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Born on 22 August 1913 in Pisa  
 

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

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

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

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

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

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

In 2013 the centenary of Bruno Pontecorvo  
was celebrated by series of events  
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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 

3 



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 

4 



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) 
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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 

 

1947 – First realized that coupling constants of muon and electron interaction  
            with nucleons are the same. Starting point of lepton universality.  
1948 – Proportional counter with high gain for low background measurements 
1949 – Measurement of tritium beta spectrum and first limit on neutrino mass  
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August 1950 – B.Pontecorvo came to live in USSR 
1951-1953 – Measurement of neutral pion production 
at Dubna synchrocyclotron  
1954-1957 – Measurememnt of piP and piN 
interactions  
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. 
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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. 
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Pauli himself was in doubt that this new particle will be ever detected 
experimentally.  
 
Estimated in 1934 by Bethe and Peierls very small (~ 10-44 cm2 ) cross 
section for neutrino interaction just strengthen these doubts.   

In 1930 a new particle (neutrino) was introduced by W.Pauli as a solution of a problem of 
continuous  beta-spectrum, which was thought to contradict to the energy conservation law.  
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Based on the absence of a certain decay channels a very important new concept of a 
“Lepton number ” (and later “Individual (flavor) Lepton number”) was introduced in the 
early 1950s.  It followed from this concept that electron and muon neutrinos should be a  
different particles.  

In the paper “Electron and Muon Neutrinos” (1959) 
B.Pontecorvo 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.  

νµ≠νe 

This experiment was performed in 1962 at BNL showing that electron and muon 
neutrinos are different particles. (Nobel Prize 1988: L.M.Lederman, M.Schwartz 
and J.Steinberger).   

and NOT 



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. 
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Genesis of Neutrino Oscillations  
In the Standard Model, flavor lepton numbers are conserved and neutrinos are massless.   

Already in 1957, based on the deep 
analogy to the phenomenon of 
neutral kaon oscillations, Pontecorvo 
suggested the possibility of neutrino-
antineutrino oscillations.  

In 1962, after the discovery of a 
muon neutrino, Maki, Nakagawa and 
Sakata discussed the possibility that 
electron and muon neutrinos were a 
mixture of two neutrino mass states.  

However, the first phenomenological model for electron and muon neutrino flavor mixing 
and oscillations was worked out by Pontecorvo in 1968 and later improved by Gribov and 
Pontecorvo in 1969, suggesting oscillations as a possible solution to the solar neutrino 
problem.  
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Detection of Solar Neutrinos and 
Oscillations  

Now the whole world knows this phenomenon as the radiochemical 
chlorine-argon method to detect neutrinos from the Sun.  
 

According to the existing model the energy at the Sun is produced from chains of 
thermonuclear reactions, where also electron neutrinos are produced.  

Already in 1946 Pontecorvo realized 
that this neutrino flux will be the probe 
for verification of energy production 
mechanism.  
 
He suggested a method to detect 
neutrinos by the extraction of an argon 
isotope that was produced at the inverse 
beta decay reaction:  
 
(neutrino + 37Cl → 37Ar + electron) 
  



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.  
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Detection of Solar Neutrinos and 
Oscillations  

The first solar neutrino detector based on Pontecorvo radiochemical method was 
constructed in the 1960s by R.Davis (Nobel Prize 2002) and operated for ~25 years.  

Deficit of solar neutrinos had already a very plausible explanation by oscillations, however, 
it was not clear whether the SSM is precise, especially, because Homestake had a high 
detection threshold and measured small fraction of the neutrino flux from the Sun.    
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Detection of Solar Neutrinos and 
Oscillations  

Another radiochemical method was used by GALLEX/GNO 
experiments at Gran Sasso and SAGE at Baksan Laboratory  

Also the water Cherenkov detectors 
Kamiokande and SK have measured 
the neutrino flux from the Sun 
 
All of the above experiments were 
detecting the deficit of solar 
neutrinos 
 
It came out that for explaining this 
deficit by oscillations also the, so-
called, matter effect proposed by 
Mikheev, Smirnov and Wolfenstein 
(MSW) was essent ia l to be 
accounted for.  

GALLEX/GNO/SAGE 
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SNO Results  

The first results were published in 2001 and 
the final in 2013, unambiguously showing 
that the total (electron+muon+tau) neutrino 
flux is in a good agreement with prediction, 
whereas the electron neutrino flux represent 
only ~1/3 of the total. That became a clear 
prove of explaining the solar neutrino 
problem by neutrino flavor oscillations.  
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The compelling evidence in favor of neutrino 
oscillations was presented in 1998 by Super 
Kamiokande (50’000t water Cherenkov) detector.  

SK oscillation results were later confirmed by the data of MACRO, Soudan, long- baseline 
experiments K2K, MINOS, T2K, NOvA, large neutrino telescopes ANTARES, IceCube. 
Appearance of tau-neutrinos was established on an event-by event basis by OPERA.  
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for the discovery of 
neutrino oscillations, 
w h i c h s h o w s t h a t 
neutrinos  have  mass  



20 

35 

2004. A.B.McDonald 
receiving B.Pontecorvo 
prize at Dubna.  

2007. T.Kajita lecturing at 
B.Pontecorvo Neutrino 
Physics School organized 
by JINR.  Takaaki Kajita (ICRR, U.of Tokyo) 

!  Production of atmospheric neutrinos 
!  Some early history (Discovery of atmospheric 

neutrinos, Atmospheric neutrino anomaly) 
!  Discovery of neutrino oscillations 
!  Studies of atmospheric neutrino oscillations 
!  Sub-dominant oscillations –present and future- 

III International Pontecorvo Neutrino Physics School 
Alushta, Ukraine, Sep. 2007 



Undoubtedly, neutrino oscillations is  the most 
outstanding idea of B.Pontecorvo.  

 

He devoted many years to its development. It took 
significant efforts for the tiny neutrino masses to 

become reality.  
 

The discovery of neutrino oscillations is the triumph of 
Bruno Pontecorvo’s idea.  

 Now his name is eternized in the title of the neutrino mixing matrix –  
the Pontecorvo-Maki-Nakagawa-Sakata matrix. 
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The oscillation phenomena became an essential instrument for investigating 
neutrino. Precise measurements of oscillation parameters are required to answer 
the questions about unitarity of PMNS matrix, sterile neutrinos and the difference 
in quark and lepton mixings.  
 
With the recent discovery of a non-zero θ13 mixing angle, the possibility to 
measure neutrino mass ordering and neutrino CP violation was opened. The latter 
is very important for understanding the baryonic asymmetry of the universe.  
 
Another outstanding questions are the absolute mass scale, contribution of 
neutrinos to the dark matter, possible Majorana nature and other new physics, 
which may explain the smallness of neutrino mass.  
 
Understanding the nature of neutrinos is of prime importance for elementary 
particle physics and also for astrophysics and cosmology.   
 
I think that Bruno Pontecorvo has understood an exceptional role of neutrinos long 
before this became clear to us.  



The Neutrino Physics at JINR 
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•  Precise measurement of oscillation parameters  

•  Measurement of mass ordering and CP violation  

•  Development of Neutrino detection technique  

•  Search for sterile neutrino states  

•  Search for neutrino-less double beta-decay  

•  Measurement of neutrino properties: mass, magnetic moment  

•  Neutrino astronomy  

•  Development of neutrino oscillations phenomenology  

•  Search for rare decays with LFV  

An emphasis in this research is on experiments at JINR basic facilities at Kalinin 
Nuclear Power Plant, Baikal neutrino telescope and international projects with JINR 
essential contribution.  
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Bruno Pontecorvo was leading for 20 years the Chair of Elementary Particle 
Physics at Physics Department of Moscow State University  
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In 1995 by the decision of the Scientific Council an International Prize was 
instituted at JINR in the memory of Bruno Pontecorvo.  

The prize is awarded annually to an individual scientist and recognizes "the 
most significant investigations in elementary particle physics”.  
 
Up to now, the Pontecorvo prize was awarded to 26 scientists from different 
countries and particle physics research areas.   

2002. Samoil Bilenky is receiving the  
Pontecorvo prize for his theoretical 
investigations of neutrino oscillations.   
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An EPS Historic Site was 
opened at Pontecorvo’s study 
at JINR on 22 February 2013 

The study of B.Pontecorvo at 
JINR is kept for visitors just as 
it was during his work there.  
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A monument to Bruno Pontecorvo and Venedict Dzhelepov was opened at Dubna  
on 20 September 2013 on the occasion of centennial anniversaries of these  

two scientists and colleagues working together at JINR.  

Bruno Pontecorvo has influenced significantly also the social life of the Dubna town. 
Dubna citizens remember this elegant man at concerts, exhibitions, playing tennis, 

underwater hunting and, especially, riding the bicycle.  



ü  There is a very rich scientific and cultural heritage of 
a great scientist and a man of the XXth century – Bruno 
Pontecorvo  

ü  The discovery of neutrino oscillations is the triumph 
of his idea  

ü  We are very proud that  the scientific program of our 
Institute has been influenced by his outstanding talent, 
genius intuition and human personality  

ü  In particular, the neutrino and astroparticle physics 
are among the flagship topics of the JINR program  

Conclusions  
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