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WHO$IS$Bruno$Pontecorvo?$

20/11/2015$$from$ТАССBagency$about$the$Nobel$prize$and$Bruno$Pontecorvo$idea$of$the$
$neutrino$oscillaPon$



$
$
$
$
Bruno$was$born$in$1913$in$a$family$of$Italian$texPle$magnate,$
$however,$youth$sympathized$with$leUist$ideas.$
$The$course$of$physics$at$the$University$of$Rome$he$read$how$$
created$the$world's$first$nuclear$reactor$Enrico$Fermi.$$
$
In$1936$Pontecorvo$got$a$grant$from$the$Ministry$of$EducaPon$sent$to$
$Italy$for$training$in$Paris$in$the$hadron$laboratory$of$Joliot$Curie.$
Next$door$in$Spain:$at$this$Pme$of$the$civil$war$erupted$and$set$$
Franco's$fascist$dictatorship.$$
And$in$1938,$Mussolini's$government$adopted$laws$restricPng$the$rights$of$Jews$and$
Pontecorvo$(and$by$this$Pme$he$got$family)$road$to$Italy$was$closed$.$
In$1950$Pontecorvo$and$his$family$fled$to$the$Soviet$Union$passing$by$Italy,$Sweden$
and$Helsinski$respecPvely.$Consequently$he$worked$at$the$InternaPonal$Nuclear$
Center,$which$soon$grew$up$in$Dubna.$It$was$there$that$he$created$the$first$classic$
work$on$neutrinos.$$
$



He$is$an$academician,$director$of$the$Department$of$Physics$of$$
elementary$parPcles$of$MSU.$Since$he$arrived$in$Dubna,$physicists$and$poets$
became$Pontecorvo$a$very$popular$man.$And$not$only$through$science:$the$Italian$
scienPst$was$one$of$the$first$popularizers$tennis$and$spearfishing$in$the$USSR.$But$
Pontecorvo's$scienPfic$ambiPons$were$not$fully$saPsfied.$His$theorePcal$
discoveries$in$neutrino$require$experimental$evidence.$$
Pontecorvo$with$his$knowledge$and$skill$could$be$the$first$to$detect$neutrinos.$
But$to$solve$this$problem$in$the$USSR$was$impossible$because$of$
lack$of$appropriate$Accelerator,$as$was$pointed$out$by$the$
Academician$Semen$Gerstein,$Or$to$spend$experiment$abroad$in$cooperaPon$with$
research$centers$in$the$US$and$Europe.$About$it$then$it$was$impossible$even$to$
think.$The$saddest$thing$is$that$some$of$Pontecorvo$discovery$of$reactor$neutrinos$
appeared$closed$to$him.$Eventually$Bruno$outlook$began$to$change.$ParPcularly$
strong$influence$on$him$were$the$events$in$Czechoslovakia$in$1968.$
Finally$Pontecorvo$died$in$1993.$$



Neutrinos$ALREADY$GIVEN$FOR$4$NOBEL!$
Works$of$Pontecorvo$did$not$get$due$recogniPon$abroad.$Although$in$the$study$of$
neutrinos$(that$Bruno$was$a$pioneer$here)$Nobel$Prizes$
awarded$4$Pmes.$
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Premio$Nobel$1988:$

Leon$M.$Lederman$$$$$$$$$$$$$$$$$$$$Mel$Schwartz$$$$$$$$$$$$$$$$$$$$$Jack$Steinberger$



MarPn$L.$Perl$
Premio$Nobel$1995$

1995$for$the$detecPon$of$reactor$neutrinos$
awarded$the$American$Frederick$
Raines$and$Perl$

$Masatoshi$Koshiba$$$$$$$$$$$$$$Raymond$Davis$

2002$for$the$creaPon$of$neutrino$astronomy$"$



In$2015$for$the$discovery$of$neutrino$oscillaPons$Prize$was$
awarded$to$Japanese$Takaaki$

Kajita$and$Canadian$Arthur$McDonald.$





Neutrino$oscillaPon$
some$QM$
! $Dualism$wave$B$parPcle$
a$parPcle$with$definite$momentum$is$described$by$a$plane$wave$of$complex$amplitude$
$
$
$
$$$where$$r$$≡ (x,$y,$z),$E$≡$parPcle$energy,$t$≡$Pme,$h$≡ Plank$constant.$|$ψ |2$represents$
$$$$the$probability$density$that$the$parPcleis$in$r$at$Pme$t.$
! States$superposiPon$
$$$Hyp.$:$the$neutrinos(νe,$νµ )$do$not$have$a$mass$defined$but$are$described$by$combinaPons$
linear,$orthogonal$of$two$states$of$neutrino$(ν1$,$ν2$)$with$definite$mass$(m1,$m2$)$(�mass$eigenstates�):$
$
$
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Example:$Pme$evoluPon$of$a$neutrino$νµ$$produced$with$momentum$p(
at$Pme$t$=$0$

where$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$($k$=$1,$2$)$.$$Because$$$m1$≠$$m2$$,$E1$≠$$E2$"$the$mix$of$states$
ν1$,$ν2$changes$as$a$$neutrino$νe$$appears$at$t$>$0.$$



Probability to reveal νe at time  t  if ν(0) = νµ : 

Δm2 ≡ m2
2 – m1
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Unit : Δm2 [eV2]; L [km]; E [GeV] (or L [m]; E [MeV]) 

L = ct distance between the neutrino source and detector 

NOTE : Pµe it depends on Δm2  (not by m !).   

Length of oscillation λ: 
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Phys.$Rev$$72$$(1947)$246$$

ArPcle$by$Bruno$Pontecorvo$that$discusses$the$physical$
experiment$of$Conversi,$Pancini$and$Piccioni.$

Pontecorvo$think$that$the$nuclear$
$capture$of$the$meson$and$the$
$capture$of$an$electron$by$an$
$atomic$nucleus$are$due$to$the$same$
$interacPon$although$the$huge$
$difference$between$the$
$probabiliPes$of$the$two$reacPons$



In$the$same$arPcle$:$

….$
Yukawa$suggested$that$the$
$meson$has$an$integer$spin$$
decays$into$an$electron$and$
$a$neutrino$

The$arPcle$suggests$that$the$Pontecorvo$"meson"$of$cosmic$rays$
It$behaves$as$an$electron$208$Pmes$heavier$than$that$interacts$
with$nucleons$as$described$by$the$theory$of$Fermi$

Experiments$conducted$in$the$1950s$show$that$this$parPcle,$
today$called$"muon�,$decays$into$three$parPcles:$an$electron$and$two$
Neutrinos,$according$to$the$scheme::$
$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$$µ±$$→$e±$+$ν$+$ν&

$$



The$first$experimental$proposal$to$verify$if$there$exist$two$disPnct$types$
neutrinos$(νe$$,$νµ)$



Conclusion$ArPcle$Pontecorvo:$the$proton$accelerators$
in$operaPon$in$1959$does$not$have$sufficient$intensity$to$allow$
the$experiment:!

Experiments$conceptually$very$similar$to$the$experiment$proposed$by$Pontecorvo$
in$1959$it$was$performed$in$the$1990s$at$the$NaPonal$Laboratory$
Los$Alamos$(New$Mexico,$USA)$and$at$the$Laboratory$Rutherford$B$Appleton$
Britain,$using$new$high$intensity$proton$accelerators,$with$different$physical$reasons,$$
more$than$30$years$aUer$the$discovery$of$the$second$neutrino.!

In$the$historical$review$"The$infancy$and$youth$of$Neutrino$Physics:$Some$RecollecPons"$
presented$at$the$InternaPonal$Symposium$on$ParPcle$Physics$(Paris,$July$1982),$
Pontecorvo$wrote:$



A$few$months$aUer$the$publicaPon$(in$Russian)$of$Pontecorvo,$$
"The$Physical$Review$Lezers,"$published$an$arPcle$of$Mel$Schwartz:$

The$main$physics$moPvaPon$for$this$proposal$is$the$study$of$the$interacPons$
of$high$energy$neutrinos$with$mazer,$in$order$to$elucidate$the$behavior$
of$weak$interacPons$at$high$energy.$
The$problem$of$the$two$neutrinos(νµ$$≠$νe$?$)$It$is$never$menPoned$in$the$arPcle.$

At$the$end$of$the$arPcle$by$Mel$Schwartz$
$we$read$:$


