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String model building

* Heterotic string compactifications on ( )
* Type Il A orientifolds: Intersecting Braneworlds (IBW)
* Type |: magnetised D9/D5-branes
* Type Il B orientifolds: D7/D3-branes, branes at
singularities
In all classes one can build semirealistic models, which come
with
e MSSM like physics

°* many unobserved particles, in particular singlet states
(moduli)
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In order to make progress towards making definite low energy
predictions from string theory one must resolve the issue of
moduli stabilisation
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In order to make progress towards making definite low energy
predictions from string theory one must resolve the issue of
moduli stabilisation

* Tree level effects: Fluxes ("tunable”)
* Non-perturbative effects: instantons, gaugino
condensation (defined by string background)

Program: Systematic investigation of string instanton effects
for various classes of =1 string vacua

(Most of the work so far was for world-sheet instantons in
Type Il and heterotic string theory and for M-brane
instantons)
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e D-brane instanton effects on = 1 4D action
* /Zero mode structure and possible lifting
e CFT instanton calculus

* E2-instanton corrections to holomorphic objects
and

* Instanton corrections to D-terms  brane stability

* |nstanton effects in realistic D-brane string vacua

* Generation of closed/open string superpotential
moduli stabilisation, inflation

* Generation of perturbatively forbidden but
phenomenologically desirable matter couplings like
Majorana masses for neutrinos, Yukawa couplings for

(5) models or mass terms for exotic matter.

* Stringy derivation of field theory instanton effects
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Gauge group
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Gauge group
()= () 1)

in general contains anomalous (1) symmetries

Anomaly cancellation via the 4D Green-Schwarz mechanism

* Anomalous (1)s become massive and survive as global
perturbative symmetries

* Only specific linear combinations of (1)s are massless
and remain as unbroken gauge symmetry (like (1) )

* Global (1) forbid some desirable matter couplings, e.g.

Majorana type neutrino masses, (5) Yukawa couplings
or -terms  relation to M-theory on ~ manifolds(?)
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Instanton corrections in string theory can break the axionic
shift symmetries and therefore the global U(1) symmetries.
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Instanton corrections in string theory can break the axionic
shift symmetries and therefore the global U(1) symmetries.

Consider: D2-brane (E2) instantons in Type IIA wrapping a
sLag three-cycle = on Calabi-Yau.
From E2-E2 open strings:

* Generic 4 bosonic zero modes and 4 fermionic zero

modes and

* Due to deformations, (=) complex bosonic zero modes
and fermionic zero modes  and
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F-terms possible only if

* Thetwo  zero modes are projected out by Q. For this
the E2 must be invariant under — and must be an (1)
instanton (instead of  (2) or (1))
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F-terms possible only if

* Thetwo  zero modes are projected out by Q. For this
the E2 must be invariant under — and must be an (1)
instanton (instead of  (2) or (1))

e The two  zero modes can be absorbed elsewhere, like
for instantons on top of D6-brane:

Oass.-312)

B(3/8,3/2) b(0,0)

fermionic ADHM-constraints ,
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E2-E2’ instanton recombination:

e 2 2 =0: After recombination the resulting object

does not have zero modes, but additional fermionic
zero modes appear spoiling the generation of an F-term.

e [ 2 2] =1: After recombination are soaked up
and — zero modes survive (deformations of the

instantons)  generation of Beasley/Witten type
multi-fermion couplings

Fluxes are known to lift E3-instanton zero modes

° In Type lIB Q2 ( 1) orientifolds a primitive flux
does not lift the zero modes of an U(1) instanton
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Instanton action:

= exp (€2)

Is not gauge invariant under (1) !
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Instanton action:

= exp (€2)

Is not gauge invariant under (1) !

Indeed

where
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Consequence: If  ( 2) =0 for some , no terms

= possible but:

= with @)+ ( 2)=0

I.e. non-perturbative breakdown of global (1) symmetries.
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Consequence: If  ( 2) =0 for some , no terms

= possible but:

= with @)+ ( 2)=0

I.e. non-perturbative breakdown of global (1) symmetries.

How can we understand this selection rule in terms of
fermionic zero modes?
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Additional Zero modes charged under
Strings between 2 and 6 have DN-boundary conditions in
4D and mixed boundary conditions along

1/2 complex fermionic zero mode

(1) :

zero modes Reps. number
(1 o)| =1 = II
B (1 O) =1 = II]
(1 0O) =1 = II
B 1 o) =1 = II]
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Additional Zero modes charged under

Strings between

(1) :

2and 6 have DN-boundary conditions in

4D and mixed boundary conditions along
1/2 complex fermionic zero mode

Total

zero modes Reps. number
(1 o)l =1 = II°
B (1 O) =1 = II]
(1 0O) =1 = II
B 1 o) =1 = II]
(1) charge of all zero modes:
(2)= &= (II 1)
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E2-instantons are described by open strings  computation
of stringy instanton correlation functions should be possible in
(boundary) conformal field theory.
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E2-instantons are described by open strings  computation
of stringy instanton correlation functions should be possible in
(boundary) conformal field theory.

As a first step we would like to compute (rigid)
E2-contributions to the charged matter field superpotential

o

with @ = + denoting chiral matter superfields
at the intersection of IT  with IT (suppress Chan-Paton
labels for simplicity).
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Probe superpotential by correlator
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Recall: loop-amplitudes uncharged (no  -insertion)
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Recall: loop-amplitudes uncharged (no  -insertion)

Factor off vacuum loops involving at least one 2
boundary:

(2 6)= — Tr =0

and likewise (2 6)=0but ( 2 2)=0(dueto
bose-fermi deg.).
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Recall: loop-amplitudes uncharged (no  -insertion)

Factor off vacuum loops involving at least one 2
boundary:

(2 6)= — Tr =0

and likewise (2 6)=0but ( 2 2)=0(dueto
bose-fermi deg.).
Therefore

exp( ) =exp (2 6)+ (2 6)

One-loop determinants!
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Diagrammatically we have the relation (for even spin
structures)

E2, D, = |Dg D,

Open problem: Computation of odd spin-structure 2 6
amplitude.
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Stringy one-loop amplitudes are known to include the
holomorphic Wilsonian part and non-holo. contributions from
wave-function normalisation

2 — —In — —
(2) = Re( ) S n 2
In — + 5 In det
with
2 2
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The CFT disc amplitudes combine non-holomorphic and
holomorphic pieces

© [] - =
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The CFT disc amplitudes combine non-holomorphic and
holomorphic pieces

© [] - =

Therefore, all the non-holomorphic piece including the
iInstanton cancel out and one gets the holomorphic quantity

exp( ) exp( )

Higher loop only contribute to corrections of Kahler potentials.
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For E2-instantons with no matter field zero modes corrections
to the uncharged closed/open string moduli superpotential
can be generated

= ( 4)

* Vacuum destabilisation
 KKLT like stabilisation of closed string moduli

* [nflaton potential for D-brane modulus A
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For appropriate E2-instantons, important perturbatively
excluded matter couplings can be generated
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For appropriate E2-instantons, important perturbatively
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Non-pert. Majorana coupling:

with
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For appropriate E2-instantons, important perturbatively
excluded matter couplings can be generated

Majorana masses for right-handed neutrinos

Non-pert. Majorana coupling:

with

The natural mass scale is so that 1S
non-pert. suppressed w.r.t. to !
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Consider  (5) GUT model via intersecting D6-branes.

sector | number | (5) (1) reps. (1)
() 3 10 -

3 5 -
() 3 1 -
() 1 5 +5 ( 1)+(1)
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() 3 10 -
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Perturbative Yukawa couplings
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Consider  (5) GUT model via intersecting D6-branes.

sector | number | (5) (1) reps. (1)
() 3 10 -

3 5 -
() 3 1 -
() 1 5 +5 ( 1)+(1)

Perturbative Yukawa couplings

10 5 5

Y

Yukawa couplin
PHng 10 10 5

is not (1) invariant (but present on

manifolds) .
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Can be generated, if the model contains an  (1)-instanton
with 2 = land 2 = 1,

B2 D6, B2 D6, E2 _ De

D6, D6, D6,
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Can be generated, if the model contains an  (1)-instanton
with 2 = land 2 = 1,

E2 D6, E2 D6, E2 D6,

D6, D6, D6,

= 10105 10 10 5

Flipped  (5): hierarchy between ( ) and ( ) by E2-
instanton, flavour hierarchy by world-sheet instantons
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N=1 SQCD with

VAN

~ — ~

1 flavours
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Issues:

* Fermionic zero modes:
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e ADHM constraints
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Issues:

* Fermionic zero modes:

- 3 O+ @
e Bosonic zero modes
— PP + DD
e ADHM constraints
Eventually one arrives at
A
det| ]
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Holomorphy dictates that for D6-branes the holomorphic
gauge kinetic function must look like

= + +
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Holomorphy dictates that for D6-branes the holomorphic
gauge kinetic function must look like

= + +

For intersecting D6-branes on the holomorphic one-loop
gauge threshold corrections are: ,

o — 1 sector: =0

0 — 2 sector: =In( ( ))

World-sheet instanton corrections come from world-sheets
with two boundaries  expect E2-instantons from non-rigid
ones with (Z) = 1.

BW2007, 02.09.2007 — p.24/28



BW2007, 02.09.2007 — p.25/28



Zero modes: , , . Distinguish two cases depending on
how the anti-holomorphic involution ~ acts on the open string
modulus
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Zero modes: , , . Distinguish two cases depending on
how the anti-holomorphic involution ~ acts on the open string
modulus

The zero mode measure reads

for

and

for
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An instanton wrapping a 3-cycle with (=) =1 and no
additional zero modes can generate a correction to the
() gauge kinetic function.
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An instanton wrapping a 3-cycle with (=) =1 and no
additional zero modes can generate a correction to the
() gauge kinetic function.

exp ( 2) (2 6)
where (2 6 ) is the annulus diagram
Fa(O) e w2
D6, E2
Fa(O) 9(1/2) u(-1/2)
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Classically
= (€2)

If =0 classically for all branes, then no Fl-term is
generated at one-loop.
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Classically
= (€2)

If =0 classically for all branes, then no Fl-term is
generated at one-loop.

But if =0 then a Fl-term is generated on a D6-brane at
one-loop

(D6 D6 )
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Classically
= (€2)

If =0 classically for all branes, then no Fl-term is
generated at one-loop.

But if =0 then a Fl-term is generated on a D6-brane at
one-loop

(D6 D6 )

Expect also E2-brane instanton corrections  stability of
D-branes
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