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String theory has 10 dimensions

• 6 of the spatial dimensions are compactified;

• Flux compactification into a Calabi-Yau like 
manifold yields a stabilized 6-dim. internal space;

• There are D3-branes that span our uncompactified 
3-dimensional space; they appear as points in the 
internal space;

• We may live in a stack of these D3-branes. 
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A typical flux compactification in Type IIB

A typical flux compactification has hundreds of warped throats,
each described by a complex structure modulus.
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Manifold with warped throats and D3-branes

Energetically, D3-branes, D1-strings and F1 strings 
like to move to the bottom of the warped throats

Each warped throat has a warped factor h.



D1 and F1 strings
D3-brane

D1-vortex

D1-vortex loop

D1-string

Figure 3: A D1-string intersecting a D3-brane and forming a D1-vortex inside the D3-brane. The
picture also shows a D1-vortex loop existing on its own.

as measured by C2. This screening of C2 charge happens because C2 becomes massive.

Naively, they look like a D1-string screened by an anti-D1-string. However, they cannot

annihilate, since the origin of the RR charge for the D1-component is di!erent from that

for the anti-D1-component. Furthermore, the two charges do not cancel locally. As we

move this vortex outside a D3-brane, the magnetic flux around the core disappears since

the gauge field is absent outside the D3-brane. So this vortex recovers its RR charge

and becomes a D1-string. In this sense, we believe the conserved winding number is the

appropriate quantity to follow as we move a D1-string inside/outside a D3-brane. In the

tachyon condensation picture, a BPS D1-string is a vortex, so here we simply see that the

vortex changes its thickness, tension, and magnetic flux as it moves in/out a D3-brane, but

it is always topologically stable, due to the winding number measured by the axion !.

As " ! g1/2
s goes to zero, the vortex grows (1/") to infinite size and its energy density

spread throughout the D3-brane. The D1-string tension ("!2) also goes to infinity while the

D1-vortex tension grows only logarithmically. So, as a D1-string moves inside a D3-brane,

it goes to a lower tension vortex with infinite size, i.e., just like dissolution.

4.3 Low Energy E!ective Theory in String Theory

The #-function is the origin of the singular behavior of the tension. Including the partner

of C2 (i.e., |"|) should get rid of the #-function singularity. In string theory, this massive

Higgs mode is always present. Together with !, they form a complex scalar mode. Consider

the low energy e!ective theory of a generic Type IIB orientifold model. One may write the

e!ective Lagrangian for all the string modes as

L = L0,2 + L0,I + LM (4.9)
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F1 strings break up into 
pieces inside D3-branes

D1-strings become 
(metastable) vortices

Size of vortex
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Cosmic string tension spectrum in a 
warped deformed throat

to have a simple (expected) form:

Tp,q ⇥
h2

A

2⇥��

⇥
q2

g2
s

+ (
bM

⇥
)2 sin2(

⇥p

M
), (1.3)

but the way it comes about is interesting. Indeed, the tension is obtained by min-
imizing the Hamiltonian of the D3-brane world volume action after integrating out
the extra dimensions. Care must be taken with the Hamiltonian when one has an
electric field on a D-brane. For example the Chern-Simons terms which do not con-
tribute to the stress energy tensor due to their topological nature nevertheless a�ect
the Hamiltonian (hence the tension and energy) by coming into play via the con-
jugate momentum. This contribution turns out to be crucial here and leads to the
above simple formula (1.3).

This formula has the right limits. Setting either p = 0 or q = 0 reproduces
Eq.(1.2). For M � ⇤ and b = hA = 1, it reduces to Eq.(1.1). Because p is
ZM -charged with non-zero binding energy, binding can take place even if (p, q) are
not coprime. Also, M fundamental strings can terminate to a point-like baryon,
irrespective of the number of D-strings around.

The paper is divided as follows. Sec. 2 reviews the properties of the KS throat
we need. Sec. 3 contains the calculation and the main result. Sec. 4 includes general
discussions and some comments on the issues remaining.

2. A Throat in the Calabi-Yau Manifold

2.1 The Conifold

A cone is defined by the following equation in C4

4�

i=1

w2
i = 0 (2.1)

Here Eq.(2.1) describes a smooth surface apart from the point wi = 0. The geometry
around the conifold is studied in [30]. The base of the cone is a manifold X given
by the intersection of the space of solutions of Eq.(2.1) with a sphere of radius r in
C4 = R8, �

i

|wi|2 = r2

We are interested in Ricci-flat metrics on the cone which in turn imply that
the base of the conifold is a Sasaki-Einstein manifold. The simplest five dimensional
Sasaki-Einstein manifold for N = 1 supersymmetry is T 1,1 and it is the only manifold
for which the deformation is explicitly known [12].

4

b = 0.93266

A baryon with mass! M3/2hA/
"

!!

E.g.  Klebanov-Strassler Throat :

b=0 in the presence 
of branes

Very large M in bulk

Leblond, Firouzjahi, HT, hep-th/0603161
Herzog, Klebanov, hep-th/0111078



Possibilities
• Cosmic strings may fall into the throats. Each 

warped throat (with no D3-branes in its 
bottom) has its own (p,q) spectrum. 

•  A throat with D3-branes at its bottom will only 
have D1 vortices.

• Presumably most if not all the throats have 
their own cosmic string networks. Each throat 
has its own tension scale, typically some orders 
of magnitude below the string scale.

• This results in high cosmic string density (i.e., 
sum of cosmic string networks).



Another possibility

• Cosmic strings may continue to oscillate in 
the internal space because the damping into 
a throat is too weak.

• Strings moving in 9 spatial dimensions do 
not see each other, so intercommutation 
probability is small and the cosmic string 
density is very high.

Avgoustidis, 0712.3224
Avgoustidis, Chadburn, Gregory, 1204.0973



3 properties to consider

• If a throat has no branes, the beads and 
junctions can slow down the strings.

• If a throat has D-3 branes, or D7-branes are 
around, the thickness of the D1-vortex 

• Many throats
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The cosmic string density can be much 
higher than expected, 

either 
as a sum of cosmic string networks, 

or
as strings moving in internal space.

In both cases, one should detect 
different string tensions.

Summary


