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e Confinement in a SU(N), can it be understood by studying
non-Abelian vortices?
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Motivation

o Field theoretic analog of D-brane physics?

e Confinement in a SU(N), can it be understood by studying
non-Abelian vortices?

@ Is there some limit that simplifies the problem /structure of
the solitons?
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Characteristics of Solitons

@ Vortices: map:
f . S (spatial infinity) — S*(vacuum manifold)
o Characterization: m(S1) = Z = winding number: n
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Large-N limits

@ In many areas of physics: spin systems, matrix models, gauge
theories in particular:
o Certain properties are difficult at finite N
but simplify at infinite N
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Large-N limits

@ In many areas of physics: spin systems, matrix models, gauge
theories in particular:

o Certain properties are difficult at finite N
but simplify at infinite N

@ ... it turns out also to be the case for solitons.
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Wrapped-up Wall

Coulomb Phase

Higgs Phase Higgs Phase
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Taken from [hep-th/0507273] by Stefano Bolognesi
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The ANO Vortex

@ The simplest example we can think of is a U(1) gauge theory

1

L=——"
4e2

FuF* —|(0u — iA)al* = V(lal) , (1)

So this we will consider throughout this talk.
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The ANO Vortex

@ The simplest example we can think of is a U(1) gauge theory

1

L= FuwF" — |0 —iAal® = V(dD) . (1)

So this we will consider throughout this talk.

@ But these wall vortices will also appear in non-Abelian gauge
theories, specifically every time a domain wall interpolates
between two vacua with different confinement indices.
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We will see, that independent of the potential, only by given g
and qp, we can find the solution in the large-n limit.
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Tension of the Vortex

2 2
T(R) = e;% + Tw2rR + eonR? . (2)

Two regimes arise by increasing n:

e SLAC Bag Regime: Ry > Ay, and the surface term
dominates (only for some intermediate n)

2/3 2/3

] TSLAC xXn and RSLAC xXn
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Tension of the Vortex

27 n? 5
Two regimes arise by increasing n:

e SLAC Bag Regime: Ry > Ay, and the surface term
dominates (only for some intermediate n)

2/3 2/3

] TSLAC xXn and RSLAC xXn

o MIT Bag Regime: Ry > Ay and the volume term
dominates (always wins)

° TMIT o« n and RMIT X \/ﬁ
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Taking the Large-n Limit

@ When taking the large-N limit in gauge theories, we have to
rescale the coupling, such that g2\ remains constant.
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Taking the Large-n Limit

@ When taking the large-N limit in gauge theories, we have to
rescale the coupling, such that g2\ remains constant.

@ For the large magnetic flux-limit (large-n), it will prove
convenient to scale the radius, such that Ry remains constant.
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Conjecture

Consider the Abelian Higgs model with a general potential that has
a true vacuum at |q| = qo # 0 and a Coulomb phase with energy
density V(0) = g9 # 0. Call Ty(n) the tension of the vortex with
n units of magnetic flux. The conjecture is that

lim Tv(rl) = TMIT(") . (3)

n—0o0
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Non-trivial check

@ For the BPS potential,

e2 2 2
V(lal) = 5 (18P - £)* . 4)
we know already the tension:
Tps = 27ng (5)

which is exactly what we obtain, using our large-n formula.
This could hardly be just a coincidence.
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Indications of the limiting shape
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Indications of the limiting shape
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Investigation of the SLAC-bag regime

Tension over n22 of degenerate vacua with various values of a/b
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Investigation of the SLAG-bag regime

Profile functions for x with =1 and 0=500
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Investigation of the SLAC-bag regime/Search for a phase
transition

Phase transition between the SLAC and MIT regime
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So far only an indication.
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Junctions in the Large-n Limit

Now we relax the translation invariance along the direction of the
vortex (2-direction) and obtain

- . 2mn
AQDZO, V(le, (DB:T (6)
and 2 f/2 fI'f
B 1+ —
_7wall+ ACENTRE feo=0 ")
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Phase Diagram of the Junctions
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The Vortex-Monopole Junction

Vortex—monopole junction
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The Vortex-Wall Junction
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The Full Phase Diagram of the Junctions

df/dz
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Conclusions and Outlook

e Simplification of vortex solutions in the large-n limit has been
found.

e Profile functions, independent of shape of potential, are found
and thus tension is known
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Conclusions and Outlook

e Simplification of vortex solutions in the large-n limit has been
found.

e Profile functions, independent of shape of potential, are found
and thus tension is known

@ Junctions have been found in the large-n limit, supporting the
argument of the wall-vortex.

@ Plausibly extensions to non-Abelian vortices can be found.

e How about 1/n-corrections?
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The Beast

Vortex-monopole junction with p=0.2




Outline

Int

0000000

roduction The Large-n Limit
0000000000000

The Phase Diagram for the Beast

df/dz
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