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DURATION: 3 years

Estimated Project Costs (± 20%) 

Estimated total cost of the project: 74240 US $

Including:

	Payments to Individual Participants
	Head of group: 800$/month.

One JSR: 300$/month.

One PhD student: 200$/month for first 1 year and (after doing his PhD) 300$/month for next 2 years.

One 2-nd year master student: 150$/month for first 0,5 year and (after doing his master) 200$/month for next 2,5 years.

One bachelor: 150$/month.

One master student only at 3-th (last) year of project: 150$/month.

Total: 63.300 US $



	Equipment
	2.450 $

	Materials
	240 $

	Other Direct Costs
	-

	Travel
	8.250 $


PROBLEM:

Two fundamental questions confronting theoretical particle physics are the hierarchy problem and the anomalies associated with solar and atmospheric neutrinos. The former corresponds to the large disparity between the electroweak scale (10^3 GeV) where electroweak symmetry breaking occurs and the traditional scale of gravity defined by the Planck scale (10^19 GeV).  The source of physics which generates and stabilizes this sixteen order of magnitude difference between the two scales is unknown and represents one of the most puzzling aspects of nature.  For the latter, underground experiments have observed fluxes of solar and atmospheric neutrino fluxes which are reduced compared to the standard solar model. In addition, the KamLAND experiment has observed a deficit of reactor neutrinos. All these anomalies uniquely indicate that neutrinos have tiny masses and that oscillations take place between the neutrino flavors.

Several laboratories around the world have programmes sending neutrino beams through the earth to distant underground laboratories. The pioneer was KEK in Japan, which sent a neutrino beam over 200 km to the Super-Kamiokande experiment. This experiment found that some of the neutrinos dispatched from KEK changed their nature en route, as expected from the experiments that had observed oscillations of atmospheric neutrinos. Fermilab operates its NuMI beam that sends neutrinos to the MINOS experiment over 700 km away. CERN sends neutrinos over 700 km to the OPERA and ICARUS detectors in the Gran Sasso laboratory, also over 700 km away. The J-PARC accelerator sends neutrinos almost 300 km, again to the Super-Kamiokande experiment, to probe the third neutrino mixing angle that has not yet been detected in either atmospheric or solar neutrino experiments. .
Beyond these steps, there are several important objectives for future long-baseline neutrino experiments. One is to observe and measure the CP-violating phase that is expected to appear in neutrino oscillations, and another is to determine the sequence of neutrino masses. Among the ideas to study these are multi-Megawatt proton sources that could provide intense low-energy neutrino 'super-beams', 'beta-beams' that would be produced by the decays of relativistic nuclei stored in rings, and ultimately 'neutrino factories' that would produce controlled beams of electron and muon neutrinos from the decays of stored muons.

One of the standard fundamental open question is what is the origin of Particle Masses. Whatever the answer is, the puzzle is likely to be solved, at LHC, at some energy scale below ~TeV.

Are the fundamental forces unified? If the answer is yes, in the simplest models the unification will occur only at very high energy 10**16 GeV. Physics at this scale cannot be probed directly at accelerators, but possibly indirectly via measurements of particle masses and couplings, and looking for unification relations between them. On the other hand, models of unification may be probed more directly via neutrino physics.

OBJECTIVES:

Neutrino physics enters the era of precision measurements, studies of the sub-leading oscillation effects and searches for new physics beyond the standard neutrino scenario. Neutrino flavor conversions become a tool of exploration of other particles and objects such as interiors of the Earth and stars. One of the key elements of these studies is neutrino oscillations in matter with varying density, and in particular, oscillations inside the Earth. The latter is relevant for the solar, supernova and atmospheric neutrinos, as well as for the cosmic and accelerator neutrinos. In this connection it is important to have precise analytical or semi-analytical expressions for oscillation probabilities valid in wide energy ranges. These expressions will allow us not only to further simplify numerical computations but also to give deeper insight into physics involved. The results can be of special interest in view of discussions of future experiments with the megaton-scale fine structured underwater/underground detectors. 

In the era of the LHC physics the theoretical understanding of the hierarchy problem becomes very actual

TASK 1: Neutrino properties at the border of different mediums.

We intend to investigate neutrino properties at the border of different mediums.

We intend to calculate/investigate transition radiation process (\nu\to\nu\gamma) at the border of different mediums. The neutrinos will be assumed to be almost massless with only standard-model couplings. The medium fulfills the dual purpose of inducing an effective neutrino-photon vertex and of modifying the photon dispersion relation. Our effect may be important in the astrophysical investigation of Supernovae and pulsars physics and in the explanation of the origin of the MeV cosmic gamma rays. 

Task1.1  Calculation of the transition radiation by the neutrinos crossing the interface of two media perpendiculary.

Task1.2   Calculation of the transition radiation by the neutrinos crossing the interface of two media at arbitrary angle.

Task1.3   Transition radiation by the neutrinos in the media with many (arbitrary located) interfaces.  

Task 1.4 We'll try to explain low energy gamma rays origin as transition radiated photons.

Task 1.5 We'll try to explain the expelling of the remnant of the Supernovae via interaction of the Supernovae neutrinos at the border of the dense Supernovae and (almost) vacuum. 

Task 2. Neutrino oscillations in the density varying medium.

We intend to investigate matter effects on the neutrino oscillations in the medium with several different matter density layers.   We intend to get approximate solutions which are both accurate and has all advantages of a full analytic treatment for the case of three-neutrino mixing. The result may be important for investigation of the solar, Supernovae and accelerator neutrinos



Task 2.1 Magnus expansion of the S-matrix in full 3 neutrino case.

Task 2.2 An approximate semi analitic equations for the oscillation probabilities of neutrinos at different long baseline experiments using ordinaray and magnus expansion of the S-matrix.

Task 3 LHC physics — Heavy Higgs, heavy flavour physics

Task 3.1 We intend to investigate phenomenological consequences of the very heavy Higgs particle as a tower of particles with lower masses and with weaker couplings to the standard model particles.

Task 3.2 We intend to investigate possible consequences of the existance of very heavy higgs particle on the unifications of the fundamental forces( electroweak and strang). 

Task 3.3 We intend to analize the LHC experimental data on the lifitime difference between charged and neutral D mesons.

IMPACT:


We had developed special perturbation theory for the neutrino transition S-matrix in the varied density at 1st, 2nd and 3rd order in matter effect on oscillation probabilities.


We had developed unitar (magnus) expansion of the neutrino transition S-matrix in 2 neutrino case.



At CERN summer school we wrote a program for analizing lifetime difference of the charged and neutral D mesons.


We calculate transition radiation by neutrinos at an interface.


We got preliminaly results of the physical consequences of the very higgs field on low energy physics and grand unification.

We intend to make use the oscillation properties of neutrinos for tomography of the Earth’s electron density profile.  We intend to make use mass eigenstate neutrinos such as solar and supernovae neutrinos for our study.  We intend continue our investigation in order to get better analytical solutions to the electronic neutrino regeneration probability crossing the Earth depending on neutrino energy and zenith angle. Making use our analytical result for the electronic neutrino regeneration probability crossing the Earth we intend to get Earth’s matter density profile depending on the neutrino energy and ,to determine  m^2 with higher accuracy then at other neutrino experiments.

We intend to continue our investigation of the neutrino transition radiation. We intend to explain the origin of low energy cosmic gamma rays as the transition radiation photons. We intend to investigate the possibility to explain the expelling of the remnant of the Supernovae via interaction of the Supernovae neutrinos at the border of the dense Supernovae and (almost) vacuum. 

Personnel Commitments (chart, total number of project participants, responsibilities of each).

We are planning to have 5 members group (One of them: group leader). Members are 51, 52, 26, 23 and 22 years old (mean: 34.8 years old). 

 Equipment

	Equipment description
	Cost (US $)

	One desk computer

One Laptop

Modernization of old computers

Office equipment


	800 $

1050 $

250 $

350 $

	Total   2450 $


Подробное описание заказываемого оборудования, указание сайта фирмы.

Materials

	Materials description
	Cost (US $)

	Stationery (including printer cartridges): 
	80 $/year


Other Direct Costs

	Direct cost description
	Cost (US $)

	-
	-


Travel costs (US $)

	CIS travel
	International travel
	Total

	
	Travel to CERN (Switzerland) each year: 750 $ for ticket and 2000 $ for accommodation.
	8250 $


Technical Approach and Methodology

We intend to explain the origin of low energy cosmic gamma rays as the transition radiation photons and the expelling of the remnant of the Supernovae explosion.

The main objective of the proposal is the investigation of the possibility of the tomography of the Earths profile via solar/supernovae neutrinos and the possibility to explain the origin of the space low energy gamma rays and the expelling of the remnant of the Supernovae explosion.

The elastic forward scattering (refraction) of neutrinos modifies properties of neutrino oscillations changing both the oscillation length and depth. The effect depends on electron density of medium.  Oscillation of solar neutrinos in the matter of the Earth modifies the electronic neutrino flux during the night. In most of the cases, the Earth-matter effect leads to the regeneration of the electronic neutrino flux, so the asymmetry is positive. The observation of a day-night asymmetry will be the proof of the matter conversion solution of the solar neutrino problem. The regeneration probability depends on the electron density profile of the Earth. Thus the measurement of the electron neutrino regeneration will allow us to study the density profile of the Earth. Further insight can be obtained by studying the zenith angle  distribution of the electron neutrino flux during the night and dependence on the neutrino energy.  In  were developed a formalism for the matter effects in the Earth on low energy neutrino beams which is both accurate and has all advantages of a full analytic treatment. The oscillation probabilities are calculated up to third order term in \epsilon(x) = 2V(x)E/ m^2 where V(x) is the neutrino potential at position x and using unitary Magnus expansion.  Using those expansions it has been analytically studied the sensitivity of the oscillation effects to structures of the density profile situated at different distances from the detector. It has been shown that the present day detectors are “short-sighted” and are only able to detect the effects of the matter which is situated close to the detectors.

The plasma process γ → ¯νν was first studied by Adams, Ruderman, and Woo  and independently by Zaidi in order to calculate stellar energy losses into neutrinos. The ν-γ-coupling is enabled by the presence of the electrons of the background medium, and the process is kinematically allowed because the photon gets an effective mass (n<1). The plasma process is the dominant source for neutrinos in many types of stars and thus is of great practical importance in astrophysics . The presence of a magnetic field induces an effective ν-γ-coupling which contributes to the γ → ¯νν and ν → νγ reactions. Independently of the nature of the photon dispersion relation the process ν → νγ occurs at the interface of two media with different refractive indices (transition radiation). With the assumption of a neutrino magnetic dipole moment this process was recently studied by Sakuda, Kurihara and by Grimus, Neufeld.

We intend to make use the oscillation properties of neutrinos for tomography of the Earth’s electron density profile.  We intend to make use mass eigenstate neutrinos such as solar and supernovae neutrinos for our study.  We intend continue our investigation in order to get better analytical solutions to the electronic neutrino regeneration probability crossing the Earth depending on neutrino energy and zenith angle. Making use our analytical result for the electronic neutrino regeneration probability crossing the Earth we intend to get Earth’s matter density profile depending on the neutrino energy and ,to determine  m^2 with higher accuracy then at other neutrino experiments.


We intend to continue our investigation of the neutrino transition radiation. We intend to explain the origin of low energy cosmic gamma rays as the transition radiation photons. We intend to investigate the possibility to explain the expelling of the remnant of the Supernovae via interaction of the Supernovae neutrinos at the border of the dense Supernovae and (almost) vacuum. 
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