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Abstract 

 

The wide energy range covered by the complex NEVOD is determined by a unique 

combination of detectors and installations that have no analogues in the world. The energy 

region from few GeV to ~ 100 GeV is covered by muon hodoscope URAGAN with an area of 

46 m2. The region from several tens of GeV to several tens of TeV is covered by the Cherenkov 

water calorimeter with a volume of 2000 m3 with a dense lattice of quasi-spherical measuring 

modules. The region from ~ 1014 to 1017 eV is covered by four installations for registration of 

various components of EAS. The scintillation calibration telescope system with an area of 80 m2 

is used for registration of the EAS in the threshold energy region (~ 1014 eV). The NEVOD-EAS 

installation allows investigation of the EAS in the energy region of 1015 – 1017 eV. The prototype 

installation PRISMA-32 of 400 m2 and the first phase of the URAN detector with area of 2000 

m2 are intended for registration of the neutron component over the entire area of EAS in the 

energy region of 1015 – 1016 eV. The region of very- and ultra-high energies (1015-1019 eV) is 

covered by a coordinate-tracking detector DECOR with a total area of 70 m2; it is designed for 

the registration of muon bundles generated in inclined EAS. 

In recent years, two important results have been obtained at the complex NEVOD: a growing 

excess of muons with the rise of energy in the EAS, which is not explained by existing models 

(so-called "muon puzzle") has been revealed, and a method of muonography of near-Earth space 

has been developed with the purpose of the early detection of potentially dangerous phenomena 

in the heliosphere, magnetosphere and the Earth's atmosphere. 

The upcoming task of the complex is solution of the “muon puzzle” by means of 

independent measurements of the number of muons in the bundles in the coordinate-tracking 

detector and their energy release in the Cherenkov water calorimeter. With the inclusion of new 

muon generation processes, the specific energy release (per muon) will start increasing. 

The scheduled upgrade of the complex NEVOD, in particular, the creation of a new co-

ordinate-tracking detector TREK with an area of 250 m2 and the expansion of the detection 

system of the Cherenkov water detector to its full volume will significantly improve the 

conditions and will reduce the necessary duration of this experiment. In the field of 

muonography, it is planned to develop the muon hodoscope of the new generation to create a 

distributed network in Russia and Europe for the continuous monitoring of the space weather. 
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Overview 

1 Scientific context 

Over the past decade, the impression arose that the development of Particle Physics is 

mainly associated with accelerator experiments. That, in its turn, stimulated the construction of 

accelerators for ever-higher energies. In fact, the history of particle physics can be divided into 

three main stages. At the first stage, before the 40-ies of the last century, the first particles were 

discovered and studied in cosmic rays. Among them are positrons, charged pions, kaons and the 

first hyperon (Λ0). In 50-ties of the last century, the era of discoveries of new particles at 

accelerators began. Neutral pion, antiproton, antineutron, and also numerous resonances – short-

living particles, which were observed by means of detection of the products of their decays, were 

discovered. Later, W- and Z-bosons, heavy quarks and leptons, and the Higgs boson followed. 

But starting from 70-ties, the interest to cosmic rays and other non-accelerator experiments 

began to increase. Investigations of neutrino oscillations, searches of magnetic monopole and 

proton decay gave a powerful stimulus to development of mega-scale detectors and other 

facilities. These investigations were continued by a search for new particles: supersymmetric, 

dark matter, etc. Problems of origin and acceleration of cosmic rays were studied intensively. In 

these investigations, various unusual events and interesting phenomena which cannot be 

explained in the frame of existing models were observed. All that stimulated the development 

and construction of new type detectors and facilities which can give a new interpretation of 

characteristics of cosmic rays and their interaction at various energies. 

The "Experimental complex NEVOD" is oriented at obtaining of breakthrough scientific 

results of fundamental and applied research of cosmic rays in a record wide energy range (1 – 

1010) GeV and in the entire diapason of zenith and azimuth angles. The main tasks: 

In the field of fundamental research – the search for new states of matter and/or physical 

processes responsible for the observed changes in the energy spectrum and mass composition of 

the ultrahigh energy cosmic ray flux and for the formation of still unexplained anomalous 

phenomena, including the "muon puzzle". 

In the field of applied research – elaboration and development of a new technology for an 

early detection of hazardous processes and phenomena in the near-Earth space (heliosphere, 

magnetosphere and Earth's atmosphere) by measuring characteristics of the spatial-angular 

variations of the cosmic ray muon flux registered in a hodoscopic mode (muon diagnostics). 

The first problem connected with changes of the characteristics of the cosmic ray flux with 

the increase of the primary energy exists for over 60 years, but so far no consistent explanation 

has been found for the observed effects in the spectrum and composition of cosmic rays within 

the framework of the cosmophysical hypothesis of their formation. At the same time, during this 

period a large number of various phenomena were registered in different laboratories, which 

cannot be explained within the framework of existing models of hadron interactions (alignment, 

"Centauros", penetrating cascades, etc.). In last years, another problem appeared – a growing 

with the energy excess of muons, including very-high energy ones, that cannot be explained by 

any extraterrestrial sources. Since muons can be born only in decays of heavier particles, muons 



with energy above 100 TeV must be generated by particles (states of matter) that have mass in 

the TeV region and are formed in the Earth's atmosphere. 

The aim of this project is solving a complex of problems that were accumulated for over 60 

years in the study of ultra-high energy cosmic rays (above 1015 eV) in the framework of the 

nuclear physical approach. First of all, it is assumed to measure the energy release of muon 

bundles in the Cherenkov water calorimeter with simultaneous measurement of their number in 

the coordinate-tracking detector in a wide range of zenith angles from 50° to 90° that allows 

exploration of the primary energy range from 1015 to 1019 eV. Such experiment cannot be 

conducted at any existing or projected facility in the world. 

The second problem is the early detection of heliospheric disturbances caused by solar 

activity and assessment of their geo-efficiency. It is a key problem in solar-terrestrial physics. 

Cosmic rays represent one of few opportunities to detect such disturbances in the interplanetary 

space for 1 – 2 days before their arrival in near-terrestrial space. Long-term attempts to solve this 

problem with the help of the world-wide network of neutron monitors did not lead to the 

development of reliable technology due to the lack of information about the direction of primary 

cosmic rays that change their characteristics interacting with heliospheric disturbances. 

Investigations of the muon component of cosmic rays have significant advantages. Firstly, 

muons retain the direction of motion of primary particles, and secondly, they are generated by 

more energetic primary particles that allow tracking more powerful heliospheric perturbations, 

which are the most dangerous in the case of their arrival to the Earth. 

 

2 Objectives 

The aim of the project is to solve two large-scale and ambitious problems in the field of 

fundamental and applied research in the cosmic ray physics: 

 - search for new states of the matter and / or physical processes responsible for the 

observed changes in the characteristics of ultra-high energy cosmic rays and generation of 

unexplained anomalous phenomena, including the "muon puzzle"; 

 - design and development of technologies for an early detection of dangerous processes 

and phenomena in the near-terrestrial space (near heliosphere, the Earth's magnetosphere and 

atmosphere) based on the angular and spatial characteristics of variations of cosmic ray muon 

flux registered at a ground level. 

The significance of the results that will be obtained in this project and their impact on the 

long-term development of science and technology: 

- in the field of fundamental research: the discovery of experimental evidence of the 

existence of a new physical process or a new state of matter in interactions of ultrahigh-energy 

cosmic ray nuclei with the nuclei of air atoms will require a revision of existing concepts and 

approaches not only in the physics of cosmic rays, but also in astrophysics, as well as an 

updating of a research program for the nuclear-nucleus interactions at LHC; 

- in the field of applied research: the development of the technology of muon diagnostics 

will open the possibility of early detection and prediction of the development of powerful 



heliospheric disturbances, which can lead to the emergence of dangerous processes in the near-

Earth space, and will significantly reduce the risks and damages to ground infrastructures and a 

human life from such phenomena as magnetic storms, atmospheric hurricanes, tornadoes and 

squalls. The design and development of the project of a new generation of muon hodoscopes will 

be the beginning of a creation of the network of muon hodoscopes at the territory of the Russian 

Federation and Europe, and further the global network. The works on accumulation, storage, 

analysis and dissemination of the data of this network, as well as other necessary information 

about the state of the near-Earth space, including forecast estimations of the development of 

registered potentially dangerous phenomena, will be implemented in the center "NEVOD Big 

Data" that will be created within the framework of this project. 

 

3 Methodology 

The unique scientific facility NEVOD originally was constructed as a multipurpose and 

multifunctional complex for conduction of multi-component studies of cosmic rays in a wide 

range of energies and zenith angles. Currently, there are 5 world’s only detectors and 4 large-

scale operating prototypes of new detectors in its structure: 

- the Cherenkov water detector (CWD) with a volume of 2000 cubic meters, created on the 

basis of quasi-spherical modules that provide registration of Cherenkov radiation from charged 

particles at any direction with the same efficiency; 

- the coordinate-tracking detector DECOR of eight separate supermodules, each consisting 

of eight planes of streamer tubes arranged vertically that provides effective registration of cosmic 

rays at large zenith angles with a high spatial (~1 cm) and angular (~1 degree) accuracy; 

- the calibration scintillator telescopes system with area of 80 square meters provides the 

calibration of the Cherenkov quasi-spherical modules in the range of angles from 0° to 50° and 

distances from 1 to 15 m, as well as registration of the electron and muon components of the 

extensive air showers at energies of 1013 – 1014 eV and 1016 – 1017 eV, respectively; 

- the prototype of the coordinate-tracking detector based on the drift chambers of 30 square 

meters area that provide measurements of muon tracks with accuracy of 1 mm and registration of 

bundles with a high density (more than 10 particles per square meter); 

- two prototypes of the setup for registration of the neutron component of EAS in the energy 

range above 1015 eV, the first one created from neutron scintillation counters based on 6Li (area 

of 500 m2), and the second one based on 10B (area of 1000 m2);  

- a first stage of a cluster-type EAS scintillation array with an area of 104 m2 for registration 

of EAS electron-photon component in the energy range of 1015-1017 eV;  

- the muon hodoscope URAGAN for registration of spatial-angular variations of cosmic rays 

that provides muon diagnostics of the near-Earth space, and a new muon hodoscope based on 

scintillation strips that represents a prototype for the creation of a network of such devices. 

As a result of the project, new detectors and installations will be created and upgraded: 

1. The first in the world coordinate-tracking detector TREK based on vertically oriented 

drift chambers (264 units) with a total area of 250 square meters that will completely cover the 



side aperture of the Cherenkov water detector and will improve spatial resolution of muon tracks 

nearly 10 times compared to the existing coordinate-tracking detector DECOR (from 3 cm to 3 

mm). At the same time, the number of measuring channels will be less in comparison with the 

DECOR about tenfold. The creation of the TREK detector will be implemented with the 

contribution from IHEP (Protvino) in the form of provision of drift chambers (300 pcs.). 

2. The creation of the new detection system of the Cherenkov water detector in full volume 

of the water reservoir and its upgrading by replacing the existing quasi-spherical modules (QSMs 

of 6 flat PMTs) which have worked for a quarter of the century with new modules from 14 

hemispherical PMTs. Such modules represent a further evolution of the concept that was laid in 

the development of QSMs for NEVOD. The concept of multi-PMT QSMs is also adopted for 

further development of other large-scale neutrino detectors, including IceCube (Antarctica) and 

KM3Net (Mediterranean Sea). This will make it possible to perform a mutual calibration of 

measuring modules of all large-scale neutrino telescopes in the CWD NEVOD. 

3. The upgrade of the calibration telescope system (CTS) with increased area of registration 

planes of scintillation counters. This will give the possibility to calibrate the whole modernized 

detection system of the CWD. In addition, the density of detectors will be increased, and a new 

CTS plane will be added on the roof of the building above the NEVOD. It will expand the ability 

of the CTS to register electron-photon and muon components of the EAS. 

4. The upgrade of the coordinate-tracking detector DECOR with a reconfiguration of the 

supermodules relative to NEVOD and TREK detectors, and with a new gas distribution system, 

new local posts of the DECOR registration system that will increase the reliability and the 

stability of the detecting system of the tracking detector, which operated over 20 years. 

Modernization of the DECOR will be carried out with the contribution from Osservatorio 

Astrofisico di Torino – INAF, Turin, Italy in the form of transfer of streamer tubes. 

5. The only in the world installation for registration of atmospheric neutrons (URAN) with 

area of 104 square meters that will provide registration of the neutron component of the EAS 

over the entire area of detected showers. The setup has a detection system in the form of a 

regular array of thermal neutron detectors based on thin layers of polymerized compound of 

ZnS(Ag)+B2O3 granules in transparent silicone gel. 

6. The shower installation NEVOD-EAS deployed throughout the territory of the MEPhI. It 

is designed to measure the energy of primary particles, at which new properties of nucleus-

nucleus interactions (the formation of new states of matter and/or the inclusion of a new physical 

process) start to appear. The structure of the detection system of NEVOD-EAS is based on 

independent clusters. The deployment of the central part of the NEVOD-EAS setup will be 

completed with the contribution from Turin University, Italy in the form of providing of 

scintillation counters used earlier in the KASCADE-Grande experiment. 

7. The wide-aperture scintillation muon hodoscope (SMH) is a new generation setup for 

registration of variations of secondary cosmic rays. For the first time, the network of muon 

hodoscopes at the territory of Russia at the branches of MEPhI will be created to conduct applied 



research of processes of modulation of cosmic rays in the Earth's atmosphere and near-Earth 

space. 

8. The NEVOD Big Data center will be created for accumulation, storage, processing and 

access to cosmophysical data obtained at multi-component studies of cosmic rays and their 

variations caused by various heliospheric and geophysical phenomena. The center will be 

organized on the basis of the supercomputer and the storage and rapid access system of a large 

volume. 

The main features of the facility being developed in the field of basic research is the 

possibility of simultaneous multi-component measurements in a record wide range of energies 

(109 – 1018 eV), and in the field of applied research the possibility of using the muon diagnostics 

method for the development of the technology for the early detection and prediction of 

potentially dangerous processes in the near-Earth space. 

The experimental complex NEVOD is the only world setup where research studies of the 

new state of matter responsible for the formation of muons in the nucleus-nucleus interactions at 

ultrahigh energies of cosmic rays can be carried out, since this requires simultaneous 

measurement of the number of muons in the bundles with the coordinate-tracking detector and 

their energy release with a calorimeter of a large area and volume. It is preferable to use a near-

horizontal cosmic ray flux, in which the density of muons is less and it is easier to register the 

appearance of muons at ultrahigh energies. There are no such installations in Russia or in the 

world. The solution of this problem in nuclear collisions at colliders (LHC) is very difficult, 

since the decays of the heaviest particles (W and Z-bosons) form muons with energies about 40 

GeV. In cosmic rays, due to the conservation of momentum of the primary particle, this energy 

increases to hundreds of TeV. 

 

4 Readiness and expected challenges 

The objectives of the project can be reached as a result of the creation of a mega-science 

class facility based on the existing Unique Scientific Facility “Experimental Complex NEVOD”, 

the team of which has considerable and many-year experience in developing and creating large-

scale physical detectors, many of which were designed and successfully launched into operation 

in 1990s and 2000s. Works on the project, experimental and theoretical studies are carried out 

with a wide involvement of undergraduate and graduate students of the National Research 

Nuclear University MEPhI. 

At present, the main methodological questions of modernization have been worked out on 

the detectors and systems of the complex, and experimental approaches with the help of which 

the tasks of the project will be solved have been tested. 

To minimize the risks, the project working plan is divided into three main stages: 

 2019-2020: the preparatory stage at which the development of all new detection elements 

will be carried out and the deployment of the TREK detector will begin. The creation of the 

installation module of the TREK detector is planned for the first year of the project; after 



this stage, the creation of the TREK detector is practically of no economic risk, since IHEP 

(Protvino) guarantees the delivery and transmission of drift chambers that are in stock. 

 2021-2023: the stage of launching new detection systems of the CWD, SCT, DECOR, 

TREK, two muon hodoscopes and the creation of second stages of the NEVOD-EAS and 

URAN facilities. The working plan at this stage is based on the principle of “do no harm”, 

the modernization of the detectors will begin after the manufacture of 1/3 of the required set 

of new detection elements, that exceeds the completeness of the current configurations. 

Reducing of the manufacturing risks at the second stage is ensured by the thoroughness of 

the overall technical project and work with proven contractors who will be monitored by the 

staff responsible for this area. In the event of an unfavorable economic situation (termination 

or a sharp reduction in the financing of work) in any year of the second stage, the created 

detectors can be put into experimental exposure mode and will produce physical data, but 

their performance characteristics (volume or area, and hence the data statistics and, possibly, 

the energy range of recorded events) will be reduced.  

 2024-2026: creation of the third stage of the NEVOD-EAS and URAN facilities, creation of 

three muon hodoscopes. The manufacturing risks of the third stage are lower than at the 

second stage, since contractors by this time will have mastered the production of necessary 

elements of the detectors. The impact of economic factors is the same as at the second stage; 

in case of unfavorable economic situation, the complex will have fully functional 

infrastructure capable of solving the project tasks, but in a longer period and, in some cases, 

with reduced characteristics. 

 


