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Study type IIB orientifolds with D7 branes and their
stabilization in global and explicit models.

F-theory is the right language to approach this

problem — elliptic Calabi-Yau.

M-theory on an elliptically fibred CY is dual to
F-theory in the limit of vanishing fibre.
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Motivation

Study type IIB orientifolds with D7 branes and their
stabilization in global and explicit models.
F-theory is the right language to approach this
problem — elliptic Calabi-Yau.

M-theory on an elliptically fibred CY is dual to
F-theory in the limit of vanishing fibre.

We can use M-theory to study the stabilization of this
elliptic CY and translate the result back to some brane
configuration.
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Motivation

V=xtifxtg <2 /Q
Vi

Brane moduli are complex structure deformations.
They are very explicit in the Weierstrass model.

On the M-theory side, flux potentials are given in
terms of period integrals

How do the periods relate to brane configurations ?

We want to attack this question and use the results to
study the stabilization of branes by fluxes
(without solving Picard-Fuchs equations).
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Cycles vs. branes for K3

Elliptic Threefolds

Brane stabilization by fluxes on K3 xK3
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K3

Elliptic K3 surfaces are fibrations of 72 over P'.

. A =4 +27g%
. 4(24f)°
\ oy 424

The polynomials fg and gq» control the
complex structure = brane positions
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Elliptic K3 surfaces are fibrations of 72 over P'.
The torus degenerates over 24 points.

E ‘ Torus degenerates

y2 = X%+ fgx + gr2

A = 41§ +279%

monodromy

The polynomials fg and gq» control the
complex structure = brane positions
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weak coupling limit

To construct the cycles and to make contact with 1IB on
T2/Z, we use Sen’s weak coupling limit :

f=Cn—3m, g=Chp—2m+C%, C—0

In this limit: A = C2h?(n? + 12hy)

There exists an SL(2, Z) frame in which all monodromies are
—T-%  around h=0: O7planes
T around n”? +12hy =0: D7 branes

For K3 this means we have 4 O-planes and 16 D-branes.

Andreas Braun D7 brane moduli and their flux stabilization via F-theory



K3 cycles

We can now construct a two-cycle by following the fibre
torus as we move in the base.

This cycle is equivalent to a relative one-cycle in the base
which has a fibre part vanishing at the D brane positions.
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Intersection pattern

The intersection pattern gives the Cartan matrices of Ay and
Dy, corresponding to the expected gauge enhancement.

R

This is expected because the vanishing of these cycles
produces a singularity in K3, so that we have reproduced
the known dictionary between singularities and gauge
enhancement.

Gauge enhancement occurs if an integral form of
self-intersection —2 is orthogonal to 2 and J.
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More cycles

Besides the 16 cycles that move the branes relative to the O7
planes, there are four more.

D
D4 4

These cycles surround two O-planes and can wrap an arbitrary
direction in the fibre.

The 20 cycles we have found account for the 18 complex
structure deformations of an elliptic K3.
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Global picture

From the duality to the heterotic string, it is known how to
expand

1
QSO(8)4 = E (Oé + Weg + Sﬁ — SW61)

in some basis of H?(K3,Z). (J is fixed to fibre and base)

The forms «, (3, e; and e, are dual to the four two-cycles of
T4/Zz, W and S are the complex structures of the base and
fibre torus, respectively.

We can find the lattice 2U? ® Dj that corresponds to the 20

cycles we have constructed in

H?(K3,2) \ Pic(K3) = U? ® —E2.

We can now deform the complex structure and study how the
brane positions are changed when the periods change.

Andreas Braun D7 brane moduli and their flux stabilization via F-theory



Global picture

The periods measure the (complex) size of the various cycles.

zZ
Y QANy=2Z

K3

1 R
Q= (a+ Ues + S8~ (US - 2)er) + Eiz
We can choose the E; such that z; are coordinates of the D7
branes in the covering space of the base. Can check
singularities, periodicities, etc...

This gives us the desired map (and some intuition) which will
be exploited later.
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Threefolds

In the case of an elliptic threefold, branes are complex curves
that move in a complex two-dimensional space.
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Threefolds

In the case of an elliptic threefold, branes are complex curves

that move in a complex two-dimensional space.
We construct threecycles for D branes and O planes in a similar

manner. S—

Expect 2g(D7) cycles
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Threefolds

In the case of an elliptic threefold, branes are complex curves
that move in a complex two-dimensional space.

We construct threecycles for D branes and O planes in a similar
manner.

Expect 29(D7) + Ip7.07 — 2 cycles
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Threefolds

In the case of an elliptic threefold, branes are complex curves
that move in a complex two-dimensional space.
We construct threecycles for D branes and O planes in a similar

manner. o7

or

Expect 4g(O7) cycles
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Threefolds

Degrees of freedom vs. cycles:  h%") =

In the Orientifold limit:
The threefold is given as Z = (K3 x T?) /2.
Can use Nikulin’s classification to show:

bs(Z) = 4907 + 2b>(K3/2,)

Move a D-brane~ nKjp off the O plane,

Deformations:

Cycles: 2g = n(n—1)K3 +2 Ip7.o7 —2 = 2nK3 — 2
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Obstructions

In the weak coupling limit, the D7 brane is NOT a generic
hypersurface ! D7 : n? + 12hy = 0.

type 1IB

o7

D7

This reduces the degrees of freedom by Ip7.07/2
In F-theory this forces the D-brane to touch the O7 plane.

This means that the D7 brane can only have double
intersections in the type |I1B orientifold.

Conijecture: there is monodromy acting on the one-cycles of the
D7 brane, similar to the appearance of non-simply laced groups
in F-theory.
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M-theory on K3 xK3

Now: study flux stabilization of M-theory on K3xK3 in the
F-theory limit and use our previous results.
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M-theory on K3 xKS3

Now: study flux stabilization of M-theory on K3xK3 in the
F-theory limit and use our previous results.

Studied by various authors, see e.g.:

Starting point: %4 ! <

:ﬁ /~ G4/\*G4—G4/\G4>

K3xK3

The geometric moduli of K3 are given by a spacelike
threeplane ¥ in H?(K3). H?(K3) has signature (3, 19).

The three orthonormal forms w; that span this plane give

J=V2vrwy, Q= wo + iws.
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M-theory on K3 xKS3

The flux can be expanded as: Gy = Y _ G"nj A fia
N

Using the intersection form, G'M can be vieweNd as a map
between the cohomology groups of K3 and K3:

H2(K3) % H2(K3), H2(K3) & H2(K3).

The flux potential can now be expressed as

V= _2(]/15)3 (Z IB[Gw]|2 + > P[GaW/]Z.)
i J

Here P and P project onto the directions orthogonal to ¥ and .
V is explicitly invariant under the SO(3) rotating the three w;
and is positive definite.
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Vacua

We find Minkowski vacua iff
G cY and GXcy.

This is equivalent to the diagonalizability of G2G (not for free as
H?(K3) is non-definite) with non-negative eigenvalues.
In this case also G and G? can be bidiagonalized.

Tadpole

Without D3 branes: [ G4 A G4 = trG?G = x/12 = 48
— cannot switch on fluxes on all cycles.

Stability

Flat directions occur iff, for G28G = diag(as, az, as, b;) the sets of
eigenvalues a; and b; are pairwise distint.
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How to choose a given brane configuration

In the F-theory limit, J=bB+ fF + jm — fF.

e We have to find two positive norm eigenvectors of GG to
find Q (in a space of signature (2, 18)).

e The intersetion product between 2 and the elements of the
lattice H?(K3, Z) determines the gauge enhancement.

e By giving GG the right block structure, a desired gauge
enhancement can be achieved.

A(g n) 0 ) ( w )
GG = ’ — Q=
( 0 Bp,16-n) 0
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How to choose a given brane configuration

In the F-theory limit, J=bB+ fF + jm — fF.

e We have to find two positive norm eigenvectors of GG to
find Q (in a space of signature (2, 18)).

e The intersetion product between 2 and the elements of the
lattice H?(K3, Z) determines the gauge enhancement.

e By giving GG the right block structure, a desired gauge
enhancement can be achieved.

A(g n) 0 ) ( w )
GG = ’ — Q=
( 0 Bp,16-n) 0

Can reproduce the attractive solutions of Aspinwall and Kallosh.
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Supersymmetry

The conditions

GiAJ=0 and Gs=Go?

put constraints on G|s and G

o If the kernel has dimension three, we find N = 2 in 4D.

e If the kernel is one-dimensional and GG acts as the
identity on the direction orthogonal to the kernel, we find
N =1in4D.

e Otherwise, Susy is completely broken.
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Conclusions

We have understood in detail how D7 brane configurations
are encoded in the geometry of an elliptically fibred K3.

This allows us to choose the gauge symmetry by turning

on appropriate fluxes.

We have demonstrated that the ideas used for K3 can be
extended to the threefold case.
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Conclusions

We have understood in detail how D7 brane configurations
are encoded in the geometry of an elliptically fibred K3.

This allows us to choose the gauge symmetry by turning

on appropriate fluxes.

We have demonstrated that the ideas used for K3 can be
extended to the threefold case.

Finally, our interest is in elliptic fourfolds,
statistics...
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Example

SO(8) x SO(6)

We first choose a basis in which the intersection form is
2U2 @ A D3, where

4 0 0 0
0 -2 1 1
A=1 o 2 0

1
0 1 o -2
We choose the flux to be

Gl/\ —

QO - —
- ) —
o = O

Andreas Braun D7 brane moduli and their flux stabilization via F-theory




Example

G//\ —

QO - =
- ) —
o = 0O

015

This leaves the lattice Dj ® Az orthogonal to Q.
We have deleted one root from the Dynkin diagram:

o e
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