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Group Members (2005)

• Group Leader: Koichi Hamaguchi (DESY)
— from 2006: a new group leader Laura Covi (DESY)
(K.Hamaguchi moves to Tokyo University.)

• Postdoctoral Fellow: Jörn Kersten (DESY) and Gianfranco Bertone (INFN, Padova)

• Graduate Student: Jan Hamann (DESY)
— L.Covi is supervising the dissertation of J.Hamann.

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 part of the activities and publication list in 2005 and early
2006.

Indirect Dark Matter detection (G. Bertone)

Current strategies of indirect Dark Matter detection with neutrino telescopes are based on
the search for high-energy neutrinos from the Solar core or from the center of the Earth. In
Ref [1], we have proposed a new strategy based on the detection of neutrinos from Dark Matter
annihilations in ’mini-spikes’ around Intermediate Mass Black Holes. Neutrino fluxes, in this
case, depend on the annihilation cross-section of Dark Matter particles, whereas solar and
terrestrial fluxes are sensitive to the scattering cross-section off nucleons, a circumstance that
makes the proposed search complementary to the existing ones. We have discussed the prospects
for detection with upcoming under-water and under-ice experiments such as ANTARES and
IceCube, and shown that several, up to many, sources could be detected with both experiments.
A kilometer scale telescope in the Mediterranean appears to be ideally suited for the proposed
search. We are working in collaboration with the GLAST and MAGIC groups to establish the
best observational strategies in the quest for Dark Matter.

Gravitino Dark Matter in Higher-Dimensional Models of SUSY Breaking
(K. Hamaguchi, J. Kersten)

The lightest supersymmetric particle (LSP) is a natural candidate for the dark matter. Cosmo-
logical observations are well compatible with a gravitino LSP. The mass of the gravitino and
whether it is lighter than the other superparticles depends on the mechanism of supersymmetry
(SUSY) breaking. We studied the higher-dimensional scenario of gaugino mediation in Ref. [2]
and showed that a gravitino LSP is viable in this model. Its mass is bounded from below and
thus can naturally lie between 10 and 100 GeV, which is advantageous for thermal leptogene-
sis. Motivated by this result, we applied gaugino mediation in an orbifold GUT model for the
fermion masses and mixings in Ref. [3]. It turned out that certain couplings have to be sup-
pressed in order to avoid large flavor-changing neutral currents, which appears to be a generic
problem in this kind of models. We calculated the resulting superparticle mass spectrum and
found that the lighter stau or the left-handed tau sneutrino can be the next-to-lightest SUSY
particle, which is also favorable from the cosmological point of view.
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Inflation with a step (J. Hamann)

Within the context of slow roll inflation it is usually assumed that the potential of the infla-
ton field is smooth and featureless. In multi-field scenarios of inflation, as may arise in the
”landscape” of string vacua, it is well conceivable that we have a phase transition happening
during inflation. This may result in an effective field theory where the inflaton potential has
a step-like feature. Even a small step can have a considerable effect on the power spectrum of
primordial curvature perturbations and hence also on the anisotropies of the cosmic microwave
background (CMB) and the large scale structure (LSS) of the universe. We have used a Markov
chain Monte Carlo algorithm to analyse CMB data from various experiments, as well as large
scale structure data to find traces of such a feature in the potential. We find that there is no
conclusive evidence for the presence of a step in the inflaton potential and derive bounds on
the step parameters. The results are about to be published [?].

Supersymmetric Standard Model from Heterotic String (K. Hamaguchi)

The problem of ultraviolet completion of the Standard Model has been a longstanding issue
in particle physics. The most promising approach is based on string theory; however, explicit
models usually contain exotic particles and suffer from other phenomenological problems. We
show that these difficulties can be overcome in the well known weakly coupled heterotic string
compactified on an orbifold. We present an explicit Z6 orbifold compactification of the E8×E8

heterotic string which leads to the (supersymmetric) Standard Model gauge group and matter
content [5]. The model has no exotic states at low energies, and is consistent with gauge
coupling unification.

2006 Plan (G. Bertone, L. Covi, J. Hamann, J. Kersten)

In 2006 we continue to work in the field of Particle Physics and Cosmology.
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