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(01)- Fame, glory, riches and acclaim... For those whose dream it is to be recognised in their
own lifetime, fundamental physics is not the best choice of career. Over two thousand years
ago, the Greek philosopher Democritus speculated that matter, instead of arising from
combinations of earth, air, fire and water, was built from tiny indivisible constituents called
atoms. These atoms would be small, fundamental and indestructible, and he hypothesised that
such atoms would be the basic ingredients of all the objects and all the matter that we see
around us.This was called the atomic hypothesis. In time, this did turn out to be true — but not
until sixty generations after Democritus had died at the end of his long and full life, and his
own atoms had been laid to rest within the warm sun-baked Mediterranean soil. More
recently, in 1783 the English clergyman-scientist John Michell was thinking about the
implications of Newton’s laws of forces and Newton’s theories of gravity, when they were
applied to the corpuscular theory of light. Michell conceived of bodies which could be
sufficiently dense and sufficiently massive that the escape velocity from their surface would
be even greater than the speed of light itself. In this case, Michell theorised, even light itself
would be unable to escape, and these objects would be highly massive but totally dark. He
named them ‘Dark stars’. Michell’s idea was clever, correct and revolutionary —and so far
ahead of his time that it would be entirely forgotten for two centuries. It was only in the
1970s, at a time when the first astrophysical Black Holes were being discovered, that his
work was remembered again. Atoms as matter’s building blocks, and black holes as compact
astrophysical objects — two ideas first conceived of centuries before they were widely
acknowledged to be true. To this we can, perhaps, add a further, even more revolutionary
idea. An idea first suggested by Theodor Kaluza in the early 1920s, an idea mused on by
Einstein himself, but still argued about today. This is the idea that there are extra, as yet
undiscovered, dimensions to space. Additional, hidden, directions beyond up and down,
across, X y and z. Directions we have never yet been able to perceive. But what would this
mean? Where would such dimensions exist - and what would they look like? And how
would we — ever — be able to detect them? This video has been kindly sponsored by Babbel.
Einstein spoke German, Curie spoke French, Dirac was English. Groundbreaking physics is
an international effort, and that was only in 1927. Today, our world is more multilingual and
global than ever - so being multilingual is hugely helpful. It's a simple, fun way to learn the
basics and more - Babbel starts you straight from the beginning with conversational tools it's
focused on helping you communicate, not solve grammar puzzles - its lessons having been
designed by real teachers with real life experience, not algorithms or Al It even has a podcast



section - | have personally found podcasts an amazing way to improve my Spanish, and
Babbel has lots of different fun ways to help you absorb the language in a natural, native way.
So click on the link to get up 65% off your subscription, and start learning one of 14
languages available. Thanks to Babbel for supporting educational content on YouTube. The
Fifth Dimension This story starts in 1916, in the midst of the largest and bloodiest war the
world had ever seen. While the meat grinder of the Somme ate up the youth of Europe, the
thoughts of Albert Einstein were on higher and more eternal matters. For the last ten years,
Einstein had been attempting to extend his Special Theory of Relativity, developed in 1905, to
include gravity. After many false starts, he finally succeeded, and formulated his General
Theory of Relativity. This turned gravity — the force we have all been familiar with since we
were babies — into geometry, the curved geometry of four spacetime dimensions. It was a
beautiful theory — but a hard one to understand. The mathematics was unfamiliar, the physics
seemed obscure and any possible experimental consequences seemed few and far away. One
of the physicists grappling with this new and remarkable theory of Einstein was Theodor
Kaluza. Kaluza had been born into a vanished society — Silesia, as a part of Prussia under the
German Imperial Kaiser. He grew up in the cultured university city of Konigsberg, where his
father was an academic, drinking long and deep from the intellectual values of traditions of
German-speaking Europe and its great universities. The places and society he grew up have
now utterly vanished or changed — Silesia has long since been part of Poland, while

(01)- Slava, slava, bohatstvi a uznani... Pro ty, jejichz snem je byt uznan za jejich zivota,
neni zakladni fyzika tou nejlepsi volbou kariéry. Pted vice nez dvéma tisici lety fecky filozof
Democritus spekuloval, ze hmota misto toho, aby vznikla kombinaci zemé¢, vzduchu, ohn¢ a
vody, byla postavena z malych nedélitelnych slozek zvanych atomy. Tyto atomy by byly
malé, zakladni a neznicitelné a on piedpokladal, ze takové atomy budou zédkladnimi slozkami
vSech objektl a veskeré hmoty, kterou kolem sebe vidime. Tomu se fikalo atomova hypotéza.
Casem se to ukazalo jako pravda — ale aZ po Sedesati generacich poté, co Democritus na konci
sveho dlouhého a plného zivota zemfel a jeho vlastni atomy byly uloZeny k odpocinku v
teplé, sluncem rozpalené sttedomoiské ptidé. Nedavno, v roce 1783, anglicky duchovni a
védec John Michell pfemyslel o disledcich Newtonovych zakont sil a Newtonovych teorii
gravitace, kdyZ byly aplikovany na korpuskularni teorii svétla. Michell si pfedstavoval télesa,
ktera by mohla byt dostatecné husta a dostatecné masivni, aby tnikova rychlost z jejich
povrchu byla dokonce vétsi nez rychlost samotného svétla. V tomto ptipadé, teoretizoval
Michell, by ani samotné svétlo nemohlo uniknout a tyto objekty by byly vysoce masivni, ale
zcela tmavé. Pojmenoval je ,,Temné hvézdy*. Michelliiv napad byl chytry, spravny a
revoluéni — a tak daleko pted svou dobou, ze by byl na dvé stoleti zcela zapomenut. Teprve v
70. letech 20. stoleti, v dob¢, kdy byly objeveny prvni astrofyzikalni ¢erné diry, se jeho dilo
znovu pfipomnélo. Atomy jako stavebni kameny hmoty a ¢erné diry jako kompaktni
astrofyzikalni objekty — dvé myslenky, které se poprvé objevily po staleti pfedtim, nez byly
Myslenka, kterou poprvé navrhl Theodor Kaluza na pocatku 20. let 20. stoleti, myslenka, o
niz ptremyslel sdm Einstein, ale dodnes se o ni vedou spory. To je mySlenka, Ze prostor ma
dalsi, dosud neobjevené, dimenze. Dalsi, skryté, sméry za nahoru a dold, napfic, x y a z.
Smeéry, které jsme jesté nikdy nebyli schopni vnimat. Ale co by to znamenalo? Kde by takoveé
dimenze existovaly — a jak by vypadaly? A jak bychom je — kdy — mohli odhalit? Toto video
bylo laskavé sponzorovéano spole¢nosti Babbel. Einstein mluvil némecky, Curie francouzsky,



Dirac byl Angli¢an. Prikopnicka fyzika je mezindrodnim usilim, a to teprve v roce 1927.
Dnes je nas svét vicejazycny a globalnéjsi nez kdy jindy — takze byt vicejazyény je nesmirné
uzitecné. Je to jednoduchy, zabavny zptisob, jak se naucit zaklady a jesté mnohem vic —
Babbel vas od zacatku rovnou zacne konverza¢nimi nastroji, zamétuje se na pomoc pii
komunikaci, ne na feSeni gramatickych hadanek — jeho lekce byly navrzeny skute¢nymi
uditeli se zkuSenostmi z realného Zivota, nikoli algoritmy nebo AIl. Ma dokonce sekci
podcastli — osobné jsem zjistil, Zze podcasty jsou uzasnym zptusobem, jak zlepsit svou
Spanélstinu, a Babbel ma spoustu riznych zabavnych zpisobi, jak vam pomoci vstiebat jazyk
pfirozenym, nativnim zptusobem. Kliknéte tedy na odkaz a ziskejte 65% slevu na predplatné a
zacnéte se ucit jeden ze 14 dostupnych jazykl. Dékujeme Babbel za podporu vzdélavaciho
obsahu na YouTube. Pat4 dimenze. Tento piibéh zacina v roce 1916, uprostied nejvetsi a
nejkrvavéjsi valky, jakou kdy svét vidél. Zatimco mlynek na maso Somme poziral evropskou
mladez, myslenky Alberta Einsteina se tykaly vyssich a vécnych zalezitosti. Poslednich deset
let se Einstein pokousel rozsifit svou Specidlni teorii relativity, vyvinutou v roce 1905, o
gravitaci. Po mnoha chybnych zacétcich se mu to nakonec podatilo a zformuloval svou
Obecnou teorii relativity. To zménilo gravitaci — silu, kterou vSichni zndme uz od détstvi — v
geometrii, zakfivenou geometrii ¢tyf prostorocasovych dimenzi. Byla to krasna teorie — ale
tézko pochopitelna. Myslim nakonec, ze pochopitelnéjsi bude geometrie 3+3 dimenzionalni...
Matematika byla neznama4, fyzika se zdala nejasna a jakékoli mozné experimentalni disledky
se zdaly byt velmi vzdalené. Jednim z fyzikd, ktefi se potykali s touto novou a pozoruhodnou
teorii Einsteina, byl Theodor Kaluza. Kaluza se narodil do zaniklé spole¢nosti — Slezska,
jako soucast Pruska za némeckého cisatského cisate. Vyrlstal v kultivovaném univerzitnim
mésté Konigsberg, kde byl jeho otec akademikem a dlouho a hluboce pil z intelektualnich
hodnot tradic némecky mluvici Evropy a jejich velkych univerzit. Mista a spole¢nost, na které
vyrostl, nyni zcela zmizela nebo se zménila — Slezsko je jiz davno soucasti Polska, zatimco

(02)- Konigsberg has become Kaliningrad, host port of the Baltic Fleet of the Russian Navy.
His ideas, however, remain. While thinking about Einstein’s equations, Kaluza asked himself
a striking question According to Einstein, geometry was dynamical and central to the physics
of gravity. So — what would happen if Einstein’s equations were instead written out for five
spacetime dimensions (four space dimensions, and one time dimension) instead of the
conventional three space dimensions and one time dimension? At first sight, this idea seems
silly — or at least, a topic suitable only for a mathematician with no interest in the real world.
In the world we live in, there are three directions (or dimensions) to space — not two and not
four, but three. So, while it may be an interesting academic exercise to think about
Einstein’s equations in four spatial dimensions, it — surely! - cannot be of any relevance to
the actual physical world that we live in. Surely not indeed — unless, Kaluza argued, the extra
dimension was so small as to render it unobservable. In this case, the spatial geometry would
consist of three large spatial dimensions and one small one. And so Kaluza wrote down
Einstein's equations of general relativity for such a space — and solved them. The result was
striking. The equations separated themselves, allowed themselves to be re-written in a
different way - and then they came back together with an entirely different structure — one
that can be read as a purely three-dimensional set of equations, describing Einstein’s general
relativity in three dimensions — plus the dynamics and interactions of an additional force that
behaved in a very similar way to the electromagnetic force we are familiar with — plus again
additional particles. Kaluza had found something stunning — gravity in four spatial



dimensions, in a limit of one invisibly tiny extra dimension, was equivalent to gravity in three
spatial dimensions plus an electromagnetic force. He published his result in the

Proceedings of the Prussian Academy of Sciences, with the paper sponsored by Albert
Einstein himself. This result was amazing. It was deep. It was striking — and almost no one
cared, not then and not for decades afterwards. Instead, this was a time of destruction. In the
depressing world of politics, the rich culture and science of 19th century Germany, which
had hosted and nurtured many brilliant Jewish scholars from Einstein downwards, was being
slowly destroyed and perverted by the ascent of the cancerous ideology of NS and with

its doctrines of racial purity and Aryan supremacy. In the more exalted and eternal world of
physics, destruction — creative and fruitful destruction — was also the order of the day. During
the 1920s and 30s, the new and radically mysterious world of quantum mechanics was being
discovered,The previous foundations of the subject were being dissolved, and in the whole
history of physics, there has been no better time to be young — with time on your hands, the
world at your feet and atoms in your brain. General relativity, meanwhile, may have been
deep and it may have been important. It was not, however, as exciting. Even in three spatial
dimensions, general relativity in the 1920s, 1930s or 1940s had limited contact with
observation. Add in an unobserved and hypothetical extra fifth dimension to the mix —and
why should anyone spend their time on this, rather than the magical and revolutionary world
of quantum mechanics then opening up? And so, first for years, and then decades, and then
for the better part of a century the possibility of extra dimensions was relegated to the
backwaters of science.

A Theory of Strings Nestling among the Colorado Rockies is the mountain town of Aspen,
an expensive and exclusive home, or second home, for those rich enough to afford a
residence among the beautiful surroundings. But alongside the socially elevated houses is a
centre for physics, where physicists gather to discuss current projects and deep ideas about
various topical areas. In 1984 a conference was being held. Two of the physicists attending,
Michael Green of Queen Mary and Westfield College, part of the University of London, and
John Schwarz of the California Institute of Technology, were some of the few keeping the
flame alive for extra dimensions. As thunder rolled outside, Green and Schwarz worked out
and presented their solution to a problem that was widely believed to render extra dimensions
physically impossible. And as the Green-Schwarz solution became widely known, extra
dimensions rapidly became one of the hottest topics in theoretical physics. What had
happened? For many decades, physicists had ignored the idea of extra dimensions in favour
of other, more exciting, ideas. Starting in the 1970s, however, one obscure and oddball idea

(02)- Konigsberg se stal Kaliningradem, hostitelskym piistavem Baltské flotily ruského
namotnictva. Jeho predstavy vSak ziistavaji. Pfi pfemysleni o Einsteinovych rovnicich si
Kaluza polozil napadnou otdzku: Podle Einsteina byla geometrie dynamické a ustfedni ve
fyzice gravitace. TakZe — co by se stalo, kdyby Einsteinovy rovnice byly misto toho napsany
pro pét prostorocasovych dimenzi (Ctyii prostorové dimenze a jednu ¢asovou dimenzi)
namisto konvenc¢nich tfi prostorovych dimenzi a jedné ¢asové dimenze? Na prvni pohled se
tato mySlenka zda hloupéd — nebo alesponi téma vhodné pouze pro matematika bez z4jmu o
skute¢ny svét. Ve svéte, ve kterém zijeme, existuji tii smeéry (nebo dimenze) do vesmiru — ne
dva a ne Ctyfi, ale tfi. Takze, 1 kdyZ to mize byt zajimavé akademické cviceni premyslet o
Einsteinovych rovnicich ve ¢tyfech prostorovych dimenzich, je to — jisté! - nemuze mit zadny
vyznam pro skutecny fyzicky svét, ve kterém Zijeme. Urcité ne - ledazZe by, tvrdil Kaluza, byl



extra rozmér tak maly, Ze by byl nepozorovatelny. V tomto ptipad¢ by se prostorova
geometrie skladala ze tFi velkych prostorovych dimenzi a jednoho malého. A tak Kaluza
sepsal Einsteinovy rovnice obecné relativity pro takovy prostor — a vytesil je. Vysledek byl
zarazejici. Rovnice se samy od sebe oddélily, nechaly se piepsat jinym zptisobem — a pak se
vratily dohromady se zcela odliSnou strukturou — takovou, kterou lze ¢ist jako Cisté
trojrozmérnou sadu rovnic, popisujici Einsteinovu obecnou relativitu ve tfech dimenze — plus
dynamika a interakce dodatecné sily, kterd se chovala velmi podobnym zptisobem jako
elektromagneticka sila, kterou zndme — plus opét dalsi ¢astice. Kaluza nasel néco
ohromujiciho — gravitace ve ¢tytech prostorovych dimenzich, v limitu jednoho neviditelné
malého rozméru navic, byla ekvivalentni gravitaci ve tfech prostorovych dimenzich plus
elektromagneticka sila. Sviij vysledek publikoval v Proceedings of the Prussian Academy of
Sciences, ptfi¢emz ¢lanek sponzoroval sam Albert Einstein. Tento vysledek byl izasny. Bylo
to hluboké. Bylo to zardZejici — le témaF nikoho to nezajimald], ne tehdy a na celé desetileti
poté. Misto toho to byla doba zkéazy. V depresivnim svété politiky byla bohaté kultura a véda
Neémecka 19. stoleti, kterad hostila a vychovala mnoho skvélych zidovskych u¢encti od
Einsteina dolii, pomalu ni¢ena a prekrucovana vzestupem rakovinné ideologie NS a jejimi
doktrinami rasova Cistota a arijska nadfazenost. Ve vznesenéjSim a vé¢ném svéte fyziky byla
destrukce — kreativni a plodna destrukce — také na dennim potadku. Béhem dvacatych a
tiicatych let byl objevovan novy a radikaln¢ tajemny svét kvantové mechaniky, predchozi
zaklady tohoto predmétu se rozpoustély a v celé historii fyziky nebyl lepsi ¢as byt mlady —
postupem Casu. Vase ruce, svét u vasich nohou a atomy ve vaSem mozku. Obecna relativita
mezitim mohla byt hluboka a mohla byt dtlezita. Nebylo to vSak tak vzrusujici. I ve tfech
prostorovych dimenzich méla obecna teorie relativity ve 20., 30. nebo 40. letech omezeny
kontakt s pozorovanim. Ptidejte do mixu nepozorovany a hypoteticky extra paty rozmér — a
pro¢ by mél nékdo travit Cas tim, spiSe neZ tim, Ze se otevird kouzelny a revolucni svét
kvantové mechaniky? A tak byla nejprve na roky a poté desetileti a pak na vétsi ¢ast stoleti
moznost dal$ich dimenzi odsunuta do zapadakovt védy. Jako HDV. Teorie strun. Uhnizdény
mezi Colorado Rockies je horské méstecko Aspen, drahy a exkluzivni domov nebo druhy
domov pro ty, ktefi jsou dostatecné bohati, aby si mohli dovolit bydleni v krdsném prostredi.
Ale vedle spolecensky vyvySenych domt je centrem fyziky, kde se fyzici schazeji, aby
diskutovali o aktudlnich projektech a hlubokych pfedstavach o riznych aktudlnich oblastech.
V roce 1984 se konala konference. To uz jsem ja mél 3 roky prace nad HDV za sebou. Dva z
ptitomnych fyzik, Michael Green z Queen Mary a Westfield College, souc¢ast Londynské
univerzity, a John Schwarz z Kalifornského technologického institutu, byli jedni z méla,
kteti udrzovali plamen naZivu pro dalsi dimenze. KdyZ se venku valil hrom, Green a Schwarz
vypracovali a predstavili své feSeni problému, o kterém se vSeobecné véfilo, Ze €ini extra
rozméry fyzicky nemoznymi. A jak se Green-Schwarz feSeni stalo ‘éiroce Zném)'ImL a jak se to
déla aby néjaké feSeni se stzalo Siroce znamym??, extra dimenze se rychle staly jednim z
nejzhavejSich témat teoreticke fyziky. Co se stalo? Po mnoho desetileti fyzici ignorovali
mySlenku dalSich dimenzi ve prospéch jinych, vice vzruSujicich mySlenek. Myslenky
HDV si nevsimli zatim 40 let!!! Kdy si vS§imnou? (je mi uz skoro 80 let). Pocinaje
sedmdesatymi 1éty vSak se zrodila jedna obskurni a podivna myslenka

(03)- appeared to require, for consistency, the existence of extra dimensions. This idea was
string theory. String theory has a justified reputation as a difficult and complex subject. Its



origins, though, come from one single problem. Take the equations that describe a one-
dimensional object under tension — think a violin string or a cracking whip. Promote these
equations to a relativistic limit, where the ends move at the speed of light itself. Finally, take
the quantum mechanical version of these equations — and study them. Take strings —

make them relativistic, make them quantum mechanical — and you have the subject known as
string theory. When the ideas of string theory were first developed — by the Italian physicist
Gabriele Veneziano in the revolutionary summer of 1968, against a background of protest, a
summer filled with students who were both rioting and rutting — the ideas of string theory
were thought of as a possible explanation for the behaviour of the strong force, which binds
the nuclei of atoms together. Despite five years of intense work from 1968 to 1973, this idea
did not succeed. There were two major problems: the particles the theory predicted did not
match those actually found in experiments on strong interactions, and more abstractly the
theory simply broke — probabilities failed to add up to one — if space did not have an
additional six spatial dimensions beyond the three we already know. This meant that string
theory, by the early 1970s, seemed destined for the rubbish bin of failed ideas. But for a
small number of physicists — including Green and Schwarz — something nagged. Many things
about the theory worked surprisingly well — there were odd and unexpected cancellations that
looked too good to be simply a coincidence. Why were these happening? Maybe string theory
was actually something else? Maybe using string theory to describe the strong force was a
desperate attempt to force a square peg into a round hole? Maybe, just maybe, they and
others whispered in hushed voices, string theory was actually the quantum theory of the
gravitational force - the long awaited theory that underlies everything. Were the strings of
string theory the fundamental components of the universe? The response was disinterest.
Why care? Quantum gravity was obscure. String theory was obscure. Put the two together —
and the number of people working on the topic was literally a handful. For this was the great
age of the Standard Model, and new particles were discovered almost every year. String
theory in mid- to -late 1970s physics was about as fashionable as powdered wigs and top
hats. It also appeared to be facing insurmountable problems. Any versions of string theory
that tried to include the type of particle that make up the Standard Model appeared

internally inconsistent: the probabilities in quantum mechanical computations, again, were
failing to add up to one. What happened in rainy Aspen in 1984 was that Green and Schwarz
found a way to solve this problem. The problem was one of what are called anomalies — for a
whole host of calculations in the quantum theory, probabilities were not adding up to one.
Every time this happened, the theory was marked as inconsistent. Green and Schwarz
discovered a new, previously missed term in the calculations — and with this included, all
these previous problems disappeared and the quantum theory was suddenly consistent again.
Their result was — and is - called Green-Schwarz anomaly cancellation. As news of their
result spread, string theory — a theory which required not one, not two, but six additional
dimensions to space - became one of the most popular subjects in theoretical physics. It was a
pivotal moment, and the thunderous storm outside echoed its import. The physics of extra
dimensions, a subject that had previously scraped its existence on the fringes of
respectability, was now the subject of an intellectual gold rush, as physicists flocked in to try
and relate the physics of string theory, and its six extra dimensions, to the more

familiar physics of four dimensions and the Standard Model. It had been proposed that the
particles and forces of our world were born out of the different ways in which these
fundamental strings could vibrate - and they needed ten dimensions to vibrate within, in



order to fit our reality. The quest for quantum gravity - a theory of everything that had
haunted Einstein on his deathbed - was once again the centre of attention.

Visualizing The Invisible (Calabi-yau Manifolds) "I was in San Diego with my wife one day
[in 1984], looking out at the beautiful ocean,” "The phone rang and it was my friends Andrew
Strominger and Gary Horowitz. They were excited because string theorists were building up

(03)- zdalo se, Ze pro konzistenci vyZaduje existenci dal$ich dimenzi. Tato myslenka byla
Teorie strun ma opravnénou povést jako obtizné a sloZité téma. Protoze je
nevérohodna. Protoze stavi hmotu nikoliv ,,z dimenzi, ale SVé struny stavi ,,z Ni¢eho a

z nich hmotu. Kdyby si tito elegantni fyazikové byvali v§imli uZ davno mé HDV a
vyménili v té své teorii ,,struny za dimenze* veli€in fyzikalnich!!!, tak uz davno by byla
jejich teorie a moje myslenka propracoviana do uZzasné TEORIE VSEHO. Jeho pivod
vSak pochazi z jediného problému. Vezmeéte rovnice, které popisuji jednorozmérny objekt pod
napétim — predstavte si strunu housli nebo praskani bicem. Posuiite tyto rovnice na
relativistickou mez, kde se konce pohybuji rychlosti samotného svétla. Nakonec si vezméte
kvantové mechanickou verzi téchto rovnic — a prostudujte je. Vezméte struny — udélejte je
relativistickymi, kvantové mechanické — a mate pfedmét znamy jako teorie strun. Ne.
Vezméte 3+3 [§ZIKaIAI dimenze dvou veligin (Délka a Cas) a piidejte k tomu n+m extra
dimenzi matematiCkyehl a mate elegantni a jednoduchou zapisovou techniku nové teorie
hmoty a jejich interakci a sil v makrosvéte:
http://www.hypothesis-of-universe.com/docs/aa/aa_112.pdf  neobvykla otadzka
http://www.hypothesis-of-universe.com/docs/aa/aa_078.pdf  variantni zapisova technika
http://www.hypothesis-of-universe.com/docs/eng/eng_096.pdf variantni zapisova technika

Kdyz byly teorie strun poprvé — italskym fyzikem Gabrielem Venezianem

v revoluc¢nim 1ét€ 1968, na pozadi protestt, 1éta plného studentti, ktefi se boufili a boufili,
byly myslenky teorie strun povaZovany za mozné vysvétleni chovani silné sily, kterd k sobé
vaze jadra atomu. Pies pét let intenzivni prace v letech 1968 az 1973 |se tento népad‘

Byly zde dva hlavni problémy: ¢astice, které teorie predpovidala, se neshodovaly s
témi, které byly skutené nalezeny v experimentech se silnymi interakcemi, a abstraktnéji se
teorie jednoduse rozpadla — pravdépodobnosti se nepodatilo secist jednu — pokud by prostor
nem¢l dalSich Sest prostorovych dimenzi. T#i, které uz zname. To znamenalo, Ze [teorie strun
se na pocatku 70. let zdala byt pFedur&ena k odpadkovému kosi neiisp&nych napadi.
Ale pro maly pocet fyzikli — véetné Greena a Schwarze — néco otravného. Mnoho véci v této
teorii fungovalo prekvapiveé dobie — byly tam zvlastni a neocekavané zruseni, které vypadaly
piili§ dobfe na to, aby to byla pouha ndhoda. Proc se to stalo? Mozna byla teorie strun ve
skutecnosti néco jiného? Mozna bylo pouziti teorie strun k popisu silné sily zoufalym
pokusem zatlacit ¢tvercovy kolik do kulaté diry? MoZn4, jen mozn4, tiSe a ostatni Septali, ze
teorie strun byla ve skutecnosti kvantova teorie gravitacni sily - dlouho o¢ekavana teorie,
ktera je zakladem vSeho. Byly struny teorie strun zakladni slozkou vesmiru? Odpovédi byl
nezdjem. Dtto HDV. Pro¢ se starat? Kvantova gravitace byla nejasna. Teorie strun byla
nejasnd. Spojte je dohromady — a pocet lidi, ktefi na tomto tématu pracovali, byla doslova
hrstka. Pro HDV jich bylo jesté méné > jen ja sam.A to byl velky v€k Standardniho modelu
a témét kazdy rok byly objevovany nové ¢astice. Teorie strun byla fyzika v polovin€ aZ konci
70. let minulého stoleti asi tak modni jako napudrované paruky a cylindry. Zdalo se také, ze



http://www.hypothesis-of-universe.com/docs/aa/aa_112.pdf
http://www.hypothesis-of-universe.com/docs/aa/aa_078.pdf
http://www.hypothesis-of-universe.com/docs/eng/eng_096.pdf

celi neptekonatelnym problémtim. Jakym? Byla to pohadka o slepic¢ce a kohoutkovi...
Jakékoli verze teorie strun, které se pokousely zahrnout typ ¢astice tvorici Standardni model,
se zdély vnitiné nekonzistentni: pravdépodobnosti v kvantové mechanickych vypoctech opét
selhavaly v souctu jedné. V deStivém Aspenu v roce 1984 se stalo, Ze Green a Schwarz
nasli zpiisob, jak tento problém vyfesit. O, o...Problém byl jeden z toho, ¢emu se fika
anomalie — pro celou fadu vypocti v kvantové teorii se pravdépodobnosti nerovnaly jedné. Ja
vypoétam v Teorii strun nerozumim, ale jeden ndpad bych mél: Princip stifidani symetrii

s asymetriemi http://www.hypothesis-of-universe.com/docs/eng/eng_008.jpg Pokazdé, kdyz
se to stalo, byla teorie oznacena za nekonzistentni. Green a Schwarz objevili ve vypoctech
novy, diive vynechany termin — a diky tomu vSechny tyto piredchozi problémy zmizely a
|kvantové teorie byla nahle opét konzistentni|. Jejich vysledek byl — a je — nazyvan zrusenim
Green-Schwarz anomalie. Jak se zpravy o jejich vysledku rozsitily, teorie strun — teorie, kterd
pro vesmir vyZzadovala ne jednu, ne dv¢, ale Sest dalSich dimenzi — se stala jednim z
nejoblibengjSich predmétn teoretické fyziky.

Kdyby byla pfiroda jen a jen symetricka, nic by se nekonalo, nehybalo, nevyvijelo, vesmir by
byl inertni...

Toto je principem stiidani symetrii s asymetriemi v posloupnosti stavi, ( od big-bangu podnes
), ...pricemz zakony zachovani — symetrie plati jen jako ,,stop-stavy* prubéznych zmén (
rovnéz tak i asymetrie plati jako stop-stavy ). Své ivahy o tom jsem zacal davno. A na
internetu jsou zvetejnény v modifikacich uz v r. 2004 a 2005,

...zde — http://www.hypothesis-of-universe.com/docs/aa/aa_004.pdf

a zde — http://www.hypothesis-of-universe.com/docs/aa/aa_002.pdf

a zde — http://www.hypothesis-of-universe.com/docs/aa/aa_008.pdf

a zde — http://www.hypothesis-of-universe.com/docs/aa/aa_013.pdf

a zde — http://www.hypothesis-of-universe.com/docs/i/i_141.pdf

a zde — http://www.hypothesis-of-universe.com/docs/h/h_082.jpg

a zde — http://www.hypothesis-of-universe.com/docs/h/h _052.pdf

a zde — http://www.hypothesis-of-universe.com/docs/r/r_009.pdf

a zde — http://www.hypothesis-of-universe.com/docs/r/r_010.pdf

a zde — http://www.hypothesis-of-universe.com/docs/r/r_004.pdf

a zde — http://www.hypothesis-of-universe.com/docs/r/r_003.pdf

a zde — http://www.hypothesis-of-universe.com/docs/r/r_002.pdf

a zde — http://www.hypothesis-of-universe.com/docs/g/g_073.pdf

a zde — http://www.hypothesis-of-universe.com/docs/g/g_062.pdf

a zde — http://www.hypothesis-of-universe.com/docs/g/g_039.pdf

a zde — http://www.hypothesis-of-universe.com/docs/g/g_044.pdf

a zde — http://www.hypothesis-of-universe.com/docs/eng/eng_008.jpg

a zde — http://www.hypothesis-of-universe.com/docs/eng/eng_002.pdf

Byl to kli¢ovy okamzik a boutka venku odraZela jeho vyznam. Fyzika zvlastnich dimenzi,
predmét, ktery diive seSkraboval svou existenci na hran¢€ uctyhodnosti, byl nyni pfedmétem
intelektudlni zlaté horecky, kdyz se fyzikové nahrnuli, aby se pokusili uvést do souvislosti
fyziku teorie strun a jejich Sesti dalSich dimenzi, ke znamé;jsi fyzice ¢tyt dimenzi a
standardnimu modelu. Bylo navrzeno, Ze ¢astice a sily naseho svéta se zrodily z riznych
zpiisobll, kterymi mohly tyto zakladni struny vibrovat - a potfebovaly deset dimenzi, aby
uvnitf vibrovaly, aby odpovidaly nasi realité. Hledani kvantové gravitace — teorie v§eho, co
pronasledovalo Einsteina na smrtelné posteli — bylo opét sttedem pozornosti.
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Visualizing The Invisible (Calabi-yau Manifolds) ,,Jednoho dne jsem byl v San Diegu se svou
zenou [v roce 1984] a dival jsem se na krasny ocean, ,,Zazvonil telefon a byli to moji ptatelé
Andrew Strominger a Gary Horowitz. Nadseni, protoze teoretici strun rostli

(04)- models of the Universe and needed to know whether [Calabi-Yau] manifolds really
existed. | was happy to confirm that they did." Mobius Strips. Klein bottles. Roman Surfaces.
They are complex, mind-boggling, difficult to comprehend - but still geometries. And so it
goes with the almost impossible to visualise extra six dimensions of string theory. Geometry
as a subject goes back over two thousand years — Pythagoras’s theorem, Euclid’s

textbook, circles, parallel lines, infinite planes...it is one of the oldest subjects in
mathematics. And so we can ask: what possible shape could these tiny six extra dimensions
take? Would they be built up from simpler and more familiar ingredients, such as straight
lines, circles and ellipses? Or might they rather be radically unfamiliar objects with strange
and unusual topologies, One of the most interesting, and most studied, examples of possible
geometric shapes for the six extra dimensions are what are called Calabi-Yau

manifolds, named after the Italian-American mathematician Eugenio Calabi and the Chinese
geometer Shing-Tung Yau. These spaces had already attracted interest from mathematicians
because of their beautiful complex geometry — ‘complex’ here as in complex numbers such
as i - the sum of a real and imaginary number.They are not easy to visualise and are
topologically complex - a typical Calabi-Yau has hundreds and hundreds of the higher-
dimensional equivalents of ‘holes’. Mathematically they are a marvel - but why have these
manifolds been studied so mucwithin physics? Why did early string theorists choose these
bizarre geometries to fold up the extra six dimensions? One reason is that the geometry of
these spaces automatically satisfies the equations of Einstein’s theory of gravity, general
relativity. The equations of general relativity are restrictions on the allowed forms for the
curvature of spacetime. These equations are one of the deepest and most powerful ideas in all
of physics, and so they are expected to be true not just in the 4-dimensional world that we
inhabit but also within any deeper frameworks that would extend our known laws - and this
includes ideas such as string theory. And these Calabi-Yau geometries fit the bill. But that is
not all. Einstein’s equations are classical. They do not include any quantum physics. Often,
there are solutions to classical equations which are destroyed the moment quantum effects are
turned on. The quantum lead to uncontrolled, almost infinite, amounts of extra energy that act
as a wrecking ball on the simple classical solution that was started. To avoid this wrecking
ball, classical solutions and theories of quantum gravity need something extra — a form of
extra protection, extra symmetry, that will act as a shield against these quantum effects.
Calabi-Yau geometries have this extra protection which follows from their equations. It is
called supersymmetry, a form of extra symmetry that is especially good at taming the most
dangerous effects of quantum physics. In brief, supersymmetry roughly ensures the quantum
effects split into two parts, both catastrophic, both almost infinite — but with opposite sign so
that they precisely and totally cancel each other out. However, supersymmetry is still only a
conjectured symmetry, and it may or may not be a part of the true theory of the world. When
physicists started getting interested in Calabi-Yaus in the mid 1980s, only a small number of
examples were known. It was dreamed that this small number might then turn into a semi-
unique path, leading from the ten dimensions of string theory directly to the Standard Model.
Scientists dared to dream - was this about to become one of the greatest moments in all of
physics? Not quite. The number of such Calabi-Yau spaces just kept growing and



growing.Their names sound deliciously exotic: ‘the quintic hypersurface in CP4’ or ‘the
mirror quintic’. Now billions upon billions of such geometries are known, and instead of
being enumerated manually by a lone mathematician scribbling across sheets of

paper, impersonal silicon spits them out by the microsecond. And so we are left with an
incredibly complex and elegant theory - but also a problem. The world in which we live is not
- at first glance - ten dimensional. Were these extra dimensions to exist, physicists believe
they would be everywhere in four dimensional space, but extremely small - some estimates
putting them at more than a quadrillion times smaller than an atom. So how could we ever
know, or prove what form these extra dimensions actually take if they are too small to be
observed? And indeed more fundamentally - what does it even mean to talk about extra
dimensions that we cannot see? Where Are The Hidden Dimensions? What does it mean to
see something? There is an anecdote about the famous and charismatic physicist Richard
Feynman — although as with all good anecdotes, it may not be fully true. Feynman — the

(04)- modely vesmiru a potiebovali védét, zda [Calabi-Yau] manifoldy skute¢né existuji.
Rad jsem potvrdil, Ze ano." Mobius Strips. Kleinovy lahve. Rimské povrchy. Jsou slozité,
ohromujici, tézko pochopitelné - ale pfesto geometrie. A tak je téméef nemozné predstavit si
dalSich Sest rozmért provazku. Teorie jako pfedmét saha pires dva tisice let do minulosti —
Pythagorova véta, Euklidova ucebnice, kruznice, rovnobézky, nekonecné roviny...je to jeden
z nejstarSich pfedméti v matematice, a tak se miizeme ptat, jaky tvar miiZze mit tato malé
Sestka. Byly by vytvofeny z jednodussich a zndméjsich ingredienci, jako jsou rovné ¢ary,
kruhy a elipsy, nebo by to mohly byt spiSe radikdln¢€ nezndmé objekty s podivnymi a
neobvyklymi topologiemi, jednim z nejzajimavéjSich a nejvice prostudovanych ptikladi? z
moznych geometrickych tvart pro Sest dalSich dimenzi jsou takzvané Calabi-Yauovy
manifoldy, pojmenovaneé po italsko-americkém matematikovi Eugeniu Calabim a ¢inském
geometrovi Shing-Tung Yau. Tyto prostory jiz pfitahovaly zajem matematikt kvuli jejich
krasné komplexni geometrii — zde ,.,komplexni, jako u komplexnich ¢isel, jako je i — soucet
realného a imagindrniho ¢isla. Neni snadné je vizualizovat a jsou topologicky slozité —
typické Calabi -Yau ma stovky a stovky vysSich-dimenzionalnich ekvivalenti 'dér"'.
http://www.hypothesis-of-universe.com/docs/eb/eb_002.pdf ; http://www.hypothesis-of-
universe.com/index.php?nav=eb ; Matematicky jsou to zazrak — ale pro¢ byly tyto variety tak
studovany ve fyzice? http://www.hypothesis-of-universe.com/docs/eb/eb_004.pdf ;
http://www.hypothesis-of-universe.com/docs/eng/eng_096.pdf Pro¢€ si rani teoretici strun
zvolili tyto bizarni geometrie, aby slozili dalsich Sest dimenzi? http://www.hypothesis-of-
universe.com/index.php?nav=eb ; Jednim z diivodu je, ze geometrie té€chto prostort
automaticky spliiuje rovnice Einsteinovy teorie gravitace, obecné teorie relativity. Rovnice
obecné teorie relativity jsou omezenim povolenych forem zaktiveni asoprostoru. Tyto
rovnice jsou jednou z nejhlubsich a nejmocnéjSich myslenek v celé fyzice, a proto se ocekava,
ze budou pravdivé nejen ve 4-rozmérném svéte, ktery obyvame, ale také v jakychkoli
hlubsich ramcich, které by rozsitily naSe znamé zakony — a toto zahrnuje myslenky, jako je
teorie strun. A tyto Calabi-Yauovy geometrie tomu odpovidaji. Ale to neni vSe. Einsteinovy
rovnice jsou klasické. Nezahrnuji zadnou kvantovou fyziku. Casto existuji feseni klasickych
rovnic, kterd jsou zni¢ena v okamziku, kdy jsou zapnuty kvantové efekty. Kvantové vedeni k
nekontrolovanému, témét nekone€nému mnozstvi energie navic, které ptsobi jako demoli¢ni
koule na jednoduchém klasickém feSeni, které bylo zahajeno. Aby se zabranilo této nicivé
kouli, klasicka feSeni a teorie kvantové gravitace potfebuji néco navic — formu zvlastni
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ochrany, extra symetrii, ktera bude fungovat jako stit proti témto kvantovym efektim.
Geometrie Calabi-Yau maji tuto extra ochranu, ktera vyplyva z jejich rovnic. Rika se tomu
supersymetrie, forma mimoradné symetrie, ktera je obzvlasté dobra pti zkroceni

rozdéleni kvantovych efekt na dvé ¢asti, ob¢ katastrofické, obé témét nekonecné — ale s
opacnym znaménkem, takze se navzajem presné a totaln¢€ vyrusi. Supersymetrie je vSak stale
pouze domnélou symetrii a miize a nemusi byt soucasti skute¢né teorie svéta. Kdyz se fyzici
zacali o Calabi-Yaus zajimat v poloving¢ 80. let, bylo znamo jen malé mnozstvi ptikladd. Snilo
se o tom, Ze toto malé Cislo by se pak mohlo proménit v polojedinecnou cestu vedouci z deseti
dimenzi teorie strun pfimo ke Standardnimu modelu. Védci se odvazili snit — mél se z toho
stat jeden z nejvétsich okamziki celé fyziky? Ne tak docela. Pocet takovych prostora Calabi-
Yau stéle rostl a rostl. Jejich ndzvy zni lahodné exoticky: ,,quintic hypersurface in CP4‘ nebo
the mirror quintic*. Nyni jsou zndmy miliardy a miliardy takovych geometrii|, a misto
toho, aby je ru¢n¢ vyc¢islil osamély matematik ¢marajici pies listy papiru, neosobni kiemik je
vyplivne v mikrosekundach. A tak ndm zbyva neuvétitelné slozita a elegantni teorie — ale také
problém. Svét, ve kterém Zijeme, neni — na prvni pohled — desetirozmérny. Pokud by tyto
dalsi dimenze existovaly, fyzici véfi, ze by byly vSude ve ¢tyfrozmérném prostoru, ale
extrémné malé - podle n¢kterych odhadu jsou vice nez kvadrilionkrat mensi nez atom. Jak
bychom tedy mohli nékdy védét nebo dokézat, jakou formu tyto dodate¢né dimenze ve
skute¢nosti maji, pokud jsou pfili§ malé na to, aby je bylo mozné pozorovat? A jesté zasadnéji
— co to viibec znamena mluvit o dalsich dimenzich, které nevidime? Kde jsou skryté dimenze?
Jsou ve hmoté. http://www.hypothesis-of-universe.com/docs/eng/eng_012.jpg Co to znamena
néco vidét? Existuje anekdota o slavném a charismatickém fyzikovi Richardu Feynmanovi — i
kdyZ jako u vSech dobrych anekdot nemusi byt zcela pravdiva. Feynman — ten

(05)- story goes —was conducting a PhD viva, the verbal examination for a student who had
just submitted a thesis in theoretical physics. The student’s thesis was on quantum gravity,
and he had undertaken many long and intricate mathematical calculations. Feynman,
however, was concerned that in this process the student had lost himself in mathematics and
forgotten his physics. Feynman started asking questions about physical scales, physical sizes,
physical properties. What, Feynman asked, was the wavelength of visible light? ‘I don’t
know’ — said the student. ‘Perhaps a metre?’. Feynman got up from the examiner’s chair and
walked towards the student. ‘Do I’, he said in his New York drawl ‘look blurry to you?’The
reason we can see each other, and recognise the fine structure of each other’s faces, is that the
wavelength of visible light is a bit smaller than a micrometre, or a millionth of a metre. Any
objects much bigger than a micrometer do not blur when viewed in visible light, and so
visible light allows us to resolve objects down to these lengths. Objects smaller than this,
however, cannot be seen with visible light. Atoms exist. They are, as Democritus said, part of
the natural world. However, being one thousand times smaller than visible light, it is simply
impossible for them to be seen using visible light. This simply lacks the necessary structure
to resolve them. X-rays are another matter — but for most of our existence, humans did not
have access to controlled sources of X-rays. Even if we cannot see individual atoms, we can
still feel their effects. Every time we touch anything with our hands, or sit down on a chair,
we feel the effects of atoms.The fact that, when we sit down, we do not carry on plunging
through the seat of the chair is because of the summed effect of billions upon billions upon
billions of atoms, and the electric interactions between them. When we sit down, the entire
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earth is pulling on us downwards, using the force of gravity. What resists this pull is an
electric repulsion that occurs as the matter that is us tries to pass through the matter that is the
chair — and this repulsion originates from the atoms making up both, even though we cannot
directly discern individual atoms. So for atoms, we can feel their effects, even if we cannot
directly resolve them. What would be the analogue for extra dimensions? If there is a secret
geometry to space at the very smallest distances, what effects could this have at larger
distances on those unable to resolve the extra dimensions? To understand this, it is
worthwhile to consider what a dimension is. We are all familiar with three dimensions —
these are the directions we move in, the way we label the positions of objects. There is one
dimension of up and down, and two for moving horizontally. We can think of dimensions as
the number of labels you have to give to say where an object is, in the way that

coordinates on a two-dimensional sheet of paper allow you to locate any individual point on
that paper. But what about four spatial dimensions — or five, or nine? Who can actually
visualise what is meant by nine spatial dimensions? Where else can we go in our mind
beyond up and down and North/South/East/West? It is hard even to conceive of what extra
spatial dimensions would mean. There is no way to make this perfectly intuitive, but we can
meet our intuition part of the way. One way to have a sense of this is to imagine an insect
walking on a plant vine - a vine both long and thin. An ant - or any other insect - can walk
along the vine — either forward or backwards. The surface of the vine certainly has two
dimensions — zooming in with a powerful microscope, we would see the surface made up of
many cells, stretching off in all directions. But the insect, small though it is, is still too large
to treat the vine as having more just one linear dimension. In truth, the surface of the vine has
two dimensions — but to a big enough insect, there is effectively only a single dimension. As
for the ant, so — perhaps — for us. If extra dimensions are small enough, we (and all our
technology) are simply too big and too clunky to resolve them. The fundamental strings of
string theory would be small enough to make use of them, but without tools to resolve
structure at sufficiently small distances, we cannot sense that they are present.Imagine trying
to build an intricate Lego model or knit fine filigree lace — but while wearing boxing gloves.
Impossible! Without tools that probe such smaller distances, any structure on these
distances is simply inaccessible. But could there still be phenomena — like the bottom on the
chair — where extra dimensions could manifest their effects, even if we cannot discern their
full structure? Yes. Particles. Physicists unable to resolve the full structure of extra

(05)- story goes — provadél PhD viva, Gstni zkousku studenta, ktery pravé odevzdal praci z
teoretické fyziky. Studentova prace byla o kvantové gravitaci a provedl mnoho dlouhych a
slozitych matematickych vypoct. Feynman se vSak obaval, Ze se v tomto procesu student
ztratil v matematice a zapomnél na fyziku. Feynman se zacal ptat na fyzikalni méfitka,
fyzické velikosti, fyzikalni vlastnosti. Jaka byla vinova délka viditelného svétla, zeptal se
Feynman? ,,Nevim,* fekl student. ,Snad metr?‘. Feynman vstal ze zkouSejiciho kiesla a Sel ke
studentovi. ,,Pfipadam si rozmazany, fekl ve své newyorské kresbe? ,,Diivod, pro¢ se
navzajem vidime a rozezndvame jemnou strukturu tvaii toho druhého, je ten, Ze vinova délka
viditelného svétla je o néco mensi nez mikrometr nebo miliontina metru. Zadné objekty
mnohem vét§i nez mikrometr se pii pozorovani ve viditelném svétle nerozostiuji, a tak nam
viditelné svétlo umoznuje rozlisit objekty na tyto délky. Objekty mensi, nez je tato, vSak nelze
vidét ve viditelném svétle. Atomy existuji. Jsou, jak fekl Democritus, soucasti ptirozeného
svéta. Protoze jsou vSak tisickrat mensi neZ viditelné svétlo, je prosté nemozné, aby je bylo



mozn¢é vidét pomoci viditelného svétla. To jednoduse postrada potiebnou strukturu k jejich
vyfeSeni. Rentgenové zafeni je jina véc — ale po vétSinu nasi existence lidé neméli ptistup ke
kontrolovanym zdrojim rentgenového zéieni. I kdyz jednotlivé atomy nevidime, stale
muzeme citit jejich ucinky. Pokazdé, kdyz se ¢ehokoli dotkneme rukama nebo kdyz si seddme
na zidli, citime ucinky atomii. Skutecnost, ze kdyz se posadime, neklesdme pies sedadlo zidle,
je zpisobena celkovym efektem miliard miliard az miliard atomt a elektrickych interakci
mezi nimi. Kdyz se posadime, celd Zemé nas tahne doli pomoci gravitacni sily. To, co
tomuto tahu odolava, je elektrické odpuzovani, ke kterému dochazi, kdyz se hmota, kterou
jsme my, snazi projit hmotou, ktera je zidli — a toto odpuzovani pochézi z atomt tvoticich
oba, i kdyz jednotlivé atomy nemizeme piimo rozeznat. Takze u atomi mizeme citit jejich
ucinky, i kdyz je nemiizeme piimo vyfesit. Jaky by byl analog pro extra rozméry? Pokud
existuje tajnd geometrie vesmiru ve velmi nejmensich vzdalenostech, jaké ti¢inky by to mohlo
mit na v¢tsi vzdalenosti na ty, ktefi nejsou schopni rozlisit dal$i dimenze? Abychom to
pochopili, stoji za to zvazit, co je to dimenze. Vsichni zname tfi rozméry — to jsou sméry,
kterymi se pohybujeme, zpiisob, jakym oznacujeme pozice objektl. K dispozici je jeden
rozmér nahoru a dolt a dva pro horizontdlni pohyb. Rozméry si miizeme ptedstavit jako pocet
Stitkl, které musite zadat, abyste fekli, kde se pfedmét nachézi, zpiisobem, ktery vam
soufadnice na dvourozmérném listu papiru umoziuji lokalizovat jakykoli jednotlivy bod na
tomto papiru. Ale co Ctyfi prostorové dimenze — nebo pét, nebo devet? Kdo si vlastn€ dokaze
predstavit, co se rozumi deviti prostorovymi dimenzemi? Ja. Jsou to ,,matematické dimenze*
ukryté v balicku n-dimenzi uvnitt hmoty. http://www.hypothesis-of-
universe.com/docs/eb/eb_057.jpg ; http://www.hypothesis-of-
universe.com/docs/eb/eb_058.pdf ; http://www.hypothesis-of-

universe.com/docs/eb/eb _073.pdf ; Kam jinam muZeme jit v nasi mysli za hranice nahoru a
dolt a na sever/jih/vychod/zapad? Je tézké si viibec predstavit, co by znamenalo dalsi
prostorové rozméry. Neexistuje zpusob, jak to udélat dokonale intuitivni, ale ¢astecné se
muizeme setkat s nasi intuici. Jednim ze zpiisobtl, jak to pochopit, je pfedstavit si hmyz, ktery
se prochazi po rostling - lidna dlouhé i tenké. Mravenec - nebo jakykoli jiny hmyz - se mtze
prochéazet podél lidny - doptedu nebo dozadu. Povrch révy ma jisté dva rozméry — piiblizenim
vykonnym mikroskopem bychom vidéli povrch tvofeny mnoha buitkami, rozprostirajicimi se
na vSechny strany. Ale hmyz, i kdyZ je maly, je stale pfili§ velky na to, aby s vinnou révou
zachéazel jako s vice pouze jednim linearnim rozmérem. Ve skute¢nosti ma povrch vinné révy
dva rozméry — ale pro dostate¢né velky hmyz je v podstaté jen jeden rozmér. Jak pro
mravence, tak — mozna — pro nas. Pokud jsou dodate¢né rozméry dostatecné malé, my (a
veskera nase technologie) jsme prosté pfili§ velci a pfili§ neohrabani, abychom je vyfesili.
Zakladni struny teorie strun by byly dost malé na to, aby je bylo mozné pouzit, ale bez
nastroju k vyfeseni struktury na dostatecné malé vzdalenosti nemizeme vycitit, Ze jsou
pfitomny. Pfedstavte si, Ze byste se pokusili postavit sloZity Lego model nebo uplést jemné
filigranové krajky — ale pti noSeni boxerskych rukavic. Nemozné! Bez nastroji, které snimaji
takové mensi vzdalenosti, je jakakoliv struktura na téchto vzdalenostech jednoduse
nepiistupnd. Mohly by vSak stale existovat jevy — jako je dno na zidli — kde by dal$i dimenze
mohly projevit své uéinky, i kdyz nedokdZeme rozeznat jejich plnou strukturu? Ano. Castice.
Fyzikové nejsou schopni vytesit celou strukturu extra

(06)- dimensions are only sensitive to gross features. It is not that there can be no
information, but the information is limited — a bit like trying to describe one’s daily life using
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a vocabulary limited to a hundred words. We could say something — but think how much
would be left out! At energies far, far below those capable of directly resolving the intrinsic
structure of the extra dimensions, the mathematics of general relativity tells us that the
surviving residue of the extra dimension would be particles. If we blur the ability to perceive
extra dimensions, then before reaching nothing at all, the last thing we would be left with
would be particles. This is a statement of the mathematics, and it also follows from the
mathematics that the number, type and interaction of these particles would reflect the
geometry, and topology, of the extra dimensions. Although there may always be exceptions,
it is generally true that the more complex the topology of the extra dimensions, the larger the
number of such particles that would survive. These particles would be the minimal quantum
excitation of the extra-dimensional geometry. In theories of extra dimensions, they are to the
extra dimensions a bit like what the photon is to light and electromagnetism — the

minimal quantum lump, quantum excitation that is left. These particles would be legacies of
a higher dimensional theory of gravity, when viewed from a lower dimension. And so, this
leaves us with questions. What are these legacy particles? Can we observe them? If they exist,
and are generic features of theories with extra-dimensions, surely we should be able to detect
them? To begin with lets focus our discussion on the most interesting and most generic types
of such particle, called a modulus. Modulus particles — in their plural, moduli — originate from
describing the size and shape of extra dimensions. fully trapped within the extra dimensions.
Why, then, can we not just try and observe moduli by making them in particle colliders such
as the CERN Large Hadron Collider? Why not just smash particles together at high enough
energy, in order to make moduli and thereby discover them? This, after all, is a long-
established approach for making and discovering new particles. The problem with this
approach lies in the origin of moduli from extra-dimensional modes of the graviton. Such
moduli behave like gravity — and gravity is, by far, by far, by far, intrinsically the weakest of
all the forces. Gravity is such an incredibly weak force that when you put your little finger
inside a key ring, and lift up the ring and its keys, you are able to pull the ring up against the
gravitational pull of the entire Earth. This shows just how extraordinarily weak are the
interactions of the gravitational force compared to any of the electrostatic effects used by our
bodies and muscles. The gravitational force is therefore far, far too weak to be probed
directly at any particle collider. Particles whose interactions are, at least morally,
gravitational ones, could never be produced even by an LHC running at full intensity from
the time of Stonehenge to now. Their interactions are much weaker even than neutrinos —
which famously can pass through the entire Earth without interacting with any of the matter
in the way. So — what can we do? Perhaps extra dimensions and moduli may exist, but
perhaps we can never observe them? If a collider can never make such particles, or reach
the energies required to resolve extra dimensions, would they always exist as some form of
inaccessible other shadow world which we could never actually detect? But this is not yet the
time to indulge our worst fears. It is true that, interacting so weakly, moduli would be very
hard to make in the first place. However this has a positive counterpart — once they have been
made, moduli would also live for a long time. The weaker the interactions, the harder it is for
a particle to decay. Particles which interact via the strong force are easily made — but they
typically decay in a lifetime much less than a billionth of a billionth of a second, whereas
equivalent particles whose only interactions were at gravitational strength could have
lifetimes measured in years. But to make them, we would need extreme conditions. And the
most extreme conditions in the history of the universe occurred in its first moments.



Hunting For Evidence At The Beginning Of Time In the beginning it is believed, if not
known for absolute certainty — that the universe underwent a period of cosmological
inflation. Its size grew both rapidly and exponentially in an extremely short period of time. It
is hard to overstate the rapidity of this growth - indeed in the inflationary epoch alone, the
universe is believed to have doubled its size approximately eighty times. Within a time period
shorter than it would take light to cross from one end of an atomic nucleus to another, a

(06)- rozméry jsou citlivé pouze na hrubé rysy. Neznamena to, ze by nemohly existovat
zadné informace, ale informace jsou omezené — trochu jako snazit se popsat svij kazdodenni
zivot pomoci slovni zdsoby omezené na sto slov. Mohli bychom néco fict — ale pfemyslejte,
kolik by toho bylo vynechéano!

piiezivajici zbytek exira dimenze by byly €stice. Pokud rozmazeme schopnost vnimat extra

dimenze, pak nez nedosdhneme vibec niceho, to posledni, co by ndm zbylo, by byly ¢astice.
Toto je tvrzeni matematiky a z matematiky také vyplyva, Ze pocet, typ a interakce téchto
castic by odrazely geometrii a topologii extra dimenzi. I kdyz vzdy mohou existovat vyjimky,
obecné plati, ze ¢im slozitéjsi je topologie extra dimenzi, tim vEtsi pocet takovych Castic by
prezil. Tyto ¢astice by byly minimalni kvantovou excitaci extradimenzionalni geometrie. Tito
fyzikocé ovSem zapomn¢éli na extra dimenze Casové. Ty také existuji (1) a ja z nich stavim tu
nadhernou pyramidu elementarnich ¢astic... http://www.hypothesis-of-
universe.com/docs/ea/ea_006.pdf ; http://www.hypothesis-of-
universe.com/docs/ea/ea_013.pdf ; V teoriich extradimenzi jsou pro extradimenze trochu
podobné tomu, ¢im je foton pro svétlo a elektromagnetismus — minimalni kvantova hrudka,
kvantova excitace, ktera zbyva. Pii pohledu z niz$i dimenze by tyto ¢astice byly dédictvim
teorie gravitace vyssi dimenze. A tak to v nds vyvolava otazky. Co jsou tyto ¢astice dédictvi?
Muzeme je pozorovat? Pokud existuji a jsou obecnymi rysy teorii s extra-dimenzemi, urcité
bychom je mé&li byt schopni odhalit? Extra dimenze neodhalime, nejsou fyzikalni, ale jen
,matematické abstrakty*. J4 jsem vyteSil stavbu elementarnich ¢astic ( 1 té&ch, které

V ptirodé bézné nejsou), z poétu 9+9 dimenzi, z toho 3+3 dimenzi fyzikalnich!!!
http://www.hypothesis-of-universe.com/docs/ea/ea_006.pdf ; Pro zacatek zaméfme nasi
diskusi na nejzajimavéjsi a nejobecnéjsi typy takovych ¢astic, nazyvanych modul. Modulové
Castice — v jejich mnozném ¢isle, moduli — pochazeji z popisu velikosti a tvaru zvlastnich
dimenzi. PIn¢ uvéznén v extra dimenzich. Pro¢ se tedy nemuZeme jen pokusit pozorovat
moduly tak, Ze je vytvotime v urychlovacich castic, jako je CERN Large Hadron Collider?
Proc¢ prosté nerozbit ¢astice dohromady pii dostateéné vysoké energii, aby se vytvorily
moduly a tim je objevili? To je koneckonct dlouho zavedeny pfistup k vyrob¢ a objevovani

novych ¢astic. Rozbijenim elementarnich !!! ¢astic nedostaneme nové ,,elementarni*
castice, pouze stfepy = jety. Problém tohoto ptistupu spociva v ptivodu modulii z

extradimenzionalnich modi gravitonu. Takové moduly se chovaji jako gravitace — a gravitace
je zdaleka, zdaleka, zdaleka, vnitiné nejslabsi ze vSech sil. Gravitace je tak neuvétitelné slaba
sila, Ze kdyz vlozite mali¢ek do krouzku na klice a zvednete krouzek a jeho klice, jste schopni
vytahnout krouzek proti gravitacni sile celé Zemé. To ukazuje, jak mimotadné slabé jsou
interakce gravitacni sily ve srovnani s jakymkoli elektrostatickym efektem, ktery vyuziva
nase téla a svaly. Gravitacni sila je proto pfili§ slabé na to, aby mohla byt zkoumana pfimo na
jakémkoli urychlovagi éastic. Castice, jejichz interakce jsou, alespoit moralné, gravitaéni, by
nikdy nemohl produkovat ani LHC béZici na plnou intenzitu od dob Stonehenge do
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soucasnosti. Jejich interakce jsou mnohem slabsi neZ neutrina — kterd, jak je znamo, mohou
prochazet celou Zemi, aniz by interagovala s jakoukoli hmotou v cesté. Takze — co mliizeme
délat? Mozna mohou existovat dal$i dimenze a moduly, ale mozna je nikdy nemiizeme
pozorovat? Pokud sraze¢ nikdy nemiize vytvotit takové Castice nebo dosahnout energii
potiebnych k rozliSeni extra dimenzi, existovaly by vzdy jako néjaka forma neptistupného
jiného stinového svéta, ktery bychom ve skutecnosti nikdy nemohli detekovat? Ale jesté neni
Cas oddavat se naSim nejhor$im obavam. Je pravda, Ze pfi tak slabé interakci by bylo v prvni
fad¢ velmi tézké vytvorit moduly. Ma to vsak pozitivni protéjsek — jakmile by byly vyrobeny,
moduly by také Zily dlouhou dobu. Cim slabsi jsou interakce, tim hiife se ¢astice rozpada.
Castice, které interaguji prosttednictvim silné sily, jsou snadno vytvoteny — ale obvykle se
rozpadaji za dobu zivota mnohem méné nez miliardtinu miliardtiny sekundy, zatimco
ekvivalentni ¢astice, jejichZ jediné interakce byly pii gravitacni sile, mohly mit zivotnost
meéienou v letech. K jejich vyrobé bychom ale potiebovali extrémni podminky. A
nejextrémnéj$i podminky v historii vesmiru nastaly v jeho prvnich okamzicich. Hledani
dikazii na pocatku casu. Na pocatku se véfilo, ne-li zcela jist€ zndmo, Ze vesmir prosel
obdobim kosmologické inflace. Jeho velikost rostla jak rychle, tak exponencidlné v extrémné
kratkém casovém obdobi. Je t€Zké piecenovat rychlost tohoto riistu — skute¢né se véfi, Ze jen
v inflac¢ni epose vesmir zdvojnasobil svou velikost pfiblizn¢ osmdesatkrat. Béhem doby
krat$i, nez by svétlo potfebovalo k pfechodu z jednoho konce atomového jadra na druhy, a

(07)- length corresponding to the size of that atomic nucleus would have grown to a size far
larger than that of the earth. At the end of the inflationary epoch, the enormous energies
present in the universe were transferred away from the energy of the inflation into particles:
both making them, and flooding them with energy. At the immediate end of inflation, the
result is an enormously energetic soup with, potentially, many different types of particles.
And these energies present during inflation are associated with space and geometry itself. In
Einstein’s theory of relativity, geometry and gravity are almost one and the same — and
moduli are the particle excitations of geometry, or at least of the geometry of the extra
dimensions. If moduli do exist, when inflation ends and the inflationary energy is transferred
to particles, it would be natural for at least some of this inflationary energy to be transferred to
the moduli. These share in the post-inflationary bounty: they are made, they exist and they
would form some part of the maelstrom of particles in which the energy of the universe is
deposited straight at the end of the inflationary epoch. And it is here that the long, long
lifetimes of the moduli matter. Moduli would live much longer than other particles, and so if
this scenario is true they would, in time, come to dominate the energy density of the universe.
Eventually, for a moment, almost all the energy of the universe would be in the form of
moduli. You can think of this a bit like a hammer striking a great bell. When first struck, the
bell rings with the rich deep sound that comes from the many harmonics and overtones
present in the bell resonating at once. But as time goes on, the higher harmonics decay and
can no longer be heard. Several seconds after the original strike, the notes that remain are the
longest-lasting harmonics. Likewise, in the early universe, the particles that live the longest
are those that are left when all else has decayed. Estimates predict that a yoctosecond after
the big bang most particles would have decayed - but that the moduli would last for nearly

a full microsecond. A relative eternity. By itself, this may not seem that significant. Energy is
conserved. When particles decay, their mass-energy does not disappear, but instead gets
converted to other forms of energy, in particular relativistic particles such as photons, the



quantised version of light. As our new universe expands, though, energy in the form of
relativistic waves (such as photons) dissipates rapidly. The reason for this is something called
the Doppler effect. This effect refers to how the pitch — or frequency — of waves change
depending on whether the source of the wave is moving towards us or away from us. It is
familiar from ambulance sirens. Although the siren itself operates at the same intrinsic note,
when the ambulance is driving towards us we hear the note at a higher pitch and when the
ambulance is driving away from us we hear the note at a lower pitch. How does this relate to
an expanding universe? To an observer located at some point in an expanding universe, the
expansion is like having everything move away from you. A continual growth in space itself
means that every other point in the universe is, all the time, constantly moving further away.
In these circumstances, all forms of relativistic wave energy feel the Doppler effect. As the
universe is stretched, the wavelengths are stretched, and so the frequencies — the inverse of
wavelength — all decrease. For light waves — that is, photons - the energy of the photon is
directly proportional to frequency. As the universe expands, the frequency decreases, and the
energy decreases. But for moduli, the same would not be true. Moduli would be heavy, and
their energy is associated to their mass and not to their movement. The mass-energy of a
modulus is all concentrated in the particle itself, rather than its motion. These heavy particles
are not relativistic and simply remain where they are until they decay. While the universe
expands, they stay right where they are, maintaining all their mass-energy until the point at
which they eventually decay. Meanwhile, all the other particles, which have their mass-
energy associated to their motion in the form of relativistic particle-waves, have all this
energy dissipated away due to the Doppler effect. And so - if moduli do exist, it is likely that
the universe went through a comparatively long phase just after inflation where its energy
was dominantly in the form of the mass of moduli particles. For almost a microsecond right
at the very start of the universe — the moduli had their day. They were everywhere, and they

(07)- délka odpovidajici velikosti tohoto atomového jadra by narostla na velikost mnohem
vetsi nez je velikost Zemé. Na konci inflacni epochy byly obrovskeé energie pfitomné ve
vesmiru pievedeny pry€ z energie inflace na ¢astice: jak je vytvofily, tak je zaplavily energii.
Na okamzitém konci inflace je vysledkem enormné energeticka polévka s potencialné mnoha
riznymi typy €astic. A tyto energie pfitomné béhem inflace jsou spojeny s prostorem a
geometrii samotnou. V Einsteinové teorii relativity jsou geometrie a gravitace témét jedno a
totéZ — a moduly jsou excitace ¢astic geometrie, nebo alespoil geometrie extradimenzi. Pokud
moduly existuji, kdyz inflace skon¢i a inflacni energie se pfenese na ¢astice, bylo by
pfirozené, aby se alespon Cast této inflacni energie pienesla na moduly. Ty se podileji na
postinflaéni odméné¢: jsou vyrobeny, existuji a tvofily by néjakou cast viru ¢astic, ve kterém je
energie vesmiru uloZena pfimo na konci inflacni epochy. A pravé zde zalezi na dlouhé,
dlouhé Zivotnosti moduli. Moduli by zili mnohem déle nez jiné Castice, a pokud je tedy tento
scénaf pravdivy, Casem by ovladly energetickou hustotu vesmiru. Nakonec by na okamzik
byla témé&f veskera energie vesmiru ve form€ moduld. MiiZete si to predstavit trochu jako
kladivo udeftici do velkého zvonu. Pfi prvnim uderu zvon zazvoni bohatym hlubokym
zvukem, ktery pochézi z mnoha harmonickych a podtont pfitomnych ve zvonu rezonujicich
najednou. Ale jak cas plyne, vyss§i harmonické slabnou a jiz nejsou slySet. Neékolik sekund po
ptvodnim uderu jsou tony, které zistanou, nejdéle trvajici harmonické. Podobné v raném
vesmiru castice, které ziji nejdéle, jsou ty, které zbyly, kdyz se vSe ostatni rozpadlo. Odhady
predpovidaji, Ze yoktosekundu po velkém tfesku by se vétSina Castic rozpadla - ale moduly by



vydrzely témét celou mikrosekundu. Relativni vécnost. Samo o sobé¢ se to nemusi zdat tak
vyznamné. Energie se Setfi. KdyZ se ¢astice rozpadaji, jejich hmotnostni energie nezmizi, ale
misto toho se pfeméni na jiné formy energie, zejména relativistické castice, jako jsou fotony,
kvantovana verze svétla. Jak se na$ novy vesmir rozpind, energie ve formé relativistickych vin
(jako jsou fotony) se rychle rozptyli. Dlivodem je néco, ¢emu se fika Dopplertv jev. Tento
efekt se tyka toho, jak se vyska — nebo frekvence — vin méni v zavislosti na tom, zda se zdroj
viny pohybuje smérem k ndm nebo od nés. Je zndma ze sirén sanitky. Pfestoze siréna sama
funguje na stejném vnitinim tonu, kdyz sanitka jede smérem k nam, slySime ton ve vysSim
tonu, a kdyz sanitka jede od nas, slySime ton nizsi. Jak to souvisi s rozpinajicim se vesmirem?
Pro pozorovatele, ktery se nachédzi v né¢jakém bod¢ rozpinajiciho se vesmiru, je rozpinani jako
kdyby se od vas vSechno vzdalovalo. Neustaly rast vesmiru sdm o sobé znamena, ze kazdy
dalsi bod ve vesmiru se neustale vzdaluje. Za téchto okolnosti vS§echny formy relativistické
vlnové energie pocit'uji Dopplertiv jev. Jak se vesmir natahuje, vinové délky se natahuji, a tak
se frekvence — ptevracena hodnota vinové délky — vSechny snizuji. U svételnych vin — tedy
fotonil — je energie fotonu ptfimo umeérna frekvenci. Jak se vesmir rozpind, frekvence klesa a
energie klesd. Ale pro moduly by totéZ neplatilo. Moduly by byly t€Zké a jejich energie je
spojena s jejich hmotou a ne s jejich pohybem. Hmotnost-energie modulu je cela soustfedéna
v Castici samotné, spiSe nez v jejim pohybu. Tyto tézké Castice nejsou relativistické a
jednoduse zustavaji tam, kde jsou, dokud se nerozpadnou. Zatimco se vesmir rozpina,
zlstavaji tam, kde jsou, a udrzuji si veskerou svou hmotnou energii az do bodu, kdy se
nakonec rozpadnou. Mezitim vSechny ostatni ¢astice, jejichzZ hmotnostni energie je spojena s
jejich pohybem ve formé relativistickych ¢asticovych vin, maji veskerou tuto energii
rozptylenou diky Dopplerovu jevu. A tak - pokud moduly existuji, je pravdépodobné, Ze
vesmir prosel pomérné dlouhou fazi tésné po inflaci, kdy jeho energie byla dominantné ve
forme hmoty modult ¢astic. Témét na mikrosekundu hned na samém pocéatku vesmiru —
moduli méli sviij den. Byli vSude a oni

(08)- dominated - almost all the energy of the universe in the form of quantum excitations of
extra dimensions. Were this to be true, such an epoch would change detecting moduli — the
extremely weakly interacting imprint of extra dimensions — from the outer realms of the
impossible into a more conventional hard physics problem. So - how? How could we detect
evidence for this microsecond of moduli dominance? The answer could lie in their eventual
decay. Even though their gravitational-strength interactions give them longer lives than

other particles, moduli do eventually decay, their mass-energy draining away into relativistic
Standard Model particles, the Hot Big Bang of the early universe....and also, potentially,
non-Standard Model particles. Gravity is universal, and loves everything. One example of
such non-Standard Model particles — believed but not known to exist — are axions. If

a modulus particle were to decay to two axions, they would each receive half the mass-
energy of the modulus and then proceed through space at close to the speed of light. Axions
are light, effectively massless and also interact very weakly. Though not predicted to be quite
as weakly interacting as moduli, their interactions are weak enough that any axions produced
this way in the early universe would free-stream from then to now. Decays of moduli could
therefore have produced a permanent cosmic background of relativistic axions streaming
through the universe. This would be hard to detect - one analogous weakly interacting
universe-wide particle bath is the cosmic neutrino background, which despite there being an
estimated 300 or more of in every cubic centimetre, scientists across the globe still struggle to



detect one or two of each year across multiple experiments. But it would not be impossible.
Within large magnetic fields, axions have a chance — a small chance, but a chance — of
converting into photons. Such a universal cosmic background of axions, originating from
the physics of moduli, the quantum excitations of extra dimensions, may then — in principle —
be detected by converting the axions into photons within magnetic fields. Careful
observations with better and larger telescopes, looking at what is apparently nothing through
magnetic fields, may in the future possibly give evidence that the early universe was once
filled with moduli, the quantum excitations of extra dimensions. Possibly — in the

future. Answers may not forever be out of reach. And so, just as Einstein’s theory of gravity
is barely a hundred years old, the prospect that it actually originates in more than four
dimensions is almost exactly a hundred years old. The idea remains tantalising, but still
theoretical. Perhaps extra dimensions really exist, and the only reason we are not able to
perceive them is that we are too large and clunky to appreciate they are there, trying in vain
to count sand grains wearing boxing gloves. Were they to exist, they would be everywhere,
present at every single point in space and time - beautifully wrapped up miniature geometry
awaiting the right microscope to discern their beauty — and their physics. Perhaps, some day,
somehow, we may know for certain whether or not they are out there,
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and whether space itself is much larger, richer, and stranger - than we ever dreamed.

(08)- dominuje - témé&f veskera energie vesmiru ve formé kvantovych excitaci extra dimenzi.
Pokud by to byla pravda, takova epocha by zménila detekéni moduly — extrémné slabé
problém. Takze - jak? Jak bychom mohli odhalit dikazy pro tuto mikrosekundu moduli
dominance? Odpovéd’ by mohla spocivat v jejich ptipadném rozkladu. Ptestoze jejich
interakce gravitacni sily jim dava del$i zivoty neZ jinym ¢asticim, moduly se nakonec
rozpadaji a jejich hmota-energie odtéka do relativistickych ¢astic standardniho modelu,
horkého velkého tfesku raného vesmiru... a také potencialné€ nestandardnich Modelové
Castice. Gravitace je univerzalni a miluje vSechno. Jednim ptikladem takovych castic
nestandardniho modelu — o kterych se véfi, ale o jejich existenci neni znamo — jsou axiony.
Pokud by se modulova ¢astice rozpadla na dva axiony, kazda by obdrZela polovi¢ni
hmotnostni energii modulu a pak by postupovala prostorem rychlosti blizkou rychlosti svétla.
Axiony jsou lehké, efektivné nehmotné a také velmi slabé interaguji. Ackoli se
nepiedpoklada, Ze budou tak slabé interagujici jako moduly, jejich interakce jsou dostate¢né
slabé na to, aby jakékoli axiony vytvorené timto zpiisobem v raném vesmiru mohly od té
doby do soucasnosti volné proudit. Rozpady modulil tedy mohly vytvofit trvalé kosmické
pozadi relativistickych axionti proudicich vesmirem. To by bylo t€zké odhalit — jedna
analogicka slabé interagujici lazen Castic v celém vesmiru je kosmické neutrinove pozadi,
které, prestoze je jich odhadem 300 nebo vice na kazdy centimetr krychlovy, védci na celém
sveéte stale bojuji s odhalenim jednoho nebo dvou z kazdého rok v nékolika experimentech.
Ale nebylo by to nemozné. V ramci velkych magnetickych poli maji axiony $anci — malou
Sanci, ale Sanci — pfeménit se na fotony. Takové univerzalni kosmické pozadi axiont,
pochazejici z fyziky moduld, kvantovych excitaci extradimenzi, 1ze pak — v principu —
detekovat pfevodem axionl na fotony v rdmci magnetickych poli. Pecliva pozorovani lepSimi
a vétsimi dalekohledy, pfi pohledu na to, co zjevné neni nic pies magnetickd pole, mohou v
budoucnu mozna podat dikaz, ze rany vesmir byl kdysi naplnén moduly, kvantovymi



excitacemi extradimenzi. Mozna — v budoucnu. Odpovédi nemusi byt navzdy mimo dosah. A
tak, stejné jako Einsteinova teorie gravitace je stara sotva sto let, vyhlidka, ze skute¢né
pochazi z vice nez Ctyt dimenzi, je témét presné sto let stard. MySlenka ziistava vzrusujici, ale
stale teoretickd. Mozna extra dimenze skuten¢ existuji a jediny diivod, pro¢ je nejsme
schopni vnimat, je ten, ze Ze extra dimenze nad 3+3D jsou matematickymi dimenzemi

‘S extra kf'ivostﬂ a jsou stavebnimi kameny elemtarnich castic hmoty... jsme pfili§ velci a
neohrabani, abychom si uvédomili, Ze tam jsou, a marné se snaZime spocitat zrnka pisku v
boxerskych rukavicich. Pokud by existovaly, byly by vSude, a taky jsou, jsou ve hmot¢ ...
http://www.hypothesis-of-universe.com/index.php?nav=e ptitomné v kazdém jednotlivém
bod¢ prostoru a ¢asu — _ ano, jsou to balicky, klubicka
kiivych dimenzi = elementarni ¢astice http://www.hypothesis-of-
universe.com/docs/ec/ec_047.pdf ; http://www.hypothesis-of-universe.com/docs/c/c_455.jpg ;
http://www.hypothesis-of-universe.com/docs/c/c_427.gif ; http://www.hypothesis-of-
universe.com/docs/c/c_426.jpg ; http://www.hypothesis-of-universe.com/docs/c/c_421.qgif ;
¢ekajici na spravny mikroskop, ktery rozezna jejich krasu — a jejich fyziku. Mozna, ze
jednoho dne, n¢jak, mizeme s jistotou védét, zda jsou nebo nejsou tam venku,
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a zda je samotny prostor mnohem vétsi, bohatsi a podivnéj$i — neZ jsme kdy snili.

JN, 13.09.2024
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