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I CURRICULUM VITÆ

A PERSONAL DATA

Surname: Pallis

First name: Constantinos (Costas)

Place of birth: Corfu, Greece

Date of birth: May 11, 1971

Nationality: Greek

Marital status: Married

Home Address : 40, Marasli Str.

GR-491 00 CORFU

GREECE

Tel: 0030-6945355370

Address For Correspondence: Department of Physics,

University of Cyprus,
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CYPRUS

Tel: 00357-22892843

E-mail Addresses: kpallis@gen.auth.gr
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B EDUCATION - ACADEMIC POSTS

1989 - 1993 Undergraduate student at the Physics Department of the Aris-
totle University of Thessaloniki (A.U.TH). Option in Theoret-
ical Physics.

September 1993 - 1994 Diploma Thesis.

Thesis Title: “Solitons in 1+1 dimensions”
Supervisors: Associate Professor N.D. Vlachos
(Particle Physics Section of the Department of
Physics of A.U.TH) and
Professor C. Bachas (“Centre de Physique Theo-
rique” of Ecole Polytechnique).

October 1994 Degree in Physics from A.U.TH.
Grade “Very Good” (7.51/10).

November 1994 - June 1995 Course on Particle Physics at “Centre de Physique Theorique”
in Marseille and NCSR “Dimocritos”.

October 1995 - July 2000 Ph. D student at the Physics Division of the School of Tech-
nology in the A.U.TH

Thesis Title: “Phenomenology and Cosmology of
Supersymmetric Grand Unified Theories”
Supervisor: Professor G. Lazarides

(July 2000 - January 2002 Obligatory military service.)

February 2002 - 2004 Post-doctoral position in “Scuola Internazionale Superiore di
Studi Avanzanti” (SISSA), Trieste (Italy).

February 2004 - November 2005 Post-doctoral activity in the Physics Division of the School of
Technology in the A.U.TH.

November 2005 - 2007 Research Associate in the School of Physics and Astronomy
of the University of Manchester (United Kingdom).

March 2008 - September 2008 Post-doctoral position in the “Departamento de Fisica Apli-
cada” of the “Universidad de Huelva”, Huelva (Spain).

October 2008 - June 2009 Post-doctoral position in the Physics Department of the Uni-
versity of Patras, Patras (Greece).

May 2010 - Today Post-doctoral researcher in the Physics Department of the Uni-
versity of Cyprus, Nicosia (Cyprus).

C FELLOWSHIPS - SCHOLARSHIPS

April 1994 - July 1994 Diploma Thesis Scholarship from the Greek State Scholarship
Foundation (I. K. Y) (Program “ERASMUS”).

1995 - 1997 Greek Government research grant PENED/95 fellowship.

1998 - 2000 Ph. D Thesis Scholarship from the Greek State Scholarship
Foundation (I. K. Y), after examinations.

November 2004 -2005 Postdoctoral Fellowship from the Greek State Scholarship
Foundation (I. K. Y).
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D LANGUAGES SPOKEN

Greek (native language), English and French.

E COMPUTER EXPERIENCES

Operating systems WINDOWS 2000/XP/Vista, LINUX

Programming languages Fortran 77, Mathematica, LaTeX, Word, Excel, Power Point

F PARTICIPATION TO SCHOOLS AND CONFERENCES

July 1993 School of Advanced Physics, Iraclion (Crete).

September 1995, 1998 5th and 6th Hellenic School and Workshops on Elementary Particle
Physics, Corfu (Greece).

April 1998, 1999
Workshop of Hellenic Society for the Study of High Energy Physics,
Athens (Greece); Thessaloniki (Greece).

March 2002 ICTP Spring School on Superstrings and Related Matters, Trieste
(Italy).

June 2002 ICTP Introductory School on String Theory, Trieste (Italy).

June 2002 ICTP Summer School on Astroparticle Physics and Cosmology, Trieste
(Italy).

September 2002 School on Neutrino Physics and Astrophysics, Trieste (Italy).

June 2003 ICTP Summer School on Particle Physics, Trieste (Italy).

February 2005 ENTApP Visitor Programme and Workshop on Dark Matter, CERN,
Geneva (Switzerland).

April 2005 Workshop of Hellenic Society for the Study of High Energy Physics,
Thessaloniki (Greece).

September 2006 6th International Workshop on “The Identification of Dark Matter”,
Rhodes (Greece).

March 2007 Workshop of Hellenic Society for the Study of High Energy Physics,
Athens (Greece).

July 2007 European Physical Society Conference on High Energy Physics,
Manchester (United Kingdom).

April 2008 Workshop of Hellenic Society for the Study of High Energy Physics,
Olympia (Greece).

June 2008 4th International Workshop on “The Dark Side of The Universe” (DSU
2008), Cairo (Egypt).

September 2008 Spanish Relativity Meeting: “Physics and Mathematics of Gravitation”
(ERE 2008), Salamanca (Spain).

May 2009
April 2010, 2012

Workshop of Hellenic Society for the Study of High Energy Physics,
NCSR “Dimokritos” (Greece);
Thessaloniki (Greece); Ioannina (Greece).

September 2009, 2011
and 2012

9th, 11th and 12th Hellenic School and Workshops on Elementary Par-
ticle Physics and Gravity, Corfu (Greece).
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G TALKS

September 2002

October 2002

“Yukawa Quasi-Unification and Neutralino Relic Density”,
“Supersymmetry and the Early Universe” mid-term Meeting,
University of Oxford, Oxford (United Kingdom) and
International Center for Theoretical Physics (ICTP), Trieste (Italy).

April 2005

February 2006

“CDM Abundance: Standard versus non-Standard Scenaria”,
Workshop of Hellenic Society for the Study of High Energy Physics,
Thesaloniki (Greece) and
School of Physics and Astronomy, The University of Manchester,
Manchester (United Kingdom).

September 2006 “CDM Abundance in non-Stadard Cosmologies”,
6th International Workshop on “The Identification of Dark Matter”,
Rhodes (Greece).

March 2007

April 2007

June 2007

“F-term Hybrid Inflation Followed by Modular Inflation”,
Workshop of Hellenic Society for the Study of High Energy Physics,
National Technical University of Athens, Athens (Greece) and
School of Physics and Astronomy, University of Southampton,
Southampton (United Kigdom) and
School of Physics and Astronomy, University of Oxford (England).

May 2007
November 2009
October 2007

January 2010

“CDM and DE Problems in an Inflationary Universe”,
Division of Theoretical and Mathematical Physics,
Physics Department, University of Patras (Patras) and
Physics Division, Department of Applied Mathematical and Physical
Sciences, National Technological University of Athens (Athens) and
Institute of Nuclear Physics, NCSR “Dimocritos” (Greece)

November 2007 “Reducing the Spectral Index of F-term Hybrid Inflation”,
Physics Department, Aristotle University of Thessaloniki.

April 2008

June 2008

“Quintessential Kination and Thermal Abundance of e-WIMPs”,
Workshop of Hellenic Society for the Study of High Energy Physics,
Olympia (Greece) and
4th International Workshop on “The Dark Side of The Universe” (DSU
2008), Cairo (Egypt).

September 2008 “F-term Hybrid Inflation Followed by Modular Inflation”,
Spanish Relativity Meeting: “Physics and Mathematics of Gravitation”
(ERE 2008), Salamanca (Spain).

May 2009 “Hilltop F-term Hybrid Inflation With non-Minimal Kähler Potentials”,
Workshop of Hellenic Society for the Study of High Energy Physics,
NCSR “Dimocritos” (Greece).

September 2009

April 2010

“Tracking Quintessence, WIMP Relic Density, PAMELA and Fermi LAT”,
9th Hellenic School and Workshops on Elementary Particle Physics and
Gravity, Corfu (Greece)
Workshop of Hellenic Society for the Study of High Energy Physics,
Thessaloniki (Greece).
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TALKS (CONTINUED)

October 2010
January 2011

May 2011

September 2011

“Combining F-term Hybrid Inflation With a PQ Phase Transition”,
Physics Department, University of Cyprus
Section of Nuclear and Particle Physics, Physics Department, Aris-
totle University of Thessaloniki
Bartol Research Institute, Department of Physics and Astronomy,
University of Delaware, Newark, USA and
11th Hellenic School and Workshops on Elementary Particle Physics
and Gravity, Corfu (Greece).

January 2012

April 2012

“Inflating with a Superheavy Higgs in a SUSY Pati-Salam Model”,
Division of Nuclear and Particle Physics, Physics Department, Aristotle
University of Thessaloniki
Workshop of Hellenic Society for the Study of High Energy Physics,
Ioannina (Greece).

September 2012 “Models of Non-Minimal Chaotic Inflation in Supergravity”,
12th Hellenic School and Workshops on Elementary Particle Physics
and Gravity, Corfu (Greece).

H SEMINARS ORGANIZED

September 2006 -
May 2007

Organization of seminars on Astroparticle Physics in the Particle
Physics Group of the Department of Physics and Astronomy of the
University of Manchester.

I TEACHING EXPERIENCE

April -
May 2009

Lecture Series to Postgraduate Students of Physics Department of the
University of Patras on Dark Matter, Dark Energy and Inflation.

October -
November 2011

Lecture Series to Undergraduate Students of the University of Cyprus
within the course “Principles of Physics”.

J SUPERVISION OF RESEARCH STUDENTS

September 2009 – Today Participation in the supervision of the Ph. D student, N. Karagiannakis

K VISITS

November 2010, 2011 Physics Division, School of Technology, A.U.TH

May 2011 Bartol Research Institute, Department of Physics and Astronomy,
University of Delaware, Newark, USA.

L REFEREEING SERVICES

Active Referee for J. Cosmol. Astropart. Phys. and Phys. Lett. B since 2010.
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M RECOMMENDATIONS

• Professor G. Lazarides
Physics Division,
School of Technology,
Aristotle University of Thessaloniki
GR 541 24 THESSALONIKI

GREECE

Tel +30-2310-995967
Fax +30-2310-995928
lazaride@eng.auth.gr

• Professor G. Zoupanos
Department of Physics
National Technical University of Athens
Polytechnioupolis
GR 157 80 ZOGRAFOU (ATHENS)
GREECE

Tel +30-210-7723009
Fax +30-210-7723025
george.zoupanos@cern.ch
zoupanos@mail.cern.ch

• Professor Qaisar Shafi
Bartol Research Institute,
Department of Physics and Astronomy,
University of Delaware,
Newark, DE 19716 USA
Tel.: +302 831 6876
Fax: +302 831 1637
shafi@bartol.udel.edu

• Associate Professor N.D. Vlachos
Department of Physics,
Aristotle University of Thessaloniki
541 24 THESSALONIKI

GREECE

Tel.: +30 2310 998063
Fax: +30 2310 998128
vlachos@physics.auth.gr
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II RESEARCH PROPOSAL

My research interests lie on the interference of Particle Physics and Cosmology with emphasis
on the problems of Dark Matter (DM), Dark Energy (DE) and Inflation. This research area has attracted
much attention since, by now, the various cosmological can be determined with an unprecedented
accuracy due to observational data from existing (e.g., WMAP) or expected (e.g., PLANCK) satellite
experiments. On the other hand, the Large Hadron Collider (LHC) has already started exploring the
TeV energy region and is expected to shed light on the Particle Physics beyond the Standard Model
(SM). As a consequence, the symbiosis of Particle Physics and Cosmology becomes more and more
precisely controlled.

The two cornerstones of the modern cosmo-particle theories are cosmic inflation and Supersym-
metry (SUSY). Cosmic inflation has succeeded not only to overcome the horizon and flatness problems
of the standard cosmology but also to provide a mechanism for the generation of the primordial fluc-
tuations which seed the observed structure of the universe. On the other hand, in the context of SUSY,
the Minimal Supersymmetric SM (MSSM) constitutes the most popular and promising particle model
beyond the SM. As a bonus, the Lightest Supersymmetric Particle (LSP) arises as natural CDM can-
didate. The role of LSP can be played by the Weakly Interacting Massive Particles (WIMPs) χ with
prominent representative the lightest neutralino χ̃ or the extremely WIMPs (e-WIMPs) (e.g., the axino,
ã and the gravitino, G̃). Within more advanced theories scalar fields with runaway potentials emerge
which can be qualified as quintessence for the explanation of DE.

A SCIENTIFIC BACKGROUND

My contribution to this field of research is concentrated on the following subjects (the ref-
erences in the brackets are referred to the bibliography quoted in the end of this section and to my
publications in sections III A, B and C):

1. COMPUTATION OF THE RELIC DENSITY, ΩXh
2, OF CDM CANDIDATES. Assuming the

standard cosmological evolution (SC) before Big-Bang nucleosynthesis (BBN) and working in the
framework of the Constrained MSSM (CMSSM), we calculated Ωχ̃h

2 (where χ̃ turns out to be a pure B-
ino) including not only annihilation but also coannihilation effects of χ̃ with the lightest stau and other
sleptons which happen to have comparable masses [A1 – A4, C1]. The inclusion of these processes
is of crucial importance for reducing Ωχ̃h

2 to an acceptable level. The calculation was improved and
explicitly compared with other independent calculations [A4, C2]. ΩXh

2 with X = G̃ or ã due to
thermal production has been also estimated [A12, A14]. In this case, a novel calculation of the ã
production rate by scatterings at low temperature has been presented [A12].

2. COSMO-PHENOMENOLOGICAL ANALYSIS OF SOME VERSIONS OF MSSM. In our inves-
tigation we included [A2 – A6, A18, A22, B1 – B3, B12] constraints originating from (i) the radiative
electroweak symmetry breaking, (ii) the SUSY corrections to the lighter CP-even Higgs boson, b-quark
and τ -lepton mass, (iii) the B-Physics, (iv) the muon anomalous magnetic moment (v) the CDM abun-
dance of the universe. Imposing a simultaneous fulfilment of the above constraints, we restricted
strongly the parameter space of several versions of the MSSM. In particular, we considered the MSSM
supplemented by exact [A1, A2], quasi [A4, A5, A18, A22] or b− τ [A6] Yukawa (coupling) Unifica-
tion (YU). Acceptable solutions are achieved, employing a moderate deviation [A4, A5, A22] from the
exact YU with universal boundary conditions for the soft SUSY breaking parameters or a convenient
departure [A6] from the universal gaugino and sfermion masses. On the other hand, the MSSM with
universal boundary conditions from the Hořawa-Witten theory does not favor any YU regime [A3].

3. PHENOMENOLOGY OF QUINTESSENTIAL MODELS. We studied the quintessential models
based on the exponential [A8, A9, A12, B6] and the inverse-power [A14, A15, B8] potential. In the
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latter case we also took into account a Hubble-induced mass correction. We restricted the models,
so as to obtain an early kination dominated (KD) phase consistently with observational constraints
originating from BBN, the inflationary scale, the present acceleration of the universe and the dark-
energy-density parameter. Although both models can become compatible with observations, the second
one [A14, A15, B8] possesses sizeable regions of the parameter space where a tracker scaling solution
can be reached sufficiently early to alleviate the coincidence problem.

4. CDM ABUNDANCE (ΩXh
2) WITHIN NON-STANDARD COSMOLOGICAL SCENARIA (NSC).

The calculation of ΩXh2 crucially depends on the adopted assumption about the dominant component
of the universe during the decoupling of WIMPs, χ, or the thermal production of e-WIMPs, ψ. The
usual assumption – made in the points IIA1 and IIA2 – is that this occurs during the radiation dominated
era which commences after the primordial inflation. However our current knowledge for the universal
history before BBN allows for other possibilities too. E.g., we considered [A7 – A9, A14, A15, B4],
without adopting a specific particle model, the decoupling of a WIMP χ during either a decaying-
particle dominated phase or a KD phase. We found [A7] that a low reheat temperature, in the range
(1 − 20) GeV, significantly facilitates the achievement of an acceptable Ωχh

2. On the contrary, the
presence of a pure KD era can lead [A8] to an enhancement of Ωχh2, up to three orders of magnitude,
with respect to (w.r.t) the SC. The latter enhancement can be avoided in the case of a KD reheating [A9]
and can be weakened in the case of a modified KD era [A14]. As regards the thermal abundance of
e-WIMPs, Ωψh2, we found [A12, A14, B6] that a KD era decreases Ωψh2 w.r.t the SC. This decrease
turns out to be less drastic in the case of a modified KD era [A14].

5. DIRECT AND INDIRECT DETECTION OF CDM. In the version of MSSM with b − τ [A6]
and quasi YU [A18, A22, B3] we checked the detectability of the LSP calculating the χ̃-proton cross
sections and the detection rate of χ̃. Moreover, we showed that the enhancement of Ωχh

2 created
within the nSC can reconcile [A15] the observational data on Ωχh

2 and the e± cosmic rays in the case
that the WIMPs annihilate predominantly to µ+µ−.

6. ANALYSIS OF INFLATIONARY MODELS. I was involved in the study of several extensions
of the MSSM, in which F-term Hybrid Inflation (FHI) [A10, A11, A13, A17, B5, B11, B13] and non-
Minimal Chaotic Inflation (nMCI) [A18, A20, A21] are more or less ‘naturally’ realized – possible
realizations of non-SUSY chaotic or hybrid inflation are proposed in Ref. [A16]. These models arise
from the embedding of MSSM in SUSY Grand Unified Theories (GUT) and have a rich structure,
linking together the µ-problem of MSSM, baryogenesis via non-thermal leptogenesis, neutrino masses
and the G̃ constraint [A20, A21, B10]. The (scalar) spectral index of FHI can be reduced to an accept-
able level with the utilization of a quasi-canonical Kähler potentials with or without extra fields with
no-scale-type Kähler potential [A13, B13] or restricting the number of e-foldings that the pivot scale
suffered during FHI [A11, B5]. On the other hand, nMCI [A18, A20, A21] turns out to be consistent
with the observations and, as a bonus, avoids the production of cosmological defects but it requires
mildly tuned higher order terms in the employed Kähler potential.

B RESEARCH OBJECTIVES

Based on the scientific experience above, I plan to focus on the following subjects:
1. ANALYSIS OF SEVERAL VERSIONS OF THE VERY CMSSM. The CMSSM [A4, A5, A19,

A22] can be further restricted [1] if we impose extra relations (originating from minimal Supergravity)
between the trilinear and bilinear soft SUSY breaking parameters at GUT scale, A0 and B0 respec-
tively. Taking into account this extra condition (which is usually not included in CMSSM) we get
the Very CMSSM which is certainly the most predictive and well-motivated version of MSSM and
can become consistent [2] with the LHC results on the Higgs mass. We can investigate, applying the
criteria described in the point A2, if this model can be supplemented with some kind of YU or if it can
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be successfully combined with GUT-inspired [3] non-universal gaugino masses or if it supports axino
as CDM candidate.

2. SPLIT SUSY AND YU. The recently released results of LHC places low energy SUSY
under pressure since a 125 GeV Higgs mass can be achieved with a rather heavy mass sparticle spec-
trum. In split SUSY [4] one supposes that the spectrum of superpartners is split, having scalars at
higher mass scales, whereas gauginos and higgsinos remain light, typically thanks to an approximate
R-symmetry. In this way, split SUSY is kept consistent with the unification of the gauge coupling con-
stants and the candidacy of χ̃ as CDM particle remains valid. We plan to restrict further models of split
SUSY embedding them in a GUT based on the Pati-Salam gauge group which predicts [A4] relations
between the Yukawa coupling constants at the GUT scale. In a such scenario, the parameter tanβ
is constrained naturally to relatively large values and therefore, we expect [2] that the LHC favored
values for the Higgs mass can be achieved with a relatively low (∼ 100 TeV) sparticle spectrum.

3. ASYMMETRIC DARK MATTER (ADM) AND B−L NMCI. ADM has been proposed in order
to explain the similarity of the baryonic and CDM relic densities and interpret the reported excess on
cosmic-ray fluxes through CDM annihilation in the galaxy. We plan to focus on bosonic ADM taking
into account constraints [5] from black holes formation in neutron stars. ADM can be stabilized [6]
by a Z2 symmetry which remains unbroken after the breaking of a gauged B − L symmetry and can
be nicely connected, through non-thermal leptogenesis [7], with the GUT scale inflationary models.
In the SUSY framework, the generation of a mass term for ADM is [8] similar to the generation of µ
term of MSSM and is based to superpotential terms of the form SXX̄ , where S is a gauge singlet and
X and X̄ are the superfields which represent the two components of ADM. Indeed, the above term in
conjunction with the usual term, S(ΦΦ̄−M2), appearing in both FHI and nMCI (where Φ and Φ̄ are
superheavy higgs superfields andM is a superheavy mass scale) provides [9] masses of order 1 TeV for
X and X̄ . To avoid complications with the stability of the system above we need to invoke a bilinear
superpotential term comprised by gauge singlets so that to achieve nMCI as in Ref. [A21]. Therefore,
we need to invoke a bilinear superpotential term comprised by gauge singlets so that to achieve nMCI.
Moreover, the term SXX̄ can be combined [A10] with the term SHuHd in order to give a adjustable
annihilation channel of XX̄ - where Hu and Hd are the SU(2)L doublet superfields which couple to
the up and down type quarks respectively.

4. ELECTROWEAK VACUUM STABILITY AND B − L NMCI. The SM Higgs potential can de-
velop an instability at large field values for the LHC favored range of the Higgs boson mass. However,
a heavy scalar SM-singlet with a large vacuum expectation value and quartic interaction with the Higgs
doublet can evade the potential instability [10]. We can check if this singlet can be identified with a
superheavy SM-singlet Higgs involved in the breaking of B −L symmetry at a high scale and playing
also the role of inflaton [11] in B −L nMCI. Its vacuum expectation value can be further restricted by
the requirement of the successful non-thermal leptogenesis and the generation of the correct neutrino
masses. Extension of the model in order to incorporate also ADM and a resolution of the hierarchy
problem [12, 13] may be also considered.

5. DE, CDM AND BARYON NUMBER ABUNDANCE WITHIN SCALAR-TENSOR GRAVITY (ST).
ST provides a natural framework in which massless scalars – such as quintessence – may appear in
the gravitational sector of a theory without being phenomenologically dangerous. Models have been
proposed which possesses two attractor mechanisms at the same time: one towards tracker solutions
[A14] – which accounts for the present evolution of the universe – and one towards general relativity –
which makes quintessence observationally safe. As shown in Ref. [14], ST can enhance Ωχh2 w.r.t the
SC. The modification of Ωψh2 (where ψ is a e-WIMP) w.r.t the SC can be also analyzed. The essential
difference between ST and the cases considered in point IIA3 is that the alterations to ΩXh

2 are due
to modifications to the Friedmann equation and not to the temporal domination by an extra component
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on the universal energy density. As a bonus, ST can activate the mechanism of gravitational [15] or
electroweak [16] baryogenesis which is inapplicable in the conventional radiation dominated epoch.

6. QUINTESSENTIAL INFLATION. The kination regime, mentioned in point IIA3, becomes an
indispensable ingredient of a quintessence model when a single scalar field plays the role of both the
inflaton and quintessence. Several problems have to be overcome in order this scheme to be realized.
We have to pay special attention to the termination of inflation – Ref. [17] opens new possibilities on
this point –, the creation of successful reheating and the possible overproduction of gravitational waves
[18] during the transition from inflation to KD era. It would be important to investigate the following
novel issues: (i) the consideration of dissipation effects in order to achieve warm quintessence and (ii)
the deliberation of the quintessential potential from the requirement of the generation of the primordial
curvature perturbations; the latter can be produced during an earlier stage of FHI [A11].

7. D-TERM HYBRID INFLATION (DHI). The tension between WMAP data and the models
of FHI, outlined in point IIA4, is also present in the case of DHI and can be overcome using, e.g., a
non-minimal Kähler potential [19] or gauge kinetic function [20]. Moreover, the inflationary scale is
to be well below the GUT scale, so that the cosmic strings’ contribution to the power spectrum of the
curvature perturbations is compatible with the WMAP data. To avoid the production of strings in the
end of DHI we can construct models in which the U(1) gauge symmetry is already broken during DHI.
This effect can be achieved by adding non-renormalizable terms in the superpotential, as in the cases
of shifted or smooth FHI [A11, A13, B5, B13].
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