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Strings at the TeV scale?
D. Lüst, O. Schlotterer, S. Stieberger, T. Taylor, arXiv:0908.0409

I Large extra dimension models: Gravity becomes strong
at a scale M of order 1 TeV

I Weakness of gravity at lower energies is explained by
large compactification radii R:

(4πGN)−1 = Mn+2Rn

I String corrections to standard model processes can
become visible at the LHC

I Experimental results give bounds on the fundamental
parameters, like the string mass
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Intersecting branes and the MSSM
I Massless spectrum of open superstrings with ends on N

coincident D-branes → U(N) gauge theory

I Strings with one end on an N-stack a and the other end
on an M-stack b → matter Φab transforming in
bifundamental representations (N,M) of the gauge
groups U(N),U(M) on the stacks

I Different intersection angles correspond to different
amounts of supersymmetry

I → Models of the MSSM possible!

I 3stack (color)
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Instantons in string theory
Motivation

I Remember: Instantons in field theory as finite-action
solutions of the Euclidean Yang-Mills equations.

I Minimize the Yang-Mills action:

LYM =
1
g2

∫
M

tr(F ∧ ∗F ) (1)

I Solution: Connections with selfdual/anti-selfdual field
strengths (F = ± ∗ F ), first given by Belavin, Polyakov,
Schwarz and Tyupkin (BPST)

Aa
µ(x ; x0; ρ) = 2

ρ2η̄a
µν(x − x0)ν

(x − x0)2[(x − x0)2 + ρ2]
(2)
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This can also be calculated in string theory:
Relevant objects:

I Spacetime-filling
D3-branes

I D(-1)-branes, i.e. points
in spacetime

I Open strings with ends on
the different branes
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Instantons in string theory
Motivation

Consider scattering of open strings which represent the gauge field
Aa
µ on the stack of D3 branes and open strings from the

D(-1)/D3-sector w , w̄

Fouriertransforming the amplitude
(in the limit where the string
tension vanishes) together with
the propagator of the gauge field

AI
µ(x) =

∫ d4p
2π2M

I
µ(p, w̄ ,w)

1
p2 e ipx

results again in the BPST
solution.

Pointlike objects in spacetime are the string analogue of field
theory instantons
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Instantons in string theory
E2-Instantons

I More general: Objects which are pointlike in the external
space and wrap (p+1) dimensional cycles of the internal
Calabi-Yau manifold → Euclidean p-instantons.

I Type IIA string theory with D6-branes → wrap
3-dimensional cycles in the Calabi-Yau

I Need 3-cycles to intersect pointlike in general position
→ E2-instantons.

I Massless spectrum of open strings with both ends on
the E2-instanton: universal zero modes

I Broken translational symmetry in the external space : xµ
I Broken supersymmetry: θα, θ̄α̇

I Massless spectrum of open strings with one end on E2
and one end on D6: charged zero modes λ (one
Grassmannian degree of freedom)
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Instantons in string theory
Instanton calculus
R.Blumenhagen, M.Cvetic, S.Kachru, T.Weigand, arXiv: 0902.3251v2

What is the instanton contribution to the four dimensional
effective type II supergravity action?

I Sum over all discs with no
matter inserted e

− vol(E2)

gs l3s

I Sum over all discs with
matter inserted together
with universal/charged
zero modes

〈λaΦabΦbc . . .Φxyλy 〉

I Integrate over zero modes
from strings with at least
one end on the E2-brane
(in analogy to field
theory: Integration over
bosonic/fermionic
collective coordinates)

∫
d4x d2θ d2θ̄ dnλ...
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Instantons in string theory
Instanton calculus
R.Blumenhagen, M.Cvetic, S.Kachru, T.Weigand, arXiv: 0902.3251v2

I Use the correct
normalization of the
holomorphic terms in the
supergravity action

M−n
P

eK/2ψiψj
∏

k 6=i ,j φk√
KiiKjj

∏
k 6=i ,j Kkk

→ If we have the right amount of universal and charged zero
modes we get a contribution to the superpotential of the
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Yukawa couplings from D-instantons
M.Cvetic, J. Halverson, R. Richter, arXiv: 0905.3379v2

Take for example a specific MSSM model:

Tabelle: Spectrum of the 5-stack quiver

Sector Matter Representation Multiplicity Hypercharge
ab Q1

L (a, b̄) 1 1
6

ab′ Q2,3
L (a, b) 2 1

6
ac DR (ā, c) 3 1

3
ac ′ U1,2

R (ā, c̄) 2 − 2
3

ae′ U3
R (ā, ē) 1 − 2

3
bc Hu (b̄, c) 1 1

2
bc ′ Hd (b̄, c̄) 1 − 1

2
bd ′ L1,2 (b̄, d̄) 2 − 1

2
be L3 (b, ē) 1 − 1

2
cd ′ E 1

R (c, d) 1 1
ce′ E 2,3

R (c, e) 2 1

Yukawa coupling Q1
LHuU12

R
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Yukawa couplings from D-instantons

Therefore we have to use an instanton with opposite charge
to generate the Yukawa coupling, e.g. via two disc
amplitudes:

λb λ̄c

Hu

E2

∫
d4xd2θdλbd λ̄c e−S0〈λbHuλ̄c〉
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But we have to sum over all possible discs with matter and
charged zero modes inserted.

→ additional contributions from the same instanton:
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Flavour Violation from D-instantons
Instanton vertices R. Blumenhagen, A. Deser, D. Lüst, to appear

λb λ̄c

DR

λcλb

Q1
L U 12

R

E2 E2

Q1
L

∫
d4xd2θ e−S0Y ′Q1

LDRQ1
LU12

R

Q1
L Q̃1

L

DR Ũ 12
R

λb λ̄c

E1
R

λcλb

Q1
L U 12

R

E2 E2

L12

∫
d4xd2θ e−S0Y ′′L12E 1

RQ1
LU12

R

E1
R Q̃1

L

L12 Ũ 12
R
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λb λ̄c

DR

λcλb

Q1
L U 12

R

E2 E2

Q1
L

∫
d4xd2θ e−S0Y ′Q1

LDRQ1
LU12

R

Q1
L Q̃1

L

DR Ũ 12
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Flavour Violation from D-instantons
Phenomenological consequences R. Blumenhagen, A. Deser, D. Lüst, to appear

Coupling of the instanton vertices to the MSSM. Examples:

u

c̄

L̃12

Ẽ1
R

γ̃

e−, µ−

e+

D0

I D0 → e+e−

I D0 → e+µ−

d

s̄

Q̃1
L

Ũ12
R

Hd

Hu

s

d̄

K0 K̄0 I K 0 − K̄ 0-mixing

d

s̄

Ũ12
R

e+

µ−

K0

Q̃1
L

Hu

Hd

I K 0 → e+µ−
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Ẽ1
R

γ̃

e−, µ−

e+

D0

I D0 → e+e−

I D0 → e+µ−

d

s̄

Q̃1
L
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Flavour Violation from D-instantons
Bounds on the string mass R. Blumenhagen, A. Deser, D. Lüst, to appear

I From experiment: BR(D0 → e+µ−) < 10−6

→ ΓD0 < 10−18 GeV
I Rough estimate of the instanton generated process:

u

c̄

L̃12

Ẽ1
R

γ̃

e−, µ−

e+

D0 M∝ e−S0

M
2
3s M

1
3
P

m4
susy

m2
D0

m5
susy

g2
em(msusy)

I → estimate Ms from below:

Ms > 10−7TeV with norm. 1

M
2
3s M

1
3
P

Ms > 2TeV with norm. 1
Ms
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Summary

I D-brane instantons in string theory: Pointlike objects in
the extended Minkowski space and wrapping
submanifolds of the internal Calabi-Yau space

I Give non-perturbative contributions to four dimensional
superpotentials

I Yukawa couplings
I µ-term, ...
I flavour violating couplings:

Neutral meson mixing, rare kaon/D0-decays...
I If the order of magnitude of the instanton vertex is fixed

(e.g. by an instanton required for Yukawa couplings) we
get lower bounds on the string mass.
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Thank you!


