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5. STRONG COUPLING

6. CONFINEMENT
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Are we aware of precedents?
= Yes, the Meissner effect! 1930s, 1960s

Cooper pair condensate Abrikosov (ANO)

//or’rex (Alux tube)
O

magnet magnetic flux magnet

Superconductor of Abelian -
the 2" kind
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Prototype model
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U(2) gauge group, 2 flavors of (scalar) quarks Y (m 0 )
SU(2) Gluons A%, + U(1) photon + gluinos+ photino 0—m

Basic idea:
® Color-flavor locking in the bulk = Global symmetry G;

(D:«/EXI

® G is broken down to H on the given string;

® G/H coset; 6/H sigma model on the world sheet.
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"Non-Abelian” string is formed if all non-
Abelian degrees of freedom participate in
dynamics at the scale of string formation

2003: Hanany, Tong /

Auzzi et al.
Yung + M.S.

classically gapless excitation

SU(2)/U(1) = CP(1)~0O(3) sigma model
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% ANO strings are there because of U(1)!
% New strings:

Ti(SU(2)XU(1)) = Z2: rotate by m around 3-d axis in SU(2)
— -1; another -1 rotate by m in U(1)
m(U(1)XSU(2)) nontrivial due to Z, center of SU(2)

ANO \/Eei“ <1 O)
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XO « string center in perp. plane % TU(I)'I_'T3SU(2)
T=2m¢
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Non-Abelian \/E( )

SU(2)/U(1) +orientational moduli; O(3) o model




Worldsheet theory

CP(1) model with
twisted mass ¢ — /
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Z, string junction = Kink

Yung + M.S.
Hanany, Tong
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Evolution in dimensionless parameter m?/§
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% Kinks are confined in 4D (attached to strings).
% % Kinks are confined in 2D:
Yonly kink-antikink in the spectrumd

if SUSY is unbroken (explained by Witten)

Kink = Confined Monopole
Why?
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The 't Hooft—Polyakov
monopole

ACP(I) <|Aml< E]/z




Tong
Break N = 2 down to N =1 in the bulk Yung + M.S.

Heterotic deformation of CP(N-1)

(2,2) supersymmetry is broken down to (0,2)

Lheterotic — C;fe laL CR ain [VCRR (laL(l)T)WR ‘|'HC] . 8%|Y|2 (Cje z;1'\’) (RWZWL)

at small y
Cr is Goldstino

(0,2) supersymmetry is

‘2
spontaneously broken!

I — W‘Z ‘<R\|I;3WL>




At large N heterotic CP(N-1)

is solvable (a la Witten) and

presents a treasure trove of
various phases

We have two parameters, Y and m, and a nontrivial phase
diagram

With this choice of mass
parameters we have Zy

symmeftry, and phases with
broken/unbroken Zy.

SUSY is sponfaneously
broken




y>>1 (u>>1)

Higgs phase
Weak coupling
Chiral Zy broken

Strong coupling. Chiral Zn spont. broken.
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SUSY restored here




Strongly Coupled
Phase
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Wittens point




All phase transitions are of t

In this paper we presented the large-N solution of the two-dimensional heterotic
N =(0,2) CP(N — 1)model. Our studies were motivated by the fact that this
model emerges on the world sheet of non-Abelian strings supported in a class of
four-dimensional N/ = 1 Yang-Mills theories. The non-trivial dynamics which we
observed — with three distinct phases, confinement and no confinement, and two
phase transitions — must somehow reflect dynamics of appropriate four-dimensional
theories. If so, we open a window to a multitude of unexplored dynamical scenarios
in N/ = 1theories. But this is a topic for a separate investigation.
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