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Born on 22 August 1913 in Pisa  
 

Was already celebrated by series of events:  
 

   V International Pontecorvo School on Neutrino 
Physics, 6-16 September, 2012, Alushta, Crimea.   

 
   Ceremony of EPS Historic Site Opening in 
Dubna, 22 February, 2013.  

 
   XVI Lomonosov Conference, 22-28 August 2013, 
Moscow.  

 
   Scientific Session of RAS on Perspectives in 
Neutrino and Astroparticle Physics, 2-3 September, 
2013, Dubna.  

 
   The Legacy of Bruno Pontecorvo: the Man and 
the Scientist Conference, 11-12 September, 2013, 
Rome.  

 
   Pontecorvo 100: Symposium on the centennial of 
the birth of Bruno Pontecorvo. 18-20 September, 
2013, Pisa.  



 
1931-1936 – B.Pontecorvo was a student 
and then a member of the widely known 
group of “Via Panisperna boys”. 
 

 

 
Under the guidance of Enrico Fermi 
B.Pontecorvo studied the properties of 
slow neutrons and took part in the 
discovery of the phenomenon neutron 
moderation 
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1936-1940 – B.Pontecorvo worked with F.Joliot-Curie at the Radium Institute in 
Paris. 

 

 
The research of nuclear isomerism 

 led him to the discovery of a  
New  phenomenon of nuclear  

phosphorescence  
(excitation of  metastable states of a 

beta-stable isotopes with MeV 
gamma-quanta) 

 
 

 



 
1940-1942 – a private company in the USA 
 B.Pontecorvo studied geophysical methods of oil  wells’ probing 
 

 
 

He suggested and worked 
 out a new effective  

method of oil 
 exploration in 1941 – the 

neutron 
 logging that tops the 

 chronology 
 of important applications of  

neutron 
 

 



1934 - Bethe and Peierls evaluated the cross section of neutrino interaction with 
matter (which turned out to be less than 10-44 cm2) it was thought that neutrino 
was impossible to be registered.  

Bruno Pontecorvo was the first to doubt it.  

He realized that it was the reactor that could be 
an intense neutrino source (today we know that 
it is antineutrino), and suggested in 1946 a 
method to register these neutrinos by the 
extraction of an argon isotope that was 
produced at the inverse beta decay  
 
(neutrino + 37Cl → 37Ar + electron).  
 
Now the whole world knows this phenomenon 
as the radiochemical chlorine-argon method to 
detect neutrinos from the Sun. 



In 1948 B.Pontecorvo designed a proportional counter of a small size with a big 
signal amplification.  While applying it, he observed for the first time in 1949 the 
nuclear capture of L-electrons in argon and made the first measurement of the 
tritium beta spectrum from which the first restriction on mass of the electron 
neutrino of less than 500 eV was obtained.  



 
August 1950 – B.Pontecorvo came to live in USSR 
1953 - Bruno Pontecorvo expressed a hypothesis on 
simultaneous production of kaons and hyperons and 
together with L.B.Okun came to a conclusion that 
the quantum number “strangeness” can change by 
not more than 1 in weak processes. 

 

1956 - B.Pontecorvo published a paper on a 
possibility of exotic annihilation reactions forbidden 
on one nucleon but allowed when the antiproton 
annihilates in the nucleus. This type of reaction is 
known today as “the Pontecorvo reaction”; it gives 
new opportunities for meson spectroscopy. 

 



In 1957 B.Pontecorvo for the first time expressed the idea on 
possible existence of muonium transitions (μ+е-) into 
antimuonium (μ-е+). In this process the lepton numbers of 
particles change immediately by 2 and, consequently, this 
process is totally forbidden in the Standard Model. Discussing 
the muonium-antimuonium transitions, B.Pontecorvo 
presupposed that oscillations can occur not only in the case of 
bosons (neutral kaons and muonia), but also in the case of 
electrically neutral fermions. It was the birth of the neutrino 
oscillation hypothesis. 
 
 

It was founded on the deep analogy of the weak 
interaction of leptons and hadrons that motivated Bruno 
Pontecorvo long before the occurrence of the quark-
lepton symmetry in the modern Standard Model.  
 

B.Pontecorvo regarded neutrino oscillations as a 
phenomenon analogous to neutral kaon oscillations 

possible only in the case when neutrinos possess small, 
different from zero, masses. 

 



 
After 1957 the scientific interests of B.Pontecorvo turned 
again to physics of weak interactions, and especially, to 
neutrino physics. In the paper “Electron and Muon Neutrinos” 
(1959) he showed that neutrinos from the accelerator can be 
detected with big detectors and proposed an experiment that 
could give an answer to the question if electron and muon 
neutrinos differed from each other.  

 

1961 - on the initiative of 
B.Pontecorvo, an attempt was 
taken at the JINR 
synchrophasotron to detect the 
reaction of neutral weak currents 
 νμ + N → νμ + N,  
that were later discovered in 
1973 at CERN with much more 
intense neutrino beams. 

 



Undoubtedly, neutrino oscillations is  
the most outstanding idea of 

B.Pontecorvo. He devoted many 
years to its development.  

It took years and efforts for the tiny 
neutrino masses to become reality.  

 
The discovery of neutrino 

oscillations is the triumph of Bruno 
Pontecorvo idea.  

 
Now his name is eternized in the title 
of the neutrino mixing matrix – the 
Pontecorvo-Maki-Nakagawa-Sakata 

matrix. 
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 Processes (decays, scattering) with neutrinos pushed 
forward the Fermi theory, SM. 

 Neutrinos (together with photons) are the most abundant 
particles in the Universe. 

 Relic neutrinos should be after Big Bang (together with 
relic background radiation). 

 Massive neutrinos are crucial for construction of theories 
beyond the SM. 

 They are hot Dark matter and responsible for Large 
scale Structure.  

 Solar neutrinos inform us about the Sun interior and how 
the Sun works.  

 Supernovae exposures are impossible without neutrinos, 
there are nuclear synthesis r-processes governed by 
neutrinos. 

 Only neutrinos could supply us with the most distant 
cosmic signals.  

 Neutrinos are very accurate probes of the structure of 
hadrons (strangeness, charm, spin, 5Q, ...), they allow 
test of QCD.  

 There is already practical use of neutrinos: nuclear plant 
control (diagnostics),outer space, geo-neutrinos, 
communications (“neutrino” was coded and decoded!)….. 

 Why are neutrino mixing angles so large (contrary to quarks)?  
 What is a source of too small neutrino masses, is it 

connected with a new huge mass scale? 
 What is a correct ordering (hierarchy) of neutrino masses? 
 Do neutrinos have CP-phases and could they “save” 

Baryogenesis (by means of Leptogenesis)?  
 Could we check directly that the matter effect really works? 
 Is the neutrino mass term Majorana or Dirac (neutrino = 

antineutrino, or not)?  
 How does the Sun really shine? 
 Is oscillation already a unique description of neutrino flavor 

changes? 
 How do the neutrino properties affect the other (very)rare 

weak processes? 
 Where are the relic neutrinos?  
 Do neutrinos have magnetic moments (diagonal or transition)?  
 When we measure coherent low-energy neutrino scattering 

off nuclei? 
 Could neutrinos explain beyond-GZK Cosmic Rays?  
 Is there any real possibility of seeing new (heavy) neutrinos 

with the LHC? 

Neutrino seems to be one of the most abundant fundamental and 
interdisciplinary objects. The studies of the neutrino properties may 
significantly influence our understanding of basic principles and 
evolution of the Universe.  



Neutrino Physics  
at JINR 
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15 Amplification of oscillations by MSW effect  

Are well established in different experiments  
with disappearance of neutrino flux  
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• Daya Bay θ13 measurement and prospects for mass Hierarchy and CPV    

732 Km 
νµ 

ντ 

CERN NEUTRINOS TO GRAN SASSO 

732 Km 

• Study of Neutrino mixing parameters  
• OPERA at Gran Sasso Underground Laboratory 
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(A,Z)→(A,Z+2) + 2e- + 2ν (A,Z)→(A,Z+2) + 2e- + 0ν  

ββ2ν - allowed in SM 
T1/2 ~ 1020y 

ββ0ν - forbidden in SM  
T1/2  ≥  1025y 

(E1+E2)/Qββ 

Double beta decay  

Detection of ββ0ν will mean:  
• Majorana neutrino  
• Absolute mass scale  
• Hierarchy of neutrino masses     

Super Nemo  
and  

GERDA/Majorana  
  

Collaborations   
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Neutrino Astronomy  
 Borexino detector at Gran Sasso:  

300 t of L S, 3500 мwe overburden 
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Experiments at Kalinin NPP  

Fundamental and Applied Research:  
 

 Search for Neutrino Magnetic Moment  
 

 Measurement of Neutrino Fluxes and Spectra  
 

 Search for Sterile Neutrino States  



GEMMA: Results and Prospects 
HpGe detector  

Present:  
1.5kg, 14m  

 

μν ≤2.9×10–11 μB 

Future: 
6.0kg, 10m  

 

μν ≤1.0×10–11 μB 



Segmental solid 
plastic 

scintillator 
(2500 cells) 

 
Sensitive 

volume=1 m3 

Cu (carriage 
frames =  
γ-shield) 

Pb  
(γ-shield) 

CH2 + B 
(n-shield) 

Plast. scnt. 
(µ-shield) DANSS 

ITEP/JINR 
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 Measure the actual reactor power (Nν)  
 

 Deduce the actual fuel composition (Eν) 
 

 On-line reactor monitoring (tomography)  
 

 Non-proliferation (to prevent unauthorized 
extraction of 239Pu) 

But also  
Search for Sterile neutrino  

(anti) neutrino would allow: 

23 
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What do we know about the number of 
neutrino types? 

 

Another Δm2 ?? 

Cosmology:  
Objective:  

Search for neutrino sterile 
states in oscillations at very 

short distances  
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6.6 

0.0 

10.7 

• Possible to move DANSS by 
~2.5 m (from 9.7 to 12.2)     
on-line 
 

• Or by longer distance (up 
to 18.8 m), but with partial 
dismounting  

25 

Testing Reactor Anomaly  
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CM-3  
research reactor 

 
(НИИАР,  Димитровград) 

 

Operation: since 1961 
Reconstructions: 1965, 1974, 1992  

Core: 35x42x42 cm 
Thermal power: 100 MW 

Fuel: 235U (90%) 
Distance available: 5.17 - ~15 m 

Background in the room: ~x4 
ON/OFF: ~2/1 
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ВВЭР-1000 

СМ-3 
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 Sensitive volume:   1 m3 

 Total mass:   13 t + lift + … 
 Composition:   5 sections (1m × 1m × 0.2m) 
             of (5X + 5Y) modules = 2500 cells          

    { 1 module = 5 × 10 = 50 cells } 
 IBD detection efficiency: ~72% 
 Count rate: ~104 IBD-events/day  @11 m 
 Background: 40-50 events/day 
 Energy resolution: σ ≤ 30%  @ Eν = 4 MeV 
 Due date:  section №0 - 4       – 2010 – 2012 
 Installation at KNPP  

 DANSS+lifting gear + shielding  – 2012  
 Start tests and data taking    – 2013  
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 The Neutrino Physics and Astroparticle Physics, in general, are 
among  the main flagship topics of the JINR research program.  

 
 It is a pleasure to acknowledge the contribution to this field of a 
great scientist and a man of the XXth century – Bruno 
Pontecorvo.  

 
 We are very proud that  the scientific program of our Institute 
has been influenced by his outstanding talent, genius intuition and 
human personality.  
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Armenia 
Azerbaijan 
Belarus  
Bulgaria 
Cuba  
Czech Republic  
Georgia  
Kazakhstan  
D. P. Republic of Korea 
Moldova  
Mongolia  
Poland  
Romania  
Russian Federation  
Slovakia  
Ukraine  
Uzbekistan  
Vietnam 
 
     

Participation of Egypt, Germany, Hungary, Italy, the Republic of South Africa and 
Serbia in JINR activities is based on bilateral agreements signed on the 
governmental level. 



In total, the JINR collaborates with more than 700 scientific 
centers and universities in 63 countries all over  the world. 
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 A working meeting with representatives of the European Commission – the Executive Committee for development of 
research infrastructure and coordination of joint mega-science projects, which are being implemented in Russian scientific 
centers and JINR, was held on 16 May 2013 in the Ministry of education and science of the Russian Federation. Meeting 
participants were received in the JINR Directorate in Dubna on 17 May 2013. 
 
 Head of the Department of development of priority scientific and technical fields Sergei Salikhov and his colleagues 
Head of European Commission Research Infrastructures Department Anna Arano Antelo, European Union experts Ex-
Director-General of CERN Robert Aymar, CEA representative Suzanne Gotha Goldman, member of the European Strategy 
Forum on Research Infrastructures Jean Moulin (ESFRI), Professor Steve Myers (CERN), GSI Director Horst Stocker 
(Germany), Science and Innovation Advisor Richard Burger took part in the negotiations.  
  
 The members of JINR Directorate have presented JINR’s programme of scientific and research activities, they spoke 
about international cooperation and participation of the JINR member states and JINR associate members in projects of the 
JINR Seven-Year Development Plan, focusing on the mega-project NICA.  
 The guests visited the Veksler and Baldin Laboratory of High Energy Physics and main scientific and technical sites, 
where working process on the NICA project is being held, met leading scientists.  
 The large scale of design and research activities as well as extensive cooperation with leading scientific centers and 
experts, in particular, with specialist from Germany, who design the accelerator complex FAIR, which is supplement to the 
collider NICA, made deep impression on visitors.  
 Professor Horst Stocker, who is well informed about working process in VBLHEP, noted the significant progress at all 
sites, which were visited by members of the European Commission delegation. 
 During the final exchange of opinions participants expressed interest of the European Commission in participation in 
the Dubna’s mega-science project, enhancing international cooperation in this direction. . 



     The meeting was attended by Representatives of INFN and the Italian Embassy in Russia and by 
members of the JINR Directorate and representatives of laboratories: DLNP, FLNR, BLTP and 
VBLHEP. 

     Members of the INFN delegation made presentations on research in various areas of particle physics, 
nuclear physics and INFN applied research. JINR Director and representatives of JINR laboratories 
also gave overviews of the JINR activities, which are interesting for cooperation.  

       The Committee identified the prospects of cooperation between the two research centers. In the 
frame of the INFN-JINR collaboration, an Agreement on cooperation between INFN (Section in Pisa) 
and JINR was signed during the meeting. 



     Members of the JINR Scientific Council, members of the Committee on JINR-INFN cooperation, 
DLNP staff members participated in the opening ceremony of the memorial board of the European 
Physical Society (EPS) at the office of B.M. Pontecorvo on 22 February 2013 at the Dzhelepov 
Laboratory of Nuclear Problems. 

     EPS President Luisa Chifarelli (National Institute for Nuclear Research, Italy) opened the 
ceremony. 

 If Bruno Pontecorvo were alive today, he undoubtedly would have received the Nobel Prize.  
   He had a lot of ideas - the existence of different types of neutrinos and their oscillations, and these 

ideas came to him when only one type of neutrino was known. 
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The concept of the Seven-Year Plan is based on the 
concentration of resources to upgrade the own 
infrastructure and to participate in major 
international projects with visible contributions.  
The key elements of the JINR research 
infrastructure are the following basic facilities: 

– the ion collider NICA (Nuclotron-based Ion 
Collider fAcility) for research in the field of 
high-energy heavy-ion physics ; 
 
– the cyclotron complex DRIBs-III (Dubna 
Radioactive Ion Beams) for the search for new 
superheavy elements of Mendeleev’s Periodic 
Table and for studies of the properties of 
radioactive and exotic neutron-rich nuclei; 
 
– the modernized reactor IBR-2M for research in 
condensed matter physics and particularly in the 
fields of nanoscience and nanotechnology. 
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I.    CERN (LHC): LHC development – consolidation of  SC magnets; 
                             CMS, ALICE and ATLAS – data taking & analysis; 
                          upgrade of all 3 detectors – moderate additional resources; 
II.    CERN (SPS): 
  COMPASS – finished 1st phase. Detector modification to   
                                      measure GPD (DVCS) and polarized/unpolarized D-Y;  
  NA61 – neutrino and heavy-ion programs; 
  NA62 – measurement of extremely rare decays (K+ →π+νν) ; 
                               DIRAC – lifetime measurement of ππ and πK atoms completed at PS; 
                                              collaboration formed to continue at SPS;  
III.   BNL (RHIC):  
  STAR - energy scan HI program and physics with polarized beams 
                                           (important experience for future research at NICA) 
IV.   Fermilab:        CDF, D0 – finishing the data analysis 
   Mu2e (µ→ e),  ORKA (K+ →π+νν)  – in discussion 
                                
V.   GSI, FAIR (SIS-18/100/300): HADES – on the beam 
                        CBM,  PANDA – in preparation 
 
VI. J-PARC & KEK: COMET (µ→ e),   in progress 
 



Main targets of the “NICA Project”: 
 - study of hot and  dense baryonic matter 

& nucleon spin structure 
 

   - development of accelerator facility  
for HEP in JINR providing 

intensive beams of relativistic ions from  p to Au 
polarized  protons  and  deutrones  

with max energy up to 
√SNN= 11 GeV (Au79+)  and =26 GeV (p)  

40 
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HTSC current leads  12 kA (China) –  
for test bench and for the Booster 

UHV test bench (up to 10-11 Torr) 
(with Czech assistance)  

Laser metrology for Booster 
alignment: Belarus 

Curved UHV vacuum chambers 
for Booster (Germany, Belarus,  

One of the main partners-Germany: (GSI/FAIR) + BMBF. 
New Test facility for assembly and cold test of SC magnets 
for NICA and FAIR 

Budker INP :  
RF systems for NICA, 
beam diagnostics, 
beam transportation 
channels, electron 
cooling for Booster,   

CERN, NRC KI (KI, ITEP, 
IHEP), FNAL, BNL, INR 
RAS, FZJ, AEI,...  

NICA project at JINR is additionally strongly supported by Russian Federation.  
It was accepted for financing among the mega-science infrastructural projects.  
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 45th and 46th Nuclotron Run demonstrated stable and 
reliable operation of the accelerator complex; 

  
 two test runs with a 3.42 A·GeV carbon beam and a 4 

A·GeV deuteron beam have been performed for the 
BM@N project; 

 
 total run durations were 1650 hours; 
 more than 1000 hours were delivered for the physics 

(FAZA-3, Quinta, DSS, Delta-LNS).  

BM@N, CBM-0 @ NICA & FAIR,  SPIN Physics @ NICA 



 
   NUCLOTRON, March 2013 

 Stochastic Cooling (Van der Meer S., 1984) 
  of the ion beam (deutrons) 
 
  First time in 
  Russia in  
  collaboration with 
  IKP FZJ (Juelich)  
 
  Spectrum of  
  transverse noise 
  E_d = 3 GeV/n, 
  I ~ 10^9 particles 
 
  Blue – just after  
  injection 
  Yellow – after 8 min’s  
   of cooling 
 
   

Signal of the beam dP/P distribution evolution (~300 sec)  



2017 

2018 

20?? 

2015 

Fixed target: 
L-limited by 
detectors  

Colliders: 
scale of  L, 
in  cm -1s-1 

SIS-18 (GSI) 

Nuclotron-M (JINR) 

SPS (NA-49/61, CERN) 
AGS (BNL) 

RHIC 
(BNL) 

Booster (JINR) 
NICA (JINR) 

SIS-100 (FAIR) 

SIS-300 (FAIR) 

2 4 6 8 20 40 60 80 

for Au+Au 1 10 102 
√SNN, GeV   

10-27 

 

 
10-25 

 
 
10-23 
 

NICA schedule   
Existing & Future HI Machines  
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DRIBs (I,II,III) –  
Dubna Radioactive 

 Ion Beams  

  

U400 and U400M isochronous cyclotrons are combined into  accelerator 
complex – the project DRIBs – which deals with  production of beams of 
exotic light neutron-deficient and  neutron-rich nuclei in reactions with 

light ions. 
45 

 
U-400: energy factor K 305÷650 
mass-to-charge ratio range 5÷12 
 
    

U-400M: accelerated ion 
mass 4÷238 
energy 20÷120 MeV/n; 
mass-to-charge ratio 2÷5 

Heavy Ion Physics at Low 
Energies  
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113 

Discovered 
at JINR in 2003 

114 

Discovered 
at JINR in 1999 

115 

Discovered 
at JINR in 2003 

116 

Discovered 
at JINR in 2000 

118 

Discovered 
at JINR in 2001 

D.I. Mendeleev 
1834 - 1907 

117 

Discovered 
at JINR in 2009 



As recognition of the outstanding contribution of JINR scientists to the research 
in the modern physics and chemistry, the International Union of Pure and Applied 
Chemistry named element 105 of the D.Mendeleev Periodic system of chemical 
elements "Dubnium". 
Very recently IUPAC has officially approved the name Flerovium, with symbol Fl, 
for the element of atomic number 114 and the name Livermorium, with symbol 
Lv, for the element of atomic number 116. Priority for the discovery of these 
elements was assigned to the collaboration between the JINR (Dubna, Russia) 
and the Lawrence Livermore National Laboratory (Livermore, California, USA).  
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Road map 
Superheavy elements (SHE) 

Project «DRIBs-III» 
experimental base 

 
 Nuclear structure and 

properties of SHE 
 Chemical properties of SHE 
 Electron structure of SH atoms 
 Search for new nuclear shells 
 Search for SHE in nature 

 
 Upgrade of the running 

accelerators U400 and U400M 
 Construction of the new 

experimental hall (≈ 2600 м2) 
 Development and construction 

of the next-generation set-ups 
 Development of high current 

heavy ion accelerator 
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Upgraded IBR-2 
Pulsed reactor with fast neutrons 
mean power 2 MW 
pulse frequency 5 Hz 
pulse width for fast neutrons  200 μs 
thermal neutrons flux density on the moderator surface:   1013n/cm2 /s 
maximum in pulse: 1016 n/cm2 /s 
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and spectrometer complex 





 Theory of PP, NP, CMP  
 

 Networking and computing  
  
 Training of young staff 

 

51 



Main fields of research  
 
Theory of Elementary Particles and Fields  

 
Nuclear Theory, Nuclear Structure and 
Dynamics 

 
Theory of Condensed Matter and New 
Materials 

 
Modern Mathematical Physics 

 
Research and Education Project   
     “Dubna International School of  
     Theoretical Physics (DIAS-TH)”  
 
 
 
 
 
 
 
 
 
 
 

Publications, 2012 

Total         ~ 430 
Journals  ~ 250    
     

Educational Activity 

> 50  lecture courses at JINR UC,  
DIAS-TH, Moscow U., Dubna U., MPTI, etc. 

Conferences and Schools 

Total  -  15 (> 1000 participants) 

DIAS-TH and Helmholtz Schools  - 3 
(> 20 countries were represented)  

Theoretical Physics  



JINR-LCG2 Normalised CPU time by LHC 
VOs. January - September 2013. 

More than 3 million  jobs run 
Total normalised CPU time – 20 346 183 kSI2K-hours 

Grid users (WLCG) 

Local JINR users (no grid) 

Jobs run by JINR Laboratories and 
experiments executed at CICC 
January - September 2013. 

BLTP 8,99%

MPD 39,12%

LRB 1,00% LIT 1,61%
COMPASS 13,23%

DLNP 3,84%
FLNP 0,40%

VBLHEP 3,57%

PANDA 27,39%

LBES 0,86%

56 800  jobs run  (Jan. – Sep. 2013) 
Total normalised CPU time – 2 081 683 kSI2K-hours 



University 09/10 10/11 11/12 12/13 
MPhTI 16 28 36 31 
MSU 24 27 23 34 
MSTU MIREA 166 64 56 19 
NRNU MEPhI 3 2 3 6 
Dubna IU 229 232 261 253 
Other 
Universities 

116 83 121 108 

Total 554 436 500 451 

Distribution of students over JINR Laboratories 

DLNP BLTP FLNR FLNP VBLHEP LIT LRB 
90 47 74 60 86 46 48 
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Bruno Pontecorvo was leading for 20 years the Chair of Elementary Particle 
Physics at Physics Department of Moscow State University  



56 

Opening of the monument to Bruno Pontecorvo and Venedict Dzhelepov at 
Dubna on 20 September 2013  



 To stay at the forefront of Science, JINR has 
proposed and is realizing the ambitious 
projects within the 7-year planning horizon 
and beyond it. 
 

 This main mission of JINR as International 
Research Center is strongly supported by 
the JINR’s Member States and governing 
bodies.  
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