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Group Members (2004)

• Group Leader: Koichi Hamaguchi (previously: Laura Covi)

• Postdoctoral Fellow: Jörn Kersten

• Graduate Student: Jan Hamann
— L.Covi is still supervising the dissertation of J.Hamann
(local supervision: Wilfried Buchmüller and Koichi Hamaguchi)

The members of the group VH–NG–006 “Particle Physics and Cosmology” have been working
on several topics in the field of Particle Physics and Cosmology. Some of them have already
been published. Here we report the activities and publication list in 2004 and early 2005.

Quantum Corrections to Neutrino Masses and Mixings (J. Kersten)

Neutrino masses and mixing parameters are subject to quantum corrections and thus depend
on energy. This has to be taken into account when comparing theoretical predictions, typically
arising from models at high energy scales such as the GUT scale, and measurements, which
determine parameters at low energies. In Ref. [1], the quantum corrections in see-saw scenarios
were systematically analyzed, including effects from above the see-saw scales. Approximate
renormalization group equations for neutrino masses, lepton mixings and CP phases were de-
rived, yielding an analytic understanding and a simple estimate of the size of the effects. Even
for hierarchical masses, they often exceed the precision of future experiments. Furthermore,
the Mathematica package REAP/MPT was presented that allows for a convenient numerical
renormalization group analysis, with heavy singlets being integrated out successively at their
mass thresholds.

Symmetry Breaking in Hybrid Inflation (J. Hamann)

The paradigm of inflation solves a number of cosmological fine-tuning problems by predicting a
period of accelerated expansion in the early Universe. Additionally, it provides an explanation
for the generation of density fluctuations, which beautifully agrees with recent observations of
the Cosmic Microwave Background. Hybrid inflation is an elegant realization of this mechanism
that can be embedded in a supergravity framework in a very natural way. The end of hybrid
inflation involves a second order phase transition, during which a symmetry of the model is
broken. If this symmetry is local, one needs to introduce gauge fields, whose effect on the
dynamics of the system we are currently investigating [2].

Gravitino Dark Matter and Signatures at Colliders (K. Hamaguchi)

The origin and nature of Dark Matter is one of the fundamental problems in particle physics
and cosmology. Supersymmetry (SUSY) provides a natural candidate for dark matter particles
— the lightest SUSY particle (LSP). The gravitino is one of the attractive candidates for the
LSP.

If the gravitino is the LSP, the next-to-lightest SUSY particle (NLSP) becomes very long-
lived. In Refs. [3], we have proposed ideas to identify the gravitino LSP at colliders, by analyzing
the decay of a charged slepton NLSP to the gravitino LSP. In Ref. [4], we discussed the prospects
of collecting such long-lived charged slepton NLSPs at the LHC and ILC.
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If the long-lived charged slepton NLSPs will be indeed collected at future colliders, various
new physics can be explored. In Ref. [5], we studied the prospects of direct detection of lepton
flavour violation in charged slepton NLSP decays. In Ref. [6], we studied the signatures of the
axino LSP scenario as well as the gravitino LSP scenario in the slepton decay, and showed that
the two scenarios can be distinguished.

Dilaton/Moduli Destabilization at High Temperature (K. Hamaguchi)

Many compactifications of higher-dimensional supersymmetric theories have approximate vac-
uum degeneracy. The associated dilaton/moduli fields are stabilized by non-perturbative effects
which break supersymmetry. In Refs. [7], we pointed out that, in the early universe with high
temperature, the thermal corrections have a destabilizing effect on dilaton/moduli potential
leading to the existence of a maximal temperature, beyond which the compact dimensions de-
compactify. This provides an absolute upper bound on the temperature of the early universe.
The maximal allowed temperature was found to be controlled by the SUSY breaking scale.

2005 Plan (J. Kersten, J. Hamann, K. Hamaguchi)

In 2005 we continue to work in the field of Particle Physics and Cosmology. The work by
J. Hamann and L. Covi will be published soon [2]. K. Hamaguchi and J. Kersten have just
started to discuss the realization of the gravitino LSP in higher dimensional models of SUSY
breaking. This is an interesting work from the viewpoint of both particle physics and cosmology
and will be published soon [8].
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