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Abstract: This presented techςscience paper is focused on main themes of evolution and history 

of research of neutrinos ς elusive elementary particles. 

The highlights is dedicated to the scheme of born and reborn and cascade decay 

hierarchic high energy particles, called hyperons (lambda, sigma, xi, epsilon, omega) and 

Ƴŀƛƴ Ǉƻǎƛǘƛƻƴ ǇŀǊǘƛŎƭŜǎ ŎŀƭƭŜŘ ƳŜȊƻƴǎ όƳƛƻƴΣ ǇƛƻƴΣ ƪŀƻƴΣ ǊƘƽ ƳŜǎƻƴΣ Şǘŀ ƳŜǎƻƴΣ ǇƘƝ 

ƳŜǎƻƴΣ ƻƳŜƎŀ ƳŜǎƻƴΣ Wκʌ όW-tǎƝ ƳŜǎƻƴύΣ Ƙ1 meson, a0-meson f1, f2 meson). 

This Sun or starshowers fall in energetic clusters and clouds on each cm-2, of EarthΩǎ 

ǎǳǊŦŀŎŜ ό˒ ŀǾŜǊŀƎŜ ŦƭǳȄ ƻŦ neutrinos 10 billions neutrinos on cm2/sec. (1010 cm-2.s-1) 

for E˄  > 7 MeV Ą~ 106 cm-2.s-1).  

/Ǌƻǎǎ ǎŜŎǘƛƻƴ ƻŦ ƴŜǳǘǊƛƴƻǎ ƛǎ ǾŜǊȅ ǎƳŀƭƭ ˋ˄b = 10-42 m2 ς 10-48 m2 = 10-19 barn, 1 barn is 

an unit of cross section. 

In the Ending part of starshowers the photons, phonons and electron, mion, and tauon 

are detected in photomultipliers and scintillators, like a Cherenkov radiation ς 

hyperrelativistic electrons, photons and mions and tauons, visually Fig. 4 Neutrino 

Detector SUDBURY(SNO) Canada. 

The main part of paper is focused on NEUTRINO FLAVOR AND MASS. According Pauli 

and FermiςDirac and BoseςEinstein Statistical Laws each particle is conjugated with its 

own antiparticles: electron (e-) and positron (e+ύΣ ŜƭŜŎǘǊƻƴ ƴŜǳǘǊƛƴƻ ό˄e) and electron 

antineutrino ’ , quark beauty / bottom (b) and antiquark beauty / bottom ὦȢ 

In the text is not forget the facts about 11 NOVEMBER 1974 ς ǇŀǊǘƛŎƭŜǎ Wκʌ w9±h[¦¢Lhb 

a9{hb{ Wκʌ Ŏƻƴǎƛǎǘ ƻŦ beauty quark and beauty antiquark. 

The Pioneer work of Clyde L. Cowan, Jr. and Frederick Reines in Hanford and Savannah 

River Plant lead to fundamental discovery and detection of neutrinos. On Fig. 7 is 

described CowanςReines Neutrino Experiment. 

In the End of this text is situation of Neutrinos and The Standard Model of particles. 

The goal of this work is clarified the evolution and theoretical background of elementary 

particles ς neutrinos. 

 

Keywords:  Neutrinos, Scintillators, Photomultiplier, hyperons, mesons, Sun ς starshowers, detection 

of antineutrino, particles, antiparticles, neutrino flux, neutrino mass and flavor, crossς

section of neutrinos, Sudbury, Savannah River. 
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1. Introduction 
I met with Neutrino, already in 1993, when I was sixteen, I hold in my hands the A. C. CLARKE 

tǳōƭƛŎŀǘƛƻƴΥ ά¢ƘŜ {ƻƴƎ ƻŦ 5ƛǎǘŀƴǘ 9ŀǊǘƘέ ŀ ǎǳǇŜǊƪƴƻǿƴ space opera, the soundtrack music composer 

was multiςinstrumentalist Mike Oldfield. In this book I was registered at the first in my life word 

neutrino and neutrino oscillation, deficit of Solar Neutrinos. 

The first my scientifically experience was a contact with AssociateςProfessor 

doc. RNDr. Petr Burcev, CSc. (*1932) from Theoretical Physics and Astrophysics Department 

of Masaryk University Brno, who integrated me with physics celebrities like 

Prof. RNDr. Michal Lenc, Ph.D., AssociateςProfessor doc. RNDr. Jan CelȇΣ /{ŎΦΣ !ǎǎƻŎƛŀǘŜςProfessor 

doc. RNDr. Miroslav Pardy, CSc. and superknown RNDr. WƛǌƝ DǊȅƎŀǊΣ /{ŎΦ 

Until these times Neutrino Physics and Astrophysics attracted me with a powerfull force. On these 

days was very popular Japanese Project Superkamiokande and Bruno Pontrecorvo Oscillation 

of Neutrinos. More detail science picture of these days till the Project SNO (Sudbury Neutrino 

Observatory) and F. Reines and C. L. Cowan, Jr. illustrated this paper. 
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2. Highlights Sketches 

 

Fig. 1. Common Origin (Resemblance) of 5ƛŦŦŜǊŜƴǘ bŜǳǘǊƛƴƻǎΦ !ǳǘƘƻǊΥ LƳǊƛŎƘ YwL~¢hCΣ aΦ{ŎΦ 

Particle J ς Wκʌ w9±h[¦¢Lhb мм bh±9a.9w мфтпΦ a9{hb{ Wκʌ Ŏƻƴǎƛǎǘ ƻŦ ōŜŀǳǘȅ ǉǳŀǊƪ ŀƴŘ ōŜŀǳǘȅ 

ŀƴǘƛǉǳŀǊƪ ŀƴŘ ǘƘŜ ōƻǘǘƻƳ ǉǳŀǊƪ ƛƴ ǘƘŜ ǳǇǎƛƭƻƴ ƳŜǎƻƴ όʇύ ƛƴ мфттΦ 

Tab. 1. Species of Neutrinos 

FERMION SYMBOL MASS 

FAMILY OF ELECTRON   

ELECTRON NEUTRINO ’ < 2,5 eV 

ELECTRON ANTINEUTRINO ’ < 2,5 eV 

FAMILY OF MUON   

MUON NEUTRINO ’ < 170 keV 

MUON ANTINEUTRINO            ’             < 170 keV 

FAMILY OF TAUON   

TAU NEUTRINO ’ < 18 MeV 

TAU ANTINEUTRINO ’ < 18 MeV 
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Tab. 2. Hyperons. 

Particle Symbol Make 
Up 

Spin 
(Parity) 

Mean lifetime / s Commonly decays to 

Lambda ɽ0 uds 1/2 + 
Je 

нΣсл Ҏ мл-10 ὴ “ έὶ ὲ “  

Sigma ʅ+ uns 1/2+ όуΣлмо ҕ лΣлнсύ Ҏ мл-11 ὴ “ έὶ ὲ “  
Sigma ʅ0 uds 1/2+ όтΣп ҕ лΣтύ Ҏ мл-20 Ώ   
Sigma ʅς dds 1/2+ όмΣптф ҕ лΣлммύ Ҏ мл-10 ὲ “  

Xi ʀ0 uss 1/2+ όнΣфл ҕ лΣлфύ Ҏ мл-10 Ώ “  
Xi ʀς dss 1/2+ όмΣсоф ҕ лΣлмрύ Ҏ мл-10 Ώ “ɀ 

Omega ʍς sss 3/2+ όуΣнм ҕ лΣммύ Ҏ мл-11 Ώ ‖ έὶ 
῾ “ έὶ 
῾ “  

 

Clyde Lorrain Cowan, Jr. 

(*6.12.1919 Detroit ς +24.5.1974 Bethesda, Maryland, U.S.A.) 

Was an American physicist, discover of neutrino together with Frederick Reines, Nobel Prize Winner 

in 1995. 

Frederick Reines 

(*16.3.1918 Paterson, New Jersey, U.S.A.ς +26.8.1998 Orange, California, U.S.A.) 

NOBEL PRIZE FOR PHYSICS 1995 FOR DETECTION OF NEUTRINOS together with Martin Lewis Perl. 

Martin Lewis Perl 

(*24.6.1927 Manhattan, New York, U.S.A. ς +30.9.2014 Palo Alto, California, U.S.A. 

An American physicist, Nobel Prize winner from 1995 for contribution to lepton physics, namely 

for discovery lepton ς tau. 

 

Fig. 2. C. L. Cowan, Jr. and Frederick Reines photo in Hanford. 

3. Methods 
Cowan and Reines made use of five tanks of ǿŀǘŜǊ сѻ ŦŜŜǘ ƭƻƴƎ ōȅ пѹ ŦŜŜǘ ǿƛŘŜΣ ōǳǘ ǾŀǊȅƛƴƎ 

in thickness (see Fig. 2.). Two of the ǘŀƴƪǎ ǿŜǊŜ ǘƘƛƴ άǘŀǊƎŜǘ ǘŀƴƪǎέ ƻƴƭȅ ǘƘǊŜŜ ƛƴŎƘŜǎ ƘƛƎƘΦ ¢ƘŜȅ ǿŜǊŜ 

arranged in a άǘǿƻςŘŜŎƪŜǊ ǎŀƴŘǿƛŎƘέΥ ŘŜǘŜŎǘƻǊ / target / detector / target / detector. The water 

in the target tanks contained a small quantity of a dissolved chemical, cadmium chloride. 
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CƛƎΦ оΦ 5ŜǘŜŎǘƛƻƴ ƻŦ !ƴǘƛƴŜǳǘǊƛƴƻΦ !ǳǘƘƻǊ ƻŦ ǘƘŜ {ƪŜǘŎƘŜǎΥ LƳǊƛŎƘ YwL~¢hCΣ aΦ{ŎΦ !ŎŎƻǊŘƛƴƎ LΦ !ǎƛƳƻǾΦ 

 

Fig. 4. Neutrino Detection (SNO) Sudbury Neutrino Observatory. 
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4. The Neutrino 

 

Fig. 5. Production of Neutrinos in TwoςƴŜǳǘǊƛƴƻ 9ȄǇŜǊƛƳŜƴǘΦ !ǳǘƘƻǊΥ LƳǊƛŎƘ YwL~¢hCΣ aΦ{ŎΦ 

According I. Asimov. 

 

CƛƎΦ сΦ ά¢ƘŜ bŜǳǘǊƛƴƻ 9ǾŜƴǘέΣ bƻǾ моΣ мфтлΦ ²ƻǊƭŘΩǎ ŦƛǊǎǘ ƻōǎŜǊǾŀǘƛƻƴ of a neutrino in a hydrogen 

bubble chamber. On 11 November 1974 with RAPID CHANGES IN HIGHςENERGY PHYSICS 

AT THE ¢La9 I!±9 .9/ha9 /h[[9/¢L±9[¸ Ybh²b !{ ¢I9 άbh±9a.9w w9±h[¦¢LhbέΦ 

¢ƘŜ όWκʌύ ƳŜǎƻƴ ƻǊ Ǉǎƛƻƴ ƛǎ ŀ subatomic particle a flavor neutral meson consisting of a charm quark 

and a ŎƘŀǊƳ ŀƴǘƛǉǳŀǊƪΣ ƎŜƴŜǊŀƭƭȅ ƪƴƻǿƴ ŀǎ άŎƘŀǊƳƻƴƛǳƳέὧὧӶ. Has a rest mass of 3,0969 GeV/c2 

and a ƳŜŀƴ ƭƛŦŜǘƛƳŜ ƻŦ тΣнҎмл-21 s. Interactions strong, weak, electromagnetic force, gravity; mass 

рΣрнлуҎмл-27 kg; 3,096916 GeV/c2, electric charge 0e, spin 1. 
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Richter and Ting were rewarded for their shared discovery with the 1976 Nobel Prize in Physics. In 2016 

at University of Honolulu, Hawaii was detected a psion like a PSIONIC POWER. 

5. F. Reines and C. L. Cowan, Jr. Neutrino Experiment 
ὲ ὅὨO ὅὨ  

108Cd produces an excited state of 109Cd which subsequently emits a gamma ray. The Gamma pair 

in coincidence plus another gamma within 5 ˃ ǎΦ 

 

Fig. 7. Cowan and Reines Neutrino Experiment. 

After a preliminary experiment at Hanford, Reines and Cowan moved the experiment to 

the Savannah River Plant near Augusta, Georgia where they had better shielding against cosmic rays. 

This shielded location was 11 m from the reactor and 12 m underground.  

In the 1956 experiment they used two tanks with a total of about 200 liters of water with about 40 kg 

of CdCl2 dissolved in it. The water tanks were sandwiched between three scintillator layers which 

contained 110 5ςinch photomultiplier tubes. 

 

Fig. 8. Savannah River Atomic Plant Photo. 








