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Characteristics of Solitons

Vortices: map:
f : S1 (spatial infinity) 7→ S1(vacuum manifold)

Characterization: π1(S1) = Z ⇒ winding number: n

Monopoles: map:
f : S2 (spatial infinity) 7→ S2(vacuum manifold)

Characterization: π2(S2) = Z ⇒ winding number: n

. . .
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but simplify at infinite N
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Wrapped-up Wall

Higgs Phase

Coulomb Phase

Higgs Phase

�W~BRV

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

L = − 1

4e2
FµνF

µν − |(∂µ − iAµ)q|2 − V (|q|) , (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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Potential

V (|q|)

|q|q0

ε0 = v0

V (|q|)

v0

|q|

ε0

q0

We will see, that independent of the potential, only by given ε0

and q0, we can find the solution in the large-n limit.
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Tension of the Vortex

T (R) =
2πn2

e2R2
+ TW 2πR + ε0πR2 . (2)

Two regimes arise by increasing n:

SLAC Bag Regime: RV � ∆W and the surface term
dominates (only for some intermediate n)

TSLAC ∝ n2/3 and RSLAC ∝ n2/3

MIT Bag Regime: RV � ∆W and the volume term
dominates (always wins)

TMIT ∝ n and RMIT ∝
√

n
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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 g2N remains constant.

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

Consider the Abelian Higgs model with a general potential that has
a true vacuum at |q| = q0 6= 0 and a Coulomb phase with energy
density V (0) = ε0 6= 0. Call TV (n) the tension of the vortex with
n units of magnetic flux. The conjecture is that

lim
n→∞

TV (n) = TMIT(n) . (3)
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Non-trivial check

For the BPS potential,

V (|q|) =
e2

2

(
|φ|2 − ξ

)2
, (4)

we know already the tension:

TBPS = 2πnξ , (5)

which is exactly what we obtain, using our large-n formula.
This could hardly be just a coincidence.
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Numerical solution, Type I, n = 100
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Numerical solution, Type II, n = 100
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Numerical solution, BPS, n = 2.5× 104
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Tension for various n
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Investigation of the SLAC-bag regime
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Investigation of the SLAG-bag regime
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Investigation of the SLAC-bag regime/Search for a phase
transition
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Junctions in the Large-n Limit

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

∆ϕ = 0 , ~∇ϕ ‖ i , ΦB =
2πn

e
. (6)

and

− B2

2

∣∣∣∣
wall

+ TW
1 + f ′2 − f ′′f

f (1 + f ′2)3/2
+ ε0 = 0 , (7)
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Phase Diagram of the Junctions
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The Vortex-Monopole Junction
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The Vortex-Wall Junction
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The Full Phase Diagram of the Junctions
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Conclusions and Outlook

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

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.

How about 1/n-corrections?
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The Beast

−1 −0.5 0 0.5 1 1.5 2

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1

z

Vortex−monopole junction with ρ=0.2

 

 



Outline Introduction The Large-n Limit Conclusions and Outlook

The Phase Diagram for the Beast
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