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Abstract:

This publication says about new phenomena of MoBéysics — Neutrinics — particles called neutrinos.
In introduction author says about his personal Bgpee with this elusive and mysterious, subatomic
particles, where he for the first time registerbdw this “phantom” of physics. He summarizes
publications of authors or scientists, which inflaed him to his interests in particle and nucldssjcs.
Author describes briefly principles of detectionngfutrinos in underwater neutrino detectors, like
AMANDA / ICE CUBE, ANTARES, Baikal, NESTOR, DUMANNnd NEMO. Author of this article
fills this text by his own pictures or figures cgutrino detection, transmission and oscillation.|&jes the
question like for example: “is neutrino unstableaomic particle?” It's very difficult to integrate the
Standard Model. Author further put on descriptibmeutrino transmission under leading physicist
Daniel Stancil and the scientific group of phydeisom State University of Northern Carolina, whia
Fermilab successfully realized teleporting of otgfonessage — word “neutrino” with help of particles
neutrinos on the distance 1 kilometer. Next meniasbout neutrino cross efficient section, mixing
angles and mixing matrix (nut) of neutrinos. Neutrcross section according author of this text

fluctuates betweer,, =10*m’ to &, 010°°m*. Oscillations are here described with help
of Pontecorvo, Maki, Nakagawi and Sakata matrix)(riextraordinary attention is devoted to Exciton

theory. In the end could be said, that physicistssare, that communication by intermediary neogiis
principly possible.
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1. Introduction

For the first time | registered the concept of naotin science-fiction literature - space opera

by Arthur C. Clarke's “The Songs of Distant Earth993), when | was sixteen and | had not yet got
presentiment about depth of continuity with modaistiplines of physics, by this occasion | introduc
at least someone, for example superknown experiofdRaymond Davis, Jr. and John Bahcall situated
in golden mine in Homestake (South Dakota) U.S e $econd remembrance for my experience with
neutrino was study seminary (mathematical-physicaBecondary School Eko-gymnazium, Street
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Labskéa 27, Brno, when | read the popular-scienoeng Vesmir, where was an article from
Prof. Ing. Jii Niederle, DrSc. with name: “Nobel Prize for Plogsl995: “For Detection of Neutrino and
Lepton Tau.”™

From 1995 till 1998 | visited many presentationd &ttures in Brno's Observatory on Cow Mountain 2,
where was director excellent Associate-ProfessoZBerek Pokorny, CSc., he led me to study
Astronomy.

In 1998 | began to collaborate in problems of niaatwith physicists from Department of Theoretical
Physics and Astrophysics at Faculty of Science, Bthb, Kotlaska Street 2. Associate-Professor
Dr. Petr Burcev, CSc. dedicated me the publicdtitiementary Particles” from

Dr. Antonin Vartura, CSc., Academia Praha 1970, 128 p.

From 1998 to 2004 | regularly visited Brno's Obsgovy on Cow Mountain 2, lectures XEDBJEVU
(THE HARVEST OF DISCOVERIES) by Dr.idiGrygar, CSc. and Atomic Physicist
Dr. Vladimir Wagner, CSc. From Czech Academy ok8ce.

In 1998, | also read very successful book from Aozer-Poland Scientist-Astronomer-Astrobiologist
Prot. Carl Sagan: “Cosmos”, and | read publicatrom Prof. Dr. Vanysek, DrSc. : BASICS OF
ASTRONOMY AND ASTROPHYSICS.

From my gained information from recently time i$at example Facts and mysteries in elementary
particle physics, Veltman Martinus, Academia Prab@7, 288 p.

And the last book, which | read is from Frank CIe®EUTRINO”, 2012, 181 p.

2. Selected Underwater Neutrino Projects and Princi  ple of Detection
of Neutrinos

Detection of high energy neutrinos under watergdubke water in sea or lake.
Principle:

1. Interaction of neutrino with nucleus of hydrogeroaygen.

2. Production of muons and electrons.

3. Generation of Cherenkov light during the flightsam particles.

4. Detection of Cherenkov light by photomultipliers

Water Detection Neutrino Projects:

2.1 ANTARES

(Mediterranean Sea, Europe) - 25 km on the souMawseille (France) — the biggest submarine detecto
of high energy neutrinos. Detector is situatedrenarea 0.1 kfiin the depth of 2.5 km below surface of
the sea. Probably 1 000 photomultipliers have widibe authentic messengers from remote Universe.

2.2 AMANDA / ICE CUBE
AMANDA (ANTARCTIC MUON AND NEUTRINO DETECTOR ARRAY)

The Ice Cube telescope uses the crystal-clearfiteedSouth Pole to look for the signatures of high
energy cosmic neutrinos, elusive particles producedblent cosmic events, such as colliding gagaxi
distant black holes, quasars, and other phenomsnarmg at very margins of the Universe. With its
detector volume of one cubic kilometer, Ice Cubk a@viarf existing neutrino detectors and become the
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largest particle detector ever built. It will be @@ es larger than its predecessor telescope AMANDA
around which it is being built. AMANDA in turn idready 30 times bigger than the famous Super-
Kamiokande neutrino detector located in Japanese.r@iince 1997, AMANDA has detected more than
4 000 neutrinos. Lake Vostok, the giant lake trappeder thousands of meters of Antarctic ice. gyin
kilometers beneath the Russian Antarctic fieldatatwith a surface area of around 14 000 square
kilometers, Lake Vostok is the largest and deepaisgylacial lake ever discovered.

Scientists hope to discover unique life forms i@ water that could hint at what kind of life may be
lurking in ice-covered bodies of water elsewheréhie Solar System, such as those on Jupiter'teGali
moons Europa, Ganymed and Callisto.

Source: Ice Cube: “Big stain in the middle is ousdvi, which shades cosmic rays from Universe ...”

Evidence for High-Energy Extraterrestrial Neutriraeghe Ice Cube Detector in Antarctica is sigifit
As protons and nuclei are accelerated, they intevdl gas and background light near the source to
produce subatomic particles such as charged prmh&aons, which then decay to muons, emitting
neutrinos.

Finally of an all sky search for these neutrinosrargies above 30 TeV in the cubic kilometer Acttar
Ice Cube observatory between May 2010 and May 2012.

2.3 BAIKAL EXPERIMENT

Main results obtained with neutrino telescope NU BBDUNT) — “in the Baikal deep underwater
neutrino telescope” is situated deepest in thedvockyptodepression 1625 m depth of the lake.

The Baikal neutrino telescope NT 200 has been ¢tpdlata since April 1998. The Baikal survey for high
energy neutrinos searches for bright cascades peddat the neutrino interaction vertex in a large
volume around the neutrino telescope.

The upper limit obtained for a difl‘us(oze +tv,+ V,) flux with E™ shape is
E*® =81x10" cm™s 'sr 'GeV .

The limits on fast magnetic monopoles and@ﬁux at the resonant energy 6.3 XX1BeV are presently
the most stringent.

To extend the search for diffuse extraterrestraltnnos with higher sensitivity, NT 200 was
significantly upgraded to NT 200+, a detector vatiout 5Mton enclosed volume, which takes data since
April 2005. The three-year sensitivity of NT 20®tthe all-flavor neutrino flux is approximately

2x107" ecm™@s s 'GeV for E>10°TeV .

In parallel with exploiting NT 200+ was startedeasch and development activities towards a Gigaton
volume detector in Lake Baikal.

2.4 DUMAND

(Deep Underwater Muon and Detector Project) existat 1976 through 1995. The goal was the
construction of the first deep ocean high-energytnngo detector, to be placed at 4 800 m deptheén t
Pacific Ocean off Keahole Point on the Big IslafidiHawaii. There was measured the cosmic ray muon
flux in the deep ocean.
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2.5 NEMO

NEMO (THE NEUTRINO ETTORE MAJORANA OBSERVATORY)

NEMO 3/ SUPERNEMO — INTERNATIONAL COLLABORATION)

NEMO (NEUTRINO MEDITERRANEAN OBSERVATORY)

NEMO PROJECT (UNDERWATER CHERENKOV NEUTRINO DETECR)

After nearly 8 years of running at the Fréjus Ugdeund Laboratory (LSM) and about effective years
of data collection, the NEMO3 experiment was stappe Tuesday January,122011. LSM in Modane
(Savoie, France) is a very low radiation backsidettctor.

2.6 NESTOR
(NEUTRINO EXTENDED SUBMARINE TELESCOPE WITH OCEANCRAPHIC RESEARCH)

The Greek National NESTOR INSTITUTE FOR DEEP SEASEARCH, TECHNOLOGY AND
NEUTRINO ASTROPARTICLE PHYSICS has been operatioigdeveral years and has its headquarters
at Pylos in Navarino Bay: 300 km South of AthensaMy is the Hellenic trench, the deepest point in
Mediterranean Sea.

At these depths the goal is to deploy 4 km highetevof optical modules. To support these towers
of optical modules and provide a staging posttieréxperiment, NESTOR is developing the Delta
Berenike ballasted floating platform being madetfie NESTOR - underwater detector, the 60 m
triangular platform (hence Delta) with an arraypbbtodetectors. In the deepest point in Meditemane
Sea (Depth 5 200 m).

Berenike was the wife of Ptolemy Ill. and Coma Bkes is a galaxy in the Bootes Constellation.

2.7 Explanation of Cherenkov Light on example LSND, (U.S.A)
LSND (Liquid Scintillator Neutrino Detector, U.S.A.
-4- 13.4.2016, Brno



Imrich Kristof, Mgr.
imrik@atlas.cz
LSND Detector, located probably 30 m from sourceeidtrinos was built by cylinder filled
with 167 tones of mineral oil and small quantityoo§anic scintillator — oil has higher refractiomex
than the water, therefore in oil is lower energe#ihold for genesis of Cherenkov light. Walls dirwyer
had covered photomultipliers, which detect parthe@nkov light of electron and muon.

Source: University of Alabama, U.S.A.

Cherenkov light (radiation)

In surroundings with relative refraction index i ®lectron could may, but other charged particléawit
velocity Bc, moving faster than is expanding of electro-mégmadiation in these surroundings.

Mach light cone of radiation behind fast moving el particles is named Cherenkov radiation.

Was named according Russian physicist PAVEL CHERBNKwho like the first described this
superrelativistic effect.

Theoretical explanation of this phenomenon desdribed 937 Soviet scientists ILJA FRANK and IGOR
TAMM. Whole trinity gained Nobel Prize for Physitsthe year 1958.

3. Review of neutrino's masses during the oscillati ons, Is neutrino unstable?

Because neutrinos and antineutrinos are neutraities, is possibly, that have gone about idertical
particles.

Each particle individual partner has supersymmatpartner - Majorana's neutrinos, according to the
Italian scientist ETTORE MAJORANA.

Neutrino Masses During the Oscillations

Review of Neutrinos Symbol Mass
Fermion

Electron Family
Electron neutrino % < 2.5eV

Electron antineutrino v <25eV

1 eV (electronvolt) is approximately 1.8 x 0y is approx. 1.602 176 565 x 110 is approx. 593km’s

From Russian and German measurements of speftiiuttium, is evident, that neutrino had has masses
approximately about 2.3 eV.

Muon Family
(Family of heavy electron)

Muon neutrino v, <170 keV
Muon antineutrino v, <170 keV
Tauon Family
(Family of superheavy electron)
Tauon neutrino v, < 18 MeV
Tauon antineutrino v, <18 MeV

T

According Eidelman (2003): "is number of typesight neutrinos (about masses <1 MeV) =
2.984 + 0.008 .”
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Heavy and superheavy neutrinos (masses about >V) Ml sterile neutrinos are observed at
superaccelerators like LHC (Large Hadron CollidsrCERN and in the dark matter or dark energy in
Universe.

If the whole masses of all 3 types of neutrinosayetr 50 eV (to one neutrino), in the Universd \d
maybe so much matter, that the Universe have ledltapse or new oscillation from Big Bang to Big
Crunch.

This border could be suppressed with suppositiwat, ieutrino is unstable?

However this will be very difficulty to integrate the Standard Modeln the ending part of tunnel
of superaccelerator LHC (Large Hadron Collidsrlocated, so called “Beam Stoppevhich have
absorbed all particles except neutrinos.

On these cause is possibly to make muon neutriambgwith energieapproximately 19 GeV
(Gigaelectronvolt), which is very pure.

4. Neutrino Cross Efficient Section (Cross Section) , Mixing Angles, and
Mixing Matrix (Nut)

NEUTRINO CROSS SECTIOMURING INTERACTION WITH NUCLEON &, =10*m?WITH
AVERAGE DENSITY OF EARTH BODY)p is approx. 5 500 kg.th= Vo+hn - pt+e

According:www __ucjf.troja.mff.cuni/~zdrahal/...

d, =10 m’_depends on increasing energy of particle.

According:MikulaSek, Z. (1999): Introduction to Astrophysiédasaryk University Brno, 195 p.

Oscillation of Neutrinos

During the weak interaction neutrinos have arisencalled proper states (flavouvs)v,, v particles,
which we observed, they are combinations, so catlagses of proper states. Mixing is going according
matrix (nut) Puns, Which is named to the memory of discoverers Bit€aorvo, Maki, Nakagawi and
Sakata:

Ve Vl
u |~ (PPMNS ) A
Vr V3

For easily understanding we could have imaginer® £ neutrinos (2 Flavours)e, v, and 2 own states
V1, Vo, Which are together connected by unitary nut (xpaty.

Ve| ( cosfd sind) (v, —ud“
V, ~(-singd cos# v, - Vv,
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interferent maximum- strenghtness of wavepatrticle

nXZA;Xl =k (k= 012..)

interferent minimum— d = (2k +1)% . (k= 01,23..) , where d is difference or remainder

conditions of coherence> constant trajectory remainder= |x, - x,|

— constant phase's remaindep = 271)(2);)(1 =A¢ = 271%

Ao ~d
Application of coherence of neutrinascording author of this publication:

Is the NEUTRINO HOLOGRAM

Dopplereffect by braking and accelerating of netsi

SUPERSTRING (HETEROTIC) THEORY> HIGH HARMONIC STATES OF NEUTRINOS
BOSON'S STRINGS

High harmonic vibration esthetic shaped French istsules-Antoinne Lissajous

Application: measuring and study of frequency

Hi6H HAEnoOr rtaces OF wluTRiwsrs
’W@Uf{l\fﬁf’-wéf Fi3- 6.

B ST T

}"Lﬁ Yo Liayems ¢ revks
Daya Bay Collaboration (China) was measured mixingled:; (THETA 13) with energy spectrum:

0009

sin®(26,,) = 0090+
( 13) 0009
At the Neutrino 2014 Conference they showed a tesiihg 621 days of data:
sin?(26,,) = 0084+ 0005

Mixing Nut (Matrix) in essence rotation in plane (Planary Rotataiyout Angled Thétg is called
Mixing Angle 6 (Fig. 8)
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Fig. 8. Mixing Angled

5. Knocking on Open Doors of Neutrino Telecommunica  tion

Neutrino particles will be ideal medium for telepog information in surroundings, where couldn't
propagate electro-magnetic signal — for exampladetwater, in the core of Sun, in the core of thghe
or inside of the Earth body or other planet's boti$olar System, across whole Galaxies and so on.
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Considering to very weak interaction of neutrinahamatter, it could have disposition to this
communication very massive beams of neutrino gagtiand very massive detectors.

Teleporting of the messages by the neutrinos igtbee music of distant future.

In March 2012 was performed the first step to neattelecommunication. The scientific group

of physicists under leading of Daniel Stancil, fr@tate University of Northern Carolina were

in Fermilab and successfully realized teleportihgreefold message — word “neutrino” with help

of particles neutrinos on the distance 1 kilomdtem this way 240 metres led through the Dolomite

rocks surroundings. Velocity of transmission waly@nl bits per second and fault of transmissios wa
1%.

Physicists are sure by these opinions, that comeation by intermediary neutrinos is in principle
possible.
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6. Exciton Theory

6.1 Introduction to Exciton Theory

According to singleelectron stripe theory is inleaéricum or own semiconductor by temperature Tk= 0
valency stripe completely filled by electrons awtduction stripe is empty. Absorption of photon

with energy sufficiently to transfer of electromsdugh the forbidden stripe on levels in conducttipe
be hence to be pursued by genesis of vacant beafrmgrent - electron and hole. Dependence

on coefficient of absorption on energy of photolosg@ption edge) be in this simple model not present
softness structure.

Even of these conclusions many experiments confiyrother showed, that sometimes is possibly absorb
photon, without genesis of vacant electron and,hbie photoconduction. Like showed WANNIER (and
MOTT), in this case between negative electron angitive hole have stayed electrostatic connection,
this way bounded pair has created new, electricalytral quaziparticle — exciton — spreading

with defined kinetic energy by graduallized moteomd quaziimpulse.

In addition to has have inner motion too, resemhakedn of hydrogen.Transitions on reacting system
of energy levels of hydrogen type (which may haxeih forbidden stripe, too) then may have led to
genesis of hypersoftness structure of absorptige.ed

In common semiconductors with small effectively sessof electron and holes and greatly big
permittivity may have been radius of arbit of relative motion of electron around thdehequal up to
tens of latticed distances (for example in Ge @&pproximately 4 nm).

Insertion of permittivity is in these cases accbf@abecause electron is influenced by centralniiate
of lattice in zone, which orbit walks on.

6.2 Frenkel's Exciton (Exciton with Small Radius)

In historical context predecessed idea of Wanifignkel's exciton is better visible formal relatweith
problem of spin waves and magnons.

6.2.1 Frenkel's Exciton in Molecular Crystals

Because to us is going only about perception tylgit@atures of solution, we will reduce to simple
model: set of N identically atoms with one valeleiciron localized in lattice points Born-Karman's
elementary zone of any Bravais lattice. H8tis hamiltonian of isolated atom. His norm owndtions

marked¢ f (r) resp.‘f> and belonging to energies ( f= 0 belonging to elementary state, f = 1,2,f.. 0

excited states); ail energy levels (f = 0,1,...) saggpnon-degenerative. Spin's part of wave funatidin
not be accepted. In summary then is valid

Hop f(r)=efpf(r), resp.HO\f>=gf\f> (6.2.1.2)
(t11)=[g7.(r)pf(r)d°r = . . (6.2.1.h)
From atoms we created static (non-oscillating) Braattice with Hamiltonian
1
— 0 =
H —Zm:Hm(rm)+ Z;Vm, (6.2.2)
m#n
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where H%is H°for atom localized in lattice pointyand Vi, = V (Rmn, fm, ) iS interaction energy

between atoms in points,I T,,. Between neutral molecules is it at the first agpnation dipole-dipole
interaction

v =1 e—j(rm g~ A ER""Z(rn m“”)j. (6.2.3)
4, R,

n
The right wave function - exciton's wave is

W), 6.2.4)

1 i
W)= T e

where Kk is vector gained N values.

Excitons as the same as other group excitationsearee bosons. Is possibly defined exciton creatrah
annihilation operators tau, and pre-transformedikhanman.

6.3 Wannier's Exciton (Exciton with Large Radius)

We come out from orthonormal system of Bloch's fioms LIJk.n(r) (spin we have not respected).
With these functions have had hamiltonian in repméstion of engaged numbers form:

He =Y E(K)CinCyn - (6.3.1)
n,k
wherec;, (ck’n) is creation / annihilation operator of electrorstate¥, (r)

Substitute for valence stripe+V and for conductivity stripe-»L and mark‘t/lz> wave function
of elementary state with filled up valence stripel @mpty conductivity stripe. Then

w,) (6.3.2)

@\ — ~*
‘wk,k> = G Gy
is wave function of state with vacant electron ante.

In next phase of calculation add to hamiltonia.(b. electrostatic interaction V between electrand
own function of spreaded (multi electron) hamilemi

H=H,+V

Find like linear combination of functions (6.3.28.

qJ<1>> _ ; 3, \w&w _ (6.3.3)

Substitution to Schrédinger equation with hamileonH get system of algebraic's equations for
coefficientsa, .. For smallk, k' is according Wannier possibly transfer them toatigum formal

identically with Schrédinger equation for two qumaticles — electron and hole with mutual elediite
interaction.
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6.4 Significance of Excitons in Solid Materials

Fundaments of Theory of excitons were layed irtidsryears of 20 century by FRENKEL, MOTT,
PEIERLS and WANNIER. From this time was theory gsedeveloped, enriched about the row of new
features and particularly in last few decades wasnstted and many-sided, even though still not yet
exhausting experimental tested.

It turned out, that beside already traditionallienpretation of absorption's spectres could hacéans
played great role during explanation of luminesegpiiotoconductivity and photoemission.

6.5 Electron-phonon interaction

6.5.1 Interaction Hamiltonian

Into the most common express of electron-phonaraction belong without contest non-zero's electric
resistence, into the most surprised then transg@ne materials to supraconductivity state.

If the adiabatic approximation is a good sketcbntmust have to be possibly to managed a basiesxpr
of electron-phonon interaction using the defectwaltion. To this problem is however necessaryateeh
find interaction hamiltonian.

6.5.2 Frohlich Interaction Hamiltonian

3
H, :ZZZMk‘q’j[afq’j +aq,j]c,:+qck. (6.5.2.1)

k q j=1

In order to work we made onefold, we confine to gledin which existed pure longitudinal and
transversal elastic waves. Electrons in them, mametracted only with longitudinal acoustic wave,
because for transversal wavesjigg(g, TA) and alsoM, . ;is equal to zero. We forget it, polarization

index j and relevant sum in (6.5.2.1) let out anldl wwite:

Her = S M,Ja%, + 2, Jorc - (6.5.2.2)
k q

7. Conclusions

This proposed publication may have illustrated exyplanated in the last few decades frequently
discussed questions, mysterious, explanation awadlyfimost important applications of super highktec
research of genesis, transformation, oscillati@tection and many physical, technical and scientifi
applications.

For example, the fact, that neutrinos masses aream's (have oscillated) is for whole Modern R¢g/s
and namely for Cosmology very relevant, namelyfto@article physics and cosmological physics,
connected with Standard Model (elementary partidask matter, dark energy and inflation theory).

If the masses of all 3 or 4 types of neutrinosayetr 50 eV, in the Univere will be maybe so muclitara
that the Universe have led to collapse or new lasich from Big Bang to Big Crunch (OSCILLATION
AND INFLATION UNIVERSE THEORY).

Author of this article (text and figures) struggfes better theoretical and practical understanding
of oscillation and detection of neutrinos and posibf neutrinos in Standard Model.

Maybe the most significant application of neutroszillation will be used in wire-less
telecommunication in the future centuries, becaesdrino probably will be ideal medium for telepogt
of information.
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Physicists are sure by these opinions: “that comaation by intermediary neutrinos is in principle
possible”.

Fortunately the great water neutrino projects DkéMAND, ANTARES, BAIKAL AND NESTOR

HAVE NOT ONLY COSMOLOGICAL OR PHYSICAL SIGNIFICANCEBUT TOO
OCEANOGRAPHICAL, GEOLOGICAL, GEOPHYSICAL. Not smathportance will have neutrinos in
medical diagnostics and non invasive operatiorestidwadays PET (POSITRON EMISSION
TOMOGRAPHY).

Is possibly to say, that next three centuries leliconnected with understanding and applying this
magical particles to everyday technical or scienpfactice of future days (probably like NEUTRINSE
Is the most surely too, that Nobel Prize for neutniesearch and application will be awarded to many
scientists, many times in future.

In the final part of this article author has detikcemany space to theoretical explanation of boson-
fermion interaction of subatomic particles or qpariicles like exciton, phonon, electron, electron
neutrino with special matter, for example with seoniductor Germanium (physical appearance
“photoconductivity”). This medium (Ge) is used irMrino Project SAGE (SOVIET-AMERICAN
GALLIUM-GERMANIUM EXPERIMENT) in valley of Baksan @ucasus.
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