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Introduction

In general, to apply concepts of string theory to the real world, we need to

compactify our string theory on a manifold M to four space-time
dimensions.
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Introduction

In general, to apply concepts of string theory to the real world, we need to
compactify our string theory on a manifold M to four space-time
dimensions.

The physics (field content, gauge groups,...) of the resulting effective
supergravity theory are determined by the geometry of M. Therefore, we
need to understand its structure.

Of special interest to phenomenology is F-Theory, since it allows insights
into strongly-coupled behavior of string-theory. This (in some sense)
twelve-dimensional string theory needs to be compactified on a so called
(elliptically fibered) Calabi-Yau four-fold. (CY3)
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@ Mirror Symmetry on CY;,
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Dimensional Reduction

D-dim. gravity theory coupled to matter
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Dimensional Reduction

D-dim. gravity theory coupled to matter

Iy ‘ = n-dim. effective theory
D—n N J

At every point of the curved spacetime
M, there is a very small deformable
internal manifold Mp_,, whose
eigenmodes around a stable ground state

/\/]n correspond to fields on M,,.

1
Mass ™ Size (Mp_,)
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Dimensional Reduction

Since the internal manifold Mp_, is very
small, we can neglect the massive modes
for the effective theory.

Mo-n ()

/L
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Dimensional Reduction
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Since the internal manifold Mp_, is very
small, we can neglect the massive modes
for the effective theory.

= Consider only massless eigenmodes!
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Dimensional Reduction

Since the internal manifold Mp_, is very
small, we can neglect the massive modes
for the effective theory.

Mp_p ,, = Consider only massless eigenmodes!

The massless oscillations around a stable
M"

ground state of Mp_, preserve the
geometric structure.
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Dimensional Reduction
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Since the internal manifold Mp_, is very
small, we can neglect the massive modes
for the effective theory.

= Consider only massless eigenmodes!

The massless oscillations around a stable
ground state of Mp_, preserve the
geometric structure.

Parameters of a geometrical object
preserving its structure are called
moduli.
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Dimensional Reduction

Mo-n ()

w/
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Since the internal manifold Mp_, is very
small, we can neglect the massive modes
for the effective theory.

= Consider only massless eigenmodes!

The massless oscillations around a stable
ground state of Mp_, preserve the
geometric structure.

Parameters of a geometrical object
preserving its structure are called
moduli.

= Study moduli!
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Moduli - Circle

The only adjustable parameter of a circle
preserving its structure is its radius R.




Moduli - Circle

The only adjustable parameter of a circle
preserving its structure is its radius R.

Therefore, only the deformations dR are
possible.
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as internal manifolds.



Moduli - Torus

In order to obtain supersymmetry, we need to consider Calabi-Yau spaces
as internal manifolds.

The simpelst example of a Calabi-Yau manifold is a torus T2. It is given
by a product of two circles:
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Moduli - Torus

In order to obtain supersymmetry, we need to consider Calabi-Yau spaces
as internal manifolds.

The simpelst example of a Calabi-Yau manifold is a torus T2. It is given
by a product of two circles:

Therefore, we haven now two moduli: R,, Rp.
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Moduli - Torus

In order to obtain supersymmetry, we need to consider Calabi-Yau spaces
as internal manifolds.

The simpelst example of a Calabi-Yau manifold is a torus T2. It is given
by a product of two circles:

Therefore, we haven now two moduli: R,, Rp.
= Two independent eigenmodes to excite!
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Moduli - Torus

We choose a special basis for the moduli:

a




Moduli - Torus

We choose a special basis for the moduli:

a3 Volume: V=R, R,




Moduli - Torus

We choose a special basis for the moduli:

a3 Volume: V=R, R,

R
Ratio: R = Fz




Moduli - Torus

We have two basic eigenmodes:

. R
constant ratio: R = Fa = const.
b

(equal phases)




Moduli - Torus

We have two basic eigenmodes:

b

(equal phases)

constant volume: V = R, - R, = const.

(opposite phases)
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Mirror Symmetry

Consider now the torus 72 defined by



Mirror Symmetry

Consider now the torus T2 defined by

~ 1 N ~ A R
Rp = Ri=R:;. =V=R, b:l:R!

>

) =const. R =const.
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Mirror Symmetry

>

) =const. R =const.

Due to this correspondence, on both geometries (stable ground states) we
have the same content of massless eigenmodes.
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Mirror Symmetry

>

) =const. R =const.

Due to this correspondence, on both geometries (stable ground states) we
have the same content of massless eigenmodes.

= We have the same physics on both configurations!
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Mirror Symmetry

This symmetry is called mirror symmetry and T2 is the mirror of T2.

Themap R+~ Vs called mirror map.



Mirror Symmetry

This symmetry is called mirror symmetry and 72 is the mirror of T2.

The map R+— Y is called mirror map.

Mirror symmetry has the advantage that

A 1
(5Rb > 1, = (SRb ~ W <K ].,
b

i.e. non-perturbative effects map to perturbative effects and are
therefore acessible for calculations.
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Mirror Symmetry

This symmetry is called mirror symmetry and 72 is the mirror of T2.
The map R+— Y is called mirror map.
Mirror symmetry has the advantage that

A 1
(5Rb > 1, = (SRb ~ W <K ].,
b

i.e. non-perturbative effects map to perturbative effects and are
therefore acessible for calculations.

With the same argument, quantum effects can be mapped to classical
effects and are treatable this way.
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Mirror Symmetry on CYj,

However, in higher dimensions mirror symmetry is highly non-trivial, but
in the acessible cases it gave us a number of insights into the
non-perturbative behavior of string theory.
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Mirror Symmetry on CYj,

However, in higher dimensions mirror symmetry is highly non-trivial, but
in the acessible cases it gave us a number of insights into the
non-perturbative behavior of string theory.

For a long time it has been known how to treat Calabi-Yau one-folds ( 72)

and during the last decades vast knowledge of CY> (K3-surface) and CY3
has been aquired.
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Mirror Symmetry on CYj,

However, in higher dimensions mirror symmetry is highly non-trivial, but
in the acessible cases it gave us a number of insights into the
non-perturbative behavior of string theory.

For a long time it has been known how to treat Calabi-Yau one-folds ( 72)
and during the last decades vast knowledge of CY> (K3-surface) and CY3
has been aquired.

Unfortunately, the 8-dimensional case, CY4, is hardly studied, beside the
analogues of lower dimensional properties.

Sebastian Greiner (MPP Munich) Mirror symmetry of CYy IMPRS Workshop June 2015 13 /18



Mirror Symmetry on CYj,

In our present work, we discuss the so called h%1-moduli (N'), which

where not acessible before, due to the lack of a good base choice for these
moduli.
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Mirror Symmetry on CYj,

In our present work, we discuss the so called h%1-moduli (N'), which

where not acessible before, due to the lack of a good base choice for these

moduli.

In particular, we found that the Kahlerpotential receives corrections for

N' £ 0:

K=—logV— Iog(/Q /\Q)—ReN,(/ JAV! A B™)ReN,,
where )
v = ERe(f)""(am — ifmk8%) € H*1(Yy)  [Grimm]
with o, 8% a basis of H3(Y4,R) and

dfim

flm = f/m(Z), dz—
K

Sebastian Greiner (MPP Munich) Mirror symmetry of CYy IMPRS Workshop June 2015

14 / 18



Mirror symmetry on CY,

Using mirror symmetry we found that the new correction at large
volume/complex structure behaves like

v

ReN/(/J/\ W A B™YReN, ~ Re(z)’
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Mirror symmetry on CY,

Using mirror symmetry we found that the new correction at large
volume/complex structure behaves like

v

ReN/(/J/\ W A B™YReN, ~ Re(?)’

This implies that the A-model and the B-model of topological string

theory on the same CY; get coupled and can therefore no longer be
treated independently.
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Summary

We can use a geometric symmetry to gain insights into non-perturbative
behavior of (stringy) physics.



Summary

We can use a geometric symmetry to gain insights into non-perturbative
behavior of (stringy) physics.

On CY4 new moduli arise, that have no lower-dimensional analogue.
Mirror symmetry allows us to make first statements about their properties,
that are currently not available in the literature. (publication planned)
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Outlook

With new moduli accessible, we have started a whole new field to explore:
o Phenomology
o Geometrical Engineering

o Topological String Theory
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Outlook

With new moduli accessible, we have started a whole new field to explore:
o Phenomology
o Geometrical Engineering
o Topological String Theory

@ many more!
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Thank you for your attention!



