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Abstract: Thispresented teclascience paper is focused on main themesaslution andhistory
of research oheutrinosc elusive elementary particles.
The highlights is dedicated the scheme oborn andreborn andcascade decay
hierarchic high energy particles, called hyper@ambda, sigma, xi, epsilon, omega) and
YIEAY LRaAGA2y LI NGAOEtSa OFtftSR YSi2ya o0YAz2y
YSazys 2YS3l+t ¥Nay G aesiipanedsnl, f, meson).
This Suror starshowers fall in energetic clusters and cloodsachcm?, of Eartl &
ddzNF I OS 6. reuftifoddodifliond rewtrifios Briféfeec. (10°cm?2.s)
for 2> 7 MeVA ~ 16 cm2.sY).
I N2aa asSoirzy 27 A EI02mANKGEE=10"%barg) ShaEnisd Y I £ f
anunit of cross section.
Inthe Ending part of starshowetke photons, phonons aneélectron,mion, and tauon
are detected imphotomultipliers and scintillators ke aCherenkov radiatiol
hyperrelativistic electrons, photons and mions and tauons, vig&al. 4 Neutrino
Detector SUDBURY(SNO) Canada.
Themain part ofpaper is focused on NEUTRINO FLAVOR AND MASS. According Pauli
andFermgDirac and BosgEinstein Sitistical Laws each particle is conjugated with its
own antiparticles: electron (pand positron (& > St S O N ahd gfeStdzii NA y 2 06 A
antineutrino * , quark beauty / bottom (b) and antiquark beauty / bottord 8
Inthe text is not forget the factsabout 1INOVEMBERI74¢ LI NI A Of S& Wk A w9 £}
a9{ hb{ Wk Abeadt§ guark adibeaity antiquark.
The Pioneer work of Clyde L. Cowdmand Frederick Reines in Hanford and Savannah
River Plant lead to fundamental discovery and detection of neasti®n Fig?z is
described CowarReines Neutrino Experiment
In the End ofthis text is situation oNeutrinos and Th&tandardviodel of particles
Thegoal ofthis work is clarified the evolution and theoretical background of elementary
particlesc neutrinos.

Keywords: Neutrinos, Scintillators, Photomultiplier, hyperons, mesons,&tarshowers, detection

of antineutrino, particles, antiparticles, neutrino flux, neutrino mass and flavor, Gross
section of neutrinos, Sudbury, Savannah River.
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1. Introduction

I met with Neutrino, already in 1993, when | was sixteen, | hohdyimands theA. C.CLARKE

t dzo £ A OF G A 2 yoYA adidk /S0 {92 yNHI $2ade dperad, teb 365UMdtrscR mugic composer
was multginstrumentalist Mike Oldfield. Ithis book was registered athe first in my life word
neutrino and neutrino oscillation, deficit of Solar Neutrinos.

The firstmy scientifically experience wascantact with AssociateProfessor

doc.RNDrPetrBurcev,CSc. (*1932) from Theoretical Physics and Astrophysics Department

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

Prof.RNDrMichalLenc,PhD., AssociateProfessor docRNDrJan Cé = / { O ®&Professér 2 OA I G S
doc.RNDr. Miroslav PardZSc. anduperknown RNDWA nfN DNE I+ NE / { O®

Until these times Neutrino Physics and Astrophysics attracted me withweerfull force. On these
days was very popular Japanese Project Superkamiate andBruno Pontrecorvo Oscillation

of Neutrinos. More detail science picture thiese days till théroject SNO (Sudbury Neutrino
ObservatoryandF.Reines andC.L.Cowan, Jr. illustrated this paper.
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Fig. 1. Common Origin (Resemblance & T F SNBY (i b Sdzi NAy 2 a & | dzi K2 NY
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Tab. 1. Becies of Neutrinos
FERMION SYMBOL MASS
FAMILY OF ELECTRON
ELECTRON NEUTRINO ’ <25eV
ELECTRON ANTINEUTRI ’ <25eV
FAMILY OF MUON
MUON NEUTRINO ’ <170 keV
MUON ANTINEUTRINO ' < 170 keV
FAMILY OF TAUON
TAU NEUTRINO ' < 18 MeV
TAU ANTINEUTRINO ' < 18 MeV
-3-

ren b s fon Lor -3«-:],:

LYNAOK YwL~¢hCsX

imrik@atlas.cz

7.\..95/4-

QiW CEVOLUTION 41 AnienBer
1G4

consirk of Lea quare ane
be,\m}; anhiguarie
}mc‘ Urw, [oaﬁwm Jt)u:\v“(
i the upsilon  ppassa

() o 197+

7.2.2019,Brno



Tab. 2. Hyperons.
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Particle | Symbol| Make | Spin Mean lifetime/ s Commonly decays to
Up (Parity)
Lambda| ° uds | 1/2+ HZcn™®RP N §f/ “ &1 ¢
F

Sigma 1 uns 12+ |6yznmo pHa n “ £ ¢
Sigma 1° uds 1/2+ 6T Xn § °n3 Q
Sigma 16 dds 12+ |[omZnTd K 1N € ¢

Xi RO uss 1/2+ OHXZdn 5 n Q -

Xi RS dss 12+ |6mMZcod p 11 o “z
Omega| MS SSS 3/2+ OyZHm 5 Hn Q I €

“E

Qyde Lorrain Cowardr.

(*6.12.1919Detroit ¢ +24.5.1978Bethesda, Maryland, U.S)A.
Was anrAmerican physicist, discover of neutrino together with Frederick Reines, Nobel Prize Winner

in 1995.

Frederick Reines

(*16.3.1918Paterson, New Jersey, U.%.A26.8.1998range, California, U.S.A.)
NOBEL PRIZE FOR PHYSB5S-OR DETECTION OF NEUTRigEI®r withMartin Lewis Perl.

Martin Lewis Perl

(*24.6.1927Manhattan, New York, U.S.4+30.9.2014 Palo Alto, California, U.S.A.
AnAmerican physicist, Nobel Prize winner from 1995cfmmtribution tolepton physics, namely

for discovery leptorg tau.

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

3. Methods

in the target tanks contained small quantity ofa dissolved chemical, cadmium chloride.
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Fig. 4 Neutrino Detection (SNO) Sudbury Neutrino Observatory.
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4. The Neutrino
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Fig. 5. Production of Neutrinos in TgypS dzi NA Y2 9 ELISNAYSY i ® ! dzZi K2N¥Y LYN
According I. Asimov.
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o Neutrino transformed
‘j into p-meson
i 5 : Invisible neutrino
. — . collides with proton
e W SADE - ' '
- ¢ The 'Neutrinc Event’ . .
Nov. 13,1970 — World's first
observation.of a neutrino in a. ,, | SO EREeE
M-meson

r .. . hydrogen bubble chamber. . . . - .
P K Y .
CAId c® Gd¢KS bSdziNAy2 9@Sy ¢ afamedtddo inabybdrogertpT 1 d 2 2 NI
bubble chamber. On 11 November 1974 with RABHANGES IN HICEHINERGY PHYSICS

ATTHEE La9 |1 !'+9 .9/ ha9 /h[[9/¢Lx9[, Ybh2zb !I'{ ¢1 9 dab

¢ KS O0WKAU YS Bdbstomi NartitlE fadbyneukral neson consiting ofacharm quark

andaOK Il NXY FydAldz Nl £ 3Sy S NIK. tHas adsyraagsyof 30869 G&FK | NI 2 y
andaY Sty f AFS{A%.Intetradions sirend weak, electromagnetic force, gravity; mass

p = p H PAkE 8006916 GeVicelectic charge Oe, spin 1.

7.2.2019,Brno



LYNAOK YwL~¢hCX
imrik@atlas.cz

Richter and Ting were rewarded for their shared discovery witli## Nobel Prize in Physics2Di16
at University of Honolulu, Hawaii was detectedsion like ePSIONIEOWER.

5. F. Reines and C. L. CowhiiNeutrino Experiment
3 5® 6Qr

1%8Cd produces an excited state’8fCd which subsequently emitgamma ray. The Gamma pair
in coincidence plus another gamma withirr5a @

Fig. 7. Cowan and Reines Neutrino Experiment.

After a preliminary experiment dlanford,Reines andCowan moved thexperiment 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 tanlssth atotal of about200 liters of water witrabout40 kg
of CdCl dissolved in it. Thevater tanks were sandwiched between three scintillator layers which
contained110 Xinch photomultiplier tubes.

Fig. 8. Savannah River Atomic Plant Photo.
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