Letter of application

Dear Colleagues,

I would like to ask you to consider my application for the post-doctoral position in Theoretical
Particle Physics. I have a substantial experience of study of different aspects of phenomenology
of the SM and its extensions. I started my career in ITEP (Moscow, Russia) where I read my
PhD and worked as a scientific researcher for a few years. Then I spent one year working in
DESY. Since 2004 I continued my career in Southampton and Glasgow Universities. In 2009 I
joined University of Hawaii as a postdoc. During my time as Research Fellow in Southampton
University I interacted a lot with the experimentalists from the Rutherford Appleton Laboratory
and contributed to the “CP violation and Non-Standard Higgs Physics” (CPNSH) working group.

The planned research activity of mine concerns in particular Higgs and SUSY phenomenology
beyond the standard scenarios at the LHC, and has a strong interplay with cosmology and
neutrino physics. My Curriculum Vitae, list of publications and description of current and future
research activities are enclosed. You can also find a list of scientists whom I am working with
now. They are expected to provide letters of recommendation.

Thank you for your kind consideration of my application.

Sincerely yours,
Roman Nevzorov
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Current and future research activity of Dr. Roman Nevzorov

My current research concerns different aspects of the physics beyond the Standard Model (SM).
Despite the Standard Model describing perfectly the major part of experimental data in high
energy experiments, there are serious reasons to believe that new particles and interactions might
exist at the TeV scale. One of the strongest pieces of evidence for physics beyond the SM arises
from cosmology. The analysis of fluctuations in the cosmic microwave background (CMB) and
other measurements, indicate that about 25% of the energy density of the Universe exists in the
form of stable non—baryonic, non—luminous matter, the so—called dark matter. Although the
microscopic composition of dark matter remains a mystery it is clear that it cannot consist of
any elementary particles which have been discovered so far.

At the moment my efforts are concentrated on the investigation of supersymmetric (SUSY)
models which are the best motivated extensions of the SM. Although the theoretical arguments
for low energy SUSY are quite compelling, the simplest candidate for such a low energy effective
theory, the minimal supersymmetric standard model (MSSM), suffers from the p problem. Be-
cause of this problem the MSSM looks intrinsically unsatisfactory and it is essential to consider
extended SUSY models. It is especially interesting to study non—-minimal SUSY models in which
the p term of the required size is automatically generated as a result of the electroweak (EW)
symmetry breaking (EWSB). I plan to consider the implications of these models for Higgs and
neutrino physics, dark matter, inflation, CP—violation, baryogenesis and leptogenesis, flavour vi-
olating processes and the g — 2 anomalous magnetic dipole moment of the muon. In addition
I will address the cosmological constant problem in supersymmetric models using the Multiple
Point Principle (MPP).

Natural SUSY and NMSSM

The recent discovery of a new particle with a mass around ~ 125 GeV is consistent not only
with the Standard Model Higgs boson but also with the SM-like Higgs state in SUSY models.
Nevertheless naturalness arguments disfavour the MSSM because large stop masses are needed
to raise the Higgs boson mass to 125 — 126 GeV that typically requires a tuning at least of order
1% in the MSSM. The fine-tuning of the MSSM can be ameliorated in the Next-to-Minimal
Supersymmetric Standard Model (NMSSM), which contains only one extra SM singlet superfield
S. In this model a Z3 discrete symmetry forbids any bilinear terms in the superpotential but
allows the interaction of S with the Higgs doublets H, and Hy: AS(HgeH,). At the EW scale
the superfield S gets a non-zero vacuum expectation value (VEV) ((S) = s//2) generating an
effective 1 term (piepr = As/Vv/2).

During my scientific career I have written several papers in which different aspects of the
phenomenology of the NMSSM and its modifications (Minimal Non-minimal Supersymmetric
Standard Model (MNSSM) etc.) were studied. In particular, in the case, when CP is conserved,
D. Miller, P. Zerwas and I argued that the qualitative features of the Higgs boson masses and
couplings were dependent on how strongly the Peccei-Quinn (PQ) symmetry was broken in the
NMSSM. S. Hesselbach, D. Miller, G. Moortgat-Pick, M. Trusov and I found that the allowed
range of the mass of the lightest neutralino in the MNSSM is limited and established a theoretical
upper bound on the mass of this particle. More recently S. F. King, M. Miihlleitner, K. Walz
and I considered the phenomenology of Higgs bosons within the NMSSM with and without extra
matter, focusing on the regions of parameter space favoured by low fine-tuning considerations and
associated with the SM-like Higgs boson near 125 GeV. We showed that the v signal strength
may be enhanced up to a factor of about two not only due to the effect of singlet-doublet mixing,
but also due to loop corrections induced by stops, chargino and charged Higgs states which
are assumed to be relatively light to satisfy naturalness requirements (all first and second family
sfermion masses were taken to be substantially heavier). In a non-negligible part of the parameter
range the increase in the v rate can be due to the superposition of rates from nearly degenerate
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Higgs bosons. We also argued that there may be smaller enhancements in the Higgs decay channels
into WW, ZZ, correlated with the vy enhancement. In the considered case the requirement of
having perturbative couplings up to the grand unification (GUT) scale favours the interpretation
of the 126 GeV Higgs boson as being the second lightest NMSSM CP-even state, which can decay
into pairs of lighter neutralinos, CP-even or CP-odd Higgs bosons.

Our study of the natural SUSY extensions of the SM will be continued. In the future our
analysis can be extended to the NMSSM with explicit CP—violating interactions and various
modifications of this model. The spectrum of the Higgs bosons and neutralinos will be examined
and the direct processes for the production of these particles at the LHC and other future colliders
will be explored. The nonstandard decays of the SM-like Higgs state will be analysed and the
contribution of the lightest neutralino to the dark matter density will be studied. The processes
of electroweak baryogenesis and spontaneous CP—violation will separately be reexamined.

Supersymmetric models with extra U(l) gauge symmetries

The electromagnetic, weak and strong interactions may not be the whole story. For example,
at high energies the Fg symmetry in the superstring inspired models can be broken down to a
rank-5 subgroup SU(3)c x SU(2)w x U(1)y x U(1)" where U(1)" = U(1)y cos + U(1)ysiné.
Two anomaly-free U(1),, and U(1), symmetries originate from the breakdown of Eg and SO(10)
respectively, i.e. Eg — SO(10) x U(1)y, SO(10) = SU(5) x U(1)y. In previous work S. F. King,
S. Moretti and I proposed a self—consistent Fg inspired supersymmetric model with an additional
U(1)ny gauge symmetry that corresponds to § = arctan+/15. Only in this exceptional super-
symmetric standard model (EgSSM) the right-handed neutrinos do not participate in gauge
interactions and therefore they may be superheavy. The extra U(1)y gauge symmetry forbids
a bilinear term pHyH, in the superpotential of the considered model but allows the interaction
ASHyH,. At low energies the SM singlet superfield S acquires a non-zero VEV, breaking U(1)y
gauge symmetry and giving rise to an effective p term. Thus the p problem is solved in the
EgSSM in a similar way to that in the NMSSM, but without the accompanying problems of
singlet tadpoles or domain walls.

To ensure anomaly cancellation and gauge coupling unification the low energy matter content
of the E¢SSM involve three 27 representations of Eg and a pair of SU(2) doublets from additional
27 and 27. Thus EgSSM predicts a Z’ boson and extra matter beyond the MSSM that forms
three 5 + 5* representations of SU(5) plus three SU(5) singlets which carry U(1)xy charges. The
presence of light exotic quarks and Z’ boson may lead to spectacular LHC signals. The Z’
boson can be discovered in the Drell-Yan process pp — ¢/ + X. Relatively light exotic quarks
result in the enhancement of the cross section of either pp — tbb + E%‘iss + X (if diquarks) or
pp — tTT + EITI1iSS + X (if leptoquarks). The discovery at future colliders of the exotic particles
and extra Z’ boson predicted by the EgSSM would represent a possible indirect signature of an
underlying Eg gauge structure at high energies. In our previous articles S. F. King, S. Moretti
and I explored the renormalization group (RG) flow of gauge and Yukawa couplings, studied
EWSB, established the qualitative pattern of the spectrum of the Higgs bosons, neutralinos and
charginos as well as calculated the two—loop upper bound on the lightest Higgs boson mass within
the EgSSM. In particular, our analysis revealed that the unification of the gauge couplings in the
EgSSM can be achieved for any phenomenologically acceptable value of ag(Myz), consistent with
the central measured low energy value. Although this study was performed in the framework of
a particular U(1)y gauge extension of the MSSM, our analysis can be easily generalized to other
SUSY models with additional U(1) gauge symmetry.

Recently P. Athron, S. F. King, D. J. Miller, S. Moretti and I examined the EWSB, the
particle spectrum and collider signatures within the constrained version of the EgSSM (cEgSSM).
We studied the parameter space of the cEgSSM consistent with a Higgs signal near 125 GeV and
the LHC searches for squarks, gluinos and Z’. We found that a 125 GeV Higgs mass only arises
for a sufficiently large Z’' mass, mostly above current limits, and for particular regions of squark
and gluino masses corresponding to multi-TeV squark masses, but with lighter gluinos typically
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within reach of the LHC 8 TeV or forthcoming 14 TeV runs. We also argued that the successful
dark matter relic abundance may be achieved over all the parameter space. In the nearest time I
plan to examine the sparticle spectrum within the EgSSM and other Eg inspired SUSY models in
the framework of different models of SUSY breaking, like gravity, gauge and anomaly mediated
scenarios of SUSY breaking and split supersymmetry. The study of production and decay rates
of Z' and exotic particles at the LHC will be continued.

In the EgSSM the usual SM-like Higgs boson could decay more than 95% of the time into
either lightest or next-to-lightest SUSY particles. J. Hall, S. F. King, S. Pakvasa, M. Sher and 1
carried out a detailed study of this scenario. The evidence for the Higgs boson recently presented
by ATLAS and CMS indicates that the corresponding scenario is basically ruled out. At the
moment my collaborators and I are continuing to explore other scenarios that leads to the novel
Higgs decays within the EgSSM. The implications of the EgSSM and other FEg inspired SUSY
models for dark matter and the anomalous magnetic dipole moment of the muon will also be
explored.

As in any other SUSY model the gauge symmetry in the EgSSM does not automatically forbid
lepton and baryon number violating operators that result in the rapid proton decay. Moreover,
exotic particles in the Fg inspired SUSY models give rise to new Yukawa interactions that induce
unacceptably large non—diagonal flavour transitions. In this context my collaborators and I are
examining Fg inspired SUSY models in which exact discrete symmetry simultaneously forbids
non—diagonal flavour transitions as well as rapid proton decay. We are exploring both cosmological
as well as collider implications of this symmetry. The considered FEg inspired SUSY models
contain at least two dark-matter candidates. We are also considering five-dimensional and six—
dimensional orbifold GUT models based on the Fg or its subgroup that can lead to the Fg inspired
SUSY models of this type.

Since in the EgSSM right-handed neutrinos do not participate in gauge interactions they
may be superheavy, shedding light on the origin of the mass hierarchy in the lepton sector and
providing a mechanism for the generation of lepton and baryon asymmetry of the Universe. In our
previous work S. King, R. Luo, D. Miller and I studied the generation of flavour dependent lepton
asymmetries within the EgSSM. Our analysis revealed that the substantial lepton CP asymmetries
can be induced even if the right-handed neutrino mass scale is relatively low ~ 106 GeV. This
suggests that in the EgSSM successful thermal leptogenesis can be achieved without encountering
gravitino problem. In the near future we plan to derive and analyse a complete set of Boltzmann
equations in the considered model. Also my collaborators and I are going to investigate the
possible relationships between the Yukawa couplings of ordinary and exotic particles that arise
in superstring and orbifold grand unified theories. These relations can lead to new theoretical
bounds for the neutrino masses and mixing angles.

Cosmological constant problem

The problem of the cosmological constant will be addressed on the basis of the Multiple Point
Principle (MPP). The MPP postulates that Nature chooses values of coupling constants to ensure
the coexistence of many phases of the underlying theory. The vacuum energy densities of these
different phases are degenerate. Recently C. D. Froggatt, H. B. Nielsen and I argued that the
MPP ensures CP-invariance and the absence of flavour changing neutral currents in the two Higgs
doublet extension of the SM. Using the MPP assumption, C. D. Froggatt, H. B. Nielsen and I
also obtained a rather reasonable estimation for the value of the cosmological constant in N =1
supergravity (SUGRA) models. The idea of MPP will be further applied to the string inspired
SUGRA models. In this context the gaugino condensation scenario of local SUSY breakdown will
be analysed. A realistic string inspired SUGRA model, where MPP is realized, will be constructed.
The predictions for the soft SUSY breaking terms will be obtained and the cosmological constant
problem will be re-examined. The impact of new phases and phase transitions, caused by new
vacua arising out of the MPP, on the evolution of the Universe will be investigated.
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