,Q Cgek S‘Qmi-Aloe.(iawu ﬁ*“"’?’q —%eor/)

« G gomse = V)" x S v
7 Z‘J l‘-FOVM S"vvr.
@ S-I-u\ol?'imj_ s s-l'rin} Tensions (S‘h?m& fensions [9?70'4”( /V—"‘Lf//)
¢ TAo(j 2 2T F0
¢ Uln) = Q}(F (L -bl)- r\‘(o(|-t2.0?,_+"'+CN-')0(/a|) AF) detects N‘ab-"}"
@ “ SYWWC"?’// exFIonna.ﬁ'ov; oV I’Q)'O""’k /\l—oulily CV\O"\"'VWE’AHHQ 92('“' n 3"&)

’ jG(Nl)__- FJT:‘) o(Eo‘*f =ff ({%Sh(“.do_)

i5 (0 "'DF0,0B iC&Q / ga.—ajl - Inv. oPeVaJLCfL ]

® j@ e Wa)g —_— (9-0’(? ff«c‘la-\) X wajg
= -F/illin N_J;-}/ can hawe. nonzero s"l"//.mg +ensions,

- N A 4 TwWe story s tvwe o
; “._. % *‘t, ] gw | , : Py ,
oot sow) yM oz (50 T Chionenns)




