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(01)- [Music] hello and welcome to our segment on the higgs boson i remember back in
high school a long time ago when we were learning about magnetism i was particularly
impressed by what could be going on at a point here far from the actual magnet that could
move an object like an iron filing i think it was my curiosity back then that led me to the math
institute at oxford where i studied the mathematical foundations for quantum field theory
which is the theory of what's going on in this so-called empty space if we can get a deeper
understanding of the nature of force in space distant from a particle we'll have what we need
to know in order to get an understanding of the higgs boson [Music] we saw in our first
segment the particles with electric charge create an electromagnetic field around themselves
that stretches out in all directions this field is attached to the particle it will go where the
particle goes in quantum field theory fields like these are quantized that is they contain tiny
massless energy-less bits of the field we have seen that the photon is a certain type of
disturbance an excitation or vibration in the electromagnetic field we'll call these a localized
vibrating ripple it moves with a life of its own it is not attached to the particle that created and
sustains the field the photon has no mass no charge a spin of one making it a boson and
travels at the speed of light in a vacuum in our segment on the atom we saw that energy was
quantized and equal to planck's constant times the photon's frequency [Music] now we take a
little leap if a photon is actually a localized vibrating ripple in the quantized electromagnetic
field why not consider the electron to be a localized vibrating ripple in a quantized matter
field a field that permeates all the space in the universe [Music] this is not as odd as it might
look in our first segment on the microscopic we saw the wave properties of the electron and in
the second segment on the atom we saw that its behavior is described by the schrodinger wave
equation and in our third segment on elementary particles we saw how electrons and positrons
can be materialized at any point in space what's happening is that the photon has disturbed the
electron field to the point that it generates the kinds of waves that constitute electron particles
a convenient way to illustrate elementary particle interactions is to use feynman diagrams
invented by richard feynman in 1948 straight lines are for fermions squiggly lines are for
forced particles bosons and the back arrow on a fermion indicates an antiparticle this is what
quantum field theory is all about these fields generate particles you can't have a particle
without a field and every field will have its particle elementary bosons force particles require
force fields elementary fermions matter particles require matter fields in modern physics there
is no such thing as empty space fields pervade space they are a condition or property of space
you can't have space without fields [Music] here's a couple of examples of how this
electromagnetic force works when two electrons approach each other their charge generates a
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disturbance in the electromagnetic field this disturbance pushes them apart and their paths are
bent outward the same is true if an electron and a positron pass near each other the
disturbance in this case is similar in type but different in its details with the result that the
oppositely charged electron and positron are attracted to each other their paths are bent inward
here's the feynman diagram for an electron electron interaction with a photon field mediates
the force that changes the momentum of the two electrons one says they exchange virtual
photons but this is just jargon the diagram is used for convenience a virtual particle is not
really a particle at all a particle is a nice regular ripple in a field one that can travel smoothly
and effortlessly through space this virtual particle is a disturbance in the field that will never
be found on its own it doesn't have the energy to become a well-formed ripple moving
through space this kind of disturbance will decay or break apart once its cause is gone

[Music] this kind of interaction between the electromagnetic field and the electron field is
important because the force that the two charged particles exert on each other is generated by
this interaction this force is one of the four fundamental forces in nature they are characterized
by a coupling constant the coupling constant for the electromagnetic force is 1 over 137 we
will use the electromagnetic force as a model for the strong and weak nuclear forces the
complete picture of what is going on with electromagnetism is still an area of active research
called quantum electrodynamics

(01)- [Hudba] ahoj a vitejte v nasem segmentu o Higgsové bosonu. Pamatuji si to kdysi
davno na stredni $kole, kdyz jsme se ucili o magnetismu, zvlast’ na mé zapasobilo, co se
mohlo odehravat v misté daleko od skute¢ny magnet, ktery mohl pohybovat predmétem jako
zelezné piliny. Myslim, Ze to byla moje zvédavost, kterd me tehdy privedla do matematického
institutu v Oxfordu, kde jsem studoval matematické zaklady kvantové teorie pole, coz je
teorie toho, co se dé&je v tomto tzv. co nazyvame prazdny prostor, (,,viici® vakuum) pokud
dokazeme hloubé&ji porozumét povaze sily ve vesmiru vzdaleném od castice, budeme mit to,
co potiebujeme védét, abychom pochopili Higgsuv boson ktery jsme vidéli v naSem prvnim
segmentu. Céstice s elektrickym nabojem vytvateji kolem sebe elektromagnetické pole, které
se rozprostira ve vSech smérech ; toto pole je pripojeno k ¢astici ; pajde tam, kam castice jde v
kvantové teorii pole, jako jsou tato pole jsou kvantovana, to znamend, Ze obsahuji drobné
nepatrné bezhmotné kousky pole bez energie. Vidéli jsme, ze foton je ur¢itym typem poruchy
excitace nebo vibrace v elektromagnetickém poli, budeme je nazyvat lokalizované vibraéni
vInéni,(vinéni ¢eho ?) pohybuje se vlastnim zivotem to neni ptipojeno k ¢astici, ktera
vytvoftila a udrzuje pole, foton nema Zadnou hmotnost, Zadny naboj, rotace jedné ¢ini z ngj
boson a pohybuje se rychlosti svétla ve vakuu v naem segmentu na atomu, ktery jsme vidéli,
7e energie byla kvantovana a rovna Planckova konstanta krat frekvence fotonu [Hudba] Nyni
udélame maly skok, pokud je foton ve skutec¢nosti lokalizovanym vibrujicim vinénim v
kvantovaném elektromagnetickém poli, [pro¢ nepovazovat elektron za lokalizované vibrujici
vInéni v poli kvantované hmoty, pole, které prostupuje vSechny prostor ve vesmiru Vidim, Ze
fyzikové stale vice uvazuji o tom, ze hmota-elementy jsou ,,jakymsi vinénim néceho®, tedy
stale se fyzikové blizi mé vizi HDV, Ze hmotové Castice jsou ,.klubickem svinutych dimenzi*
veli¢in ,,Délka a Cas“. Prosté ,pole® jisty stav kiivosti 3+3 dimenzi, vnémz ,,plavou* ,,zrnka*
tedy klubicka téchze sbalenych dimenzi 3+3 toho Casoprostoru. Prosté v casoprostoru plavou
dalsi a dalsi stavy rlizn¢ zakiivenych stavii poli a v nich ,,zrnka“ = klubicka sbalenych
dimenzi ( fotony v ,.kvantovaném elektromagnetickém poli, nebo elektrony v jiném poli
jakozto — jak piSe zde autor : ,,proc¢ nepovazovat* — lokalni vibrujici vinéni za sbalené balicky,
prosté je to bali¢ek svinitych dimenzi 3+3 Casoprostorového kontinua, které je tu ve forme
nejmensich kiivosti jako ,,sit, rastr, ptedivo. Podlozi* pro ,,plavajici* stavy dalSich a dalSich
vice kiivych stavii téhoz 3+3dimenzionalniho ¢asoprostoru...vibruje stav 3+3D jako jednou




pole elektromagnetické, jindy gravitacni jindy slabé pole, jindy jako kvarkové pole, pak
higgs-pole > jsou to stéle stavy s riznou ktivosti dimenzi, které plavou ,,samy v sobé&*.

Ja nechapu, Ze se tim fyzikové nezabyvaji, a ani to nectou ( dokonce imysIné nectou), ze
,»pole* mohou byt rizné kiivé stavy L, TEHOZ* Casoprostoru a némz ,,plavou” elementarni
Castice ( fotony, elektrony, miony, neutrina, atd. atd. jakozto ,,bali¢ky* svinutych dimenzi t é
h o z Casoprostoru. ) . Cozpak je ta HDV tak strasn¢ velka ,,giganticka fantasmagorie* jak mé
nadavaji a velmi velmi nechutné za to ponizuji mi oponenti ???? - - Dlivody samoziejmée
nemaji, natoz diikazy. [Hudba] To neni tak zvlastni, jak by to mohlo vypadat v naSem prvnim
segmentu na mikroskopu jsme vidéli vinové vlastnosti elektronu nevim pro¢ neni mozno
pozorovat i ,.klubicka svinutych dimenzi“ ???, pouze to jak se ,,pohupuji ve vinach* a ve
druhém segmentu na atomu jsme vid¢li, ze chovani ts je popsano schrodingerovou vinovou
rovnici jesté se nenasel ,,naslednik Schroedingera®, ktery by napsal ,,balickovou® rovnici . Ja
uz ty vize naznacil - http://www.hypothesis-of-universe.com/index.php?nav=e , kdybych

byl matematik uz daaavno by tu byla nova teorie. a v naSem tietim segmentu o elementérnich
casticich jsme vidgli, jak mohou byt elektrony a pozitrony h
, to neni ,,bod* to je ,.klubi¢ko* svinutych dimenzi ! ! ! d&je se tak, Zze foton narusil
elektronové pole do té miry, Ze generuje druhy vin, které tvoii elektronové ¢astice, rikate
,foton narusil pole Ze tim ,,jak ho narusil®, tak toto ,,naruSené* pole generuje elektrony ...ale
piece nejste slepi, hluchy a blby, vzdyt to je piesné ono : foton coby klubicko sbalenych
dimenzi kdyz ,,narazi* do pole ( kiivych dimenzi ) elektronového, zméni kiivost dimenzi pole
a vygeneruje jiny bali¢ek, jinak sbaleny balicek, tj. elektron. http://www.hypothesis-of-
universe.com/docs/eh/eh_076.pdf ; http://www.hypothesis-of-
universe.com/docs/eg/eq_045.pdf ; http://www.hypothesis-of-
universe.com/docs/eh/eh_048.pdf ; http://www.hypothesis-of-
universe.com/docs/eh/eh_069.pdf ; To vse byly mé pokusy o hledani a hledani ,,balicki‘
svinutych dimenzi pro bosony ( jistéZe to vyzni jako spekulace, ale intuice jsou pro hledani
potfebné ) vhodny zputsob, jak ilustrovat interakce elementarnich ¢astic, je pouZit
Feynmanovy diagramy vynalezené Richardem Feynmanem v roce 1948 rovné ¢ary jsou pro
fermiony klikaté ¢ary jsou pro vynucené ¢astice bosony a zpétna Sipka na fermionu oznacuje
anti¢astici. Kvantova teorie pole Homogenni euklidovsky ploché pole je holy rastr
casoprostoru.. Pokud by se kvantoval ¢p 3+3D, znamena to, Ze se plochost a homogenita méni
na ,,zvIinénost* dimenzi ¢ili na promeénnost kiivosti dimenzi...a v méfitku planckovskych
velikosti to musi byt ,,péna‘“ dimenzi, v nizZ ,,plavou‘ kvanta = shluky = balicky a...a...a ¢eho
?, no shalené dimenze do klubicek. To je ta-ona zasadni myslenka stavby elementarnich
Castic. ( myslenka, za kterou jsem Castovan magorem s gigantickymi fantasmagoriemi ) (
pokud by to byla fantasmagorie, pro¢ nepodaji padné protiargumenty ? ) je o té€chto polich
generovani ¢astic nemuzete mit ¢astici bez pole a kazdé pole bude mit svou ¢astici
elementarni bosony silové ¢astice vyzaduji silova pole elementarni fermiony ¢astice hmoty
vyzaduji pole hmoty. V moderni fyzice nic takového neexistuje prazdna vesmirna pole
prostupujici prostorem jsou podminkou nebo vlastnosti prostoru, kterou ¢ nemam prostor bez
poli A znova a znova : je-li 3+3D ¢asoprostor nektivy, je euklidovsky plochy, nevykazuje
7adna pole. Pole je pak jisté zakiiveni ,,vybranych® dimenzi z XY, z, 11, t, t3. Pro kazdé pole
jsou jiné kiivé dimenze a s jinou kiivosti ; bosony potom ,,balicky* pro tato pole tedy ,,jakoZto
chvéjici se mini-lokality* tohoto pole [Hudba] Zde je nékolik piikladu toho, jak tato
elektromagneticka sila funguje, kdyz se dva elektrony pfiblizi k sobé&, jejich naboj generuje
poruchu v elektromagnetickém poli, tato porucha je tla¢i od sebe jsou to elementarni balicky
s uréitym ,,svinutim* dimenzi a néjak nelze tato svinuti ,,do sebe zapasovat* ((( nejsem
matematik, ale chytii lidé si to dokazi predstavt ))) ; elektron s pozotromen naopak anihiluji
proto, Ze jejich kiivosti ,,se navzajem vyrusi, tj. narovnaji a ,,zbyde po nich plochy ¢p®,
anebo nevyrusi a naopak bygeneruji jiné dva opa¢né balic¢ky s jinou kiivosti zabaleni a jejich
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dréhy jsou ohnuty smérem ven. Pravda, pokud elektron a pozitron prochazeji blizko sebe,
ruseni je v tomto piipadé podobného typu, ale lisi se ve svych detailech s vysledkem, ze
opac¢n¢ nabity elektron a pozitron jsou k sob¢ piitahovany, jejich drahy jsou ohnuty dovnitt
nejen drahy po kterych se k sobé pfiblizuji, ale ,,ohnuty* = sbaleny jsou opa¢n¢ i ty dimenze
,Luvnitis elektzronu a pozitronu.. zde je Feynmanuav diagram pro interakce elektronu s
fotonovym polem zprostiedkovava silu, kterd méni hybnost dvou elektrond, jeden fika, ze si
vymeénuji virtualni fotony, ale to je jen zargon, diagram se pouziva pro pohodli, virtualni
¢astice neni ve skute¢nosti ¢astice, ¢astice je pékné pravidelné vinéni v poli, castice je

Vv hladném poli néco jako ,,zrnko* s uvniti sbalenymi-zabalenymi dimenzemi které muze
hladce a bez namahy cestovat vesmirem, tato virtualni ¢astice je narusenim pole, které se
nikdy nenajde samo o sob¢é nema energii na to, aby se stalo dobie utvaienou vinou pohybujici
se prostorem, tento druh naruseni se rozpadne nebo se rozpadne, jakmile pomine jeho piicina
[Hudba] Tento druh interakce mezi elektromagnetickym polem a polem elektronu je dulezité,
protoze Sila, kterou na sebe dvé nabité ¢astice ptisobi, je generovana touto interakci tato sila je
jednou ze ¢étyr zakladnich prirodnich sil, i sily jsou defacto ,,projevem kiivosti® dimenzi
casoprostorovych ( 3+3 ) které jsou charakterizovany vazebnou konstantou vazebna konstanta
pro elektromagnetickou silu je 1 pies 137 ??

konstanta jemné struktury o e2/4zeohic = 7,29735x1073 =~ 1/137

Je to tak ? pouzijeme elektromagnetickou silu jako model pro silné a slabé jaderné sily Gplny
obraz toho, co se déje s elektromagnetismem, je stale oblasti aktivniho vyzkumu zvaného
kvantova elektrodynamika ,,co® je tim kvantem v té , kvantované* elektrodynamice ?? ..;mél
by to byt - jak tomu rozumim - onen ,,balicek-vinobali¢ek™ presentujici se a chovajici se jako
elementarni castice.

(02)- or ged for short in quantum electrodynamics electrons are the central matter particle for
the electromagnetic force using this as a model and data from thousands of high energy
scattering and collision experiments over the last 25 years we have come to understand that
quarks are the central matter particle for the strong nuclear force we have seen that an electron
is a vibrating ripple in the electron matter field [Music] similarly a quark is a vibrating ripple
in the cork matter field electrons carry the electric charge that generates an electromagnetic
force field quarks also carry electric charge so they too generate an electromagnetic force
field although with only one-third to two-thirds of a charge their electromagnetic force field is
weaker than the electrons but it turns out they also carry a different kind of charge we call
color charge this charge generates a gluon force field this is a significant difference and we'll
cover it in more detail shortly we have seen that an accelerating electron creates a vibrating
ripple in its electromagnetic field called a photon similarly an accelerating quark creates a
vibrating ripple in its gluon field called a gluon and like photons gluons are massless spin-one
particles making them bosons and where photons can accelerate electrons gluons can
accelerate quarks and where an energetic photon can create an electron anti-electron or
positron pair an energetic gluon can create a cork anti-cork pair and where interacting
electrons disturb the electric field in a way that creates virtual photons that exert the force of
the electromagnetic field the em force interacting quarks disturb the gluon field in a way that
creates virtual gluons that exert the force of the gluon field the strong nuclear force note that
the em force can be attractive or repulsive depending on the charge but the strong force is
always attractive so we can now add the gluon to our standard model of particle physics one
of the key differences between the em force and the strong force is that the em force involves
an electromagnetic force field whereas the strong force involves a gluon force field you'll
recall from our previous chapter on elementary particles the quark theory predicted the
existence of the omega particle which was eventually discovered one of the particle



configurations turned out to have three strange quarks [Music] like two electrons in the
ground state orbital for atoms this presented a problem these are fermions and follow the pauli
exclusion principle so an extra property was needed to explain the combinations for electrons
it was spin with two values up or down for quarks it was color charge with three values red
blue or green the fact that no charge has ever been seen in the mesons and hadrons made from
quarks indicates that the three charge colors neutralize each other in these configurations this
led to the idea to use red green and blue because they neutralize each other when combined
our rule for allowing quark combinations was that they had to add up to a whole unit of
electric charge we can now add the rule that they have to add up to no color charge at all
another even more dramatic difference is that gluons carry color charge as well as quarks
where quarks carry a red green or blue charge gluons carry two charges one is a color and the
other is an anti-color here's an example of how this works we have two quarks one with a
green charge and another with a blue charge when the green quark disturbs the gluon field it
creates a gluon this gluon carries away a green charge and an anti-blue charge this turns the
green quark blue when the gluon encounters a blue cork it is absorbed and the gluons anti-
blue and green charge turns the blue cork green the actual functioning of the cork gluon
relationship follows the mathematical model called su-3 the math was invented in the late
1800s and was the foundation for today's abstract algebra a hundred years later it turned out to
be very useful for particle physics but using color is quite helpful in fact the study of quarks
gluons and their color charges is called quantum chromodynamics or qcd for short it is a very
active area of research and changes in our understanding are expected as we learn more our
very idea of what a proton looks like has now shifted from a point particle to a three-part
particle to a whirlwind of elementary particle activity in fact it is very difficult to distinguish
between the disturbances that represent virtual particles and disturbances that represent actual
particles in a plasma like this but for our purposes we can view a proton as a cloud of gluons
holding three quarks together

(02)- nebo zkracené QED v kvantové elektrodynamice elektrony jsou centralni balicky
shalenych dimenzi ¢astice hmoty pro elektromagnetickou silu, pouzivame to jako model ¢ili
klidn€¢ mizu mit pravdu, Ze to jsou ,,bali¢ky sbalenych svinutych dimenzi* a data z tisict
experimentt s rozptylem vysokych energii a kolizemi za poslednich 25 let, jak jsme
pochopili, ze kvarky jsou centralni ¢astice hmoty http://www.hypothesis-of-
universe.com/index.php?nav=ea pro silnou jadernou silu jsme vid¢li, ze elektron je vibrujici
vInéni jenZe nikdo zatim nezkoumal ze muize byt elektron jako bali¢ek svinutych dimenzi

v tom poli 3+3 dimenzionalnim s uréitou kiivosti pro elm. pole v poli elektronové hmoty
[Hudba] Podobné kvark je vibrujici vinéni v poli korkové hmoty, vibrujici vinéni — fikate, ale
experimentalné to nebylo zméteno a prokdzano..., klidn€ to mize byt i ten mnou navrhovany
bali¢ek svinutych dimenzi, pro¢ ne ???? elektrony nesou elektricky naboj, naboj je
,,vlastnost” podle typu svinuti do jaké konfigurace svinuti je realizovano ktery vytvaii
elektromagnetickeé silové pole, kvarky také nesou elektricky naboj, http://www.hypothesis-of-
universe.com/docs/ea/ea_003.pdf ; http://www.hypothesis-of-
universe.com/docs/ea/ea_030.pdf a dalsi schémata v navrzich http://www.hypothesis-of-
universe.com/docs/ea/ea_026.jpg zde snad gluony (?) takze také generuji elektromagnetické
silové pole, ackoli s pouze jednou tietinou az dvéma tietinami ndboje je jejich
elektromagnetické silové pole slabsi nez elektrony, ale ukéazalo se, ze také nesou jiny druh
naboje, kterému fikame barva nabit tento naboj generuje gluonové silové pole to je vyznamny
rozdil a zanedlouho se mu budeme vénovat podrobnéji. urychlujici elektron vytvari ve svém
elektromagnetickém poli vibraéni vinéni zvané foton, podobné urychlujici kvark vytvaii
vibra¢ni vinéni ve svém gluonovém poli zvaném gluon a podobné¢ jako fotony gluony jsou
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bezhmotné ¢astice spin-one, které z nich délaji bosony a kde mohou fotony urychlovat
elektrony gluony muaze urychlovat kvarky a tam, kde energeticky foton maze vytvorit
elektronovy anti-elektronovy nebo pozitronovy par, energeticky gluon muze vytvorit
kvarkovy antikvarkovy par a kde interagujici elektrony narusuji elektrické pole zptisobem,
ktery vytvaii virtualni fotony, které vyvijeji silu kvarku. Elektromagnetické pole kvarky
interagujici s elm silou narusuji gluonové pole zpusobem, ktery vytvaii virtualni gluony, které
vyvijeji silu gluonového pole silna jaderna sila poznamka, ze em sila muze byt pfitazliva nebo
odpudiva v zavislosti na naboji, ale silna sila je vzdy atraktivni, takze nyni mizeme pridat
gluon do naseho standardniho modelu ¢asticové fyziky, coz je jeden z klicovych rozdila mezi
elm silou a silnou silou je, ze elm sila zahrnuje elektromagnetické silové pole, zatimco silna
sila zahrnuje gluonové silové pole, jak si pamatujete z nasi predchozi kapitoly o
elementarnich ¢asticich, kvarkova teorie piedpovidala existenci ¢astice omega, ktera byla
nakonec se ukazalo, ze jedna z konfiguraci ¢astic ma tii podivné kvarky
http://www.hypothesis-of-universe.com/docs/ea/ea_006.pdf [Hudba] jako dva elektrony v
zakladnim orbitalnim stavu pro atomy, coz piedstavovalo problém, jedna se o fermiony a fidi
se Pauliho vylu¢ovacim principem, takze k vysvétleni kombinaci bylo zapotiebi dalsi
vlastnosti pro elektrony to byl spin se dvéma hodnotami nahoru nebo doli pro kvarky to byl
barevny néboj se ttemi hodnotami ¢ervena modré nebo zelena skute¢nost, Ze v mezonech a
hadronech vyrobenych z kvarkt nebyl nikdy vidét zadny naboj, naznacuje, Ze tti barvy naboje
se navzajem neutralizuji v téchto konfiguracich to vedlo k mys$lence pouzit ¢ervenou, zelenou
a modrou, protoze se navzajem neutralizuji, kdyZ zkombinujeme naSe pravidlo pro Povoleni
kombinaci kvarka spocivalo v tom, Ze musely s¢itat celou jednotku elektrického ndboje, nyni
miizeme pridat pravidlo, ze nemusi s¢itat vilbec zddny barevny naboj, dalSim jesté
dramati¢téjsim rozdilem je, ze gluony nesou barevny naboj stejné jako kvarky kde kvarky
nesou cerveny zeleny nebo modry naboj, gluony nesou dva naboje, jeden je barevny a druhy
je protibarva zde je priklad, jak to funguje, méme dva kvarky, jeden se zelenym nabojem a
druhy s modrym nabojem, kdyz je zeleny kvark narusi gluonové pole vytvoii gluon tento
gluon odnese zeleny naboj a antimodry ndboj toto zméni zeleny kvark na modrou, kdyZ gluon
narazi na modry korek je absorbovan a gluony antimodry a zeleny ndboj zméni barvu na
modrou korkova zelend skute¢né fungovani vztahu korku a gluonu se fidi matematickym
modelem zvanym SU-3 matematika byla vynalezena koncem 19. stoleti a byla zakladem
dnesni abstraktni algebry o sto let pozdéji se ukazalo jako velmi u uzite¢né pro ¢asticovou
fyziku, ale pouziti barev je docela uzite¢né, ve skute¢nosti se studium kvarka gluont a jejich
barevnych naboja nazyva kvantova chromodynamika nebo zkracené QCD, < Tento vyklad
celého odstavce nekomentuji, protoZze ho mam vedeny samostatné jako stavbu elem. ¢astic

z dimenzi ¢asoprostorovych — viz HDV http://www.hypothesis-of-
universe.com/docs/ea/ea_006.pdf je to velmi aktivni oblast vyzkumu a ocekavame zmeény v
naSem chapani, jak se dozvidame vice. Piedstava o tom, jak proton vypadé, se nyni posunula
z bodové ¢astice na tiidilnou ¢astici do viru aktivity elementéarnich ¢astic ve skutecnosti je
velmi obtizné rozliSit mezi poruchami, které predstavuji virtualni ¢astice, a poruchami, které
piedstavuji skutec¢né castice v plazma jako je tato, ale pro nase ucely mazeme proton vidét
jako oblak gluont drzicich tri kvarky pohromade a opct se vize fyziki neodchyluje
vyznamné od HDV — naopak, ten ,,oblak* bude dozajista ,,klubko sbalenych dimenzi* 3+3
casoprostorovych velicin.

(03)- [Music] another significant difference between the em force and the strong force is that
the coupling constant for the strong force is 137 times stronger and most importantly where
the e m force decreases with distance the strong force increases with distance as the distance
between quarks grows to the diameter of a proton the strength of the force approaches 18 tons
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imagine 18 tons focused on such a tiny spot this makes it virtually impossible to separate
quarks in fact with a force that strong the energy it takes to separate two quarks in a hadron is
greater than the energy it takes to create two new quarks so before we reach separation
energies new quarks are created instead these new quarks immediately combine to create new
hadrons one last item on the strong force answers the question i raised at the end of our
segment on the atom what holds the protons together in the nucleus in 1934 the japanese
physicist haraki yakawa made the earliest attempt to explain the nature of the nuclear force
according to his theory a particle was being shared between nucleons like molecules share
electrons between atoms to bind them together he even calculated the mass of this particle we
now know as a pion the shared particle is attached to both protons the situation is similar to
two people pulling on a ball each person exerts a force on the ball and the effect is as if each
exerted a force on the other here's a two proton example of how we think it works first in one
of the protons an energetic gluon spontaneously creates a down quark anti-down quark pair
next the pion drifts into the other proton and the anti-down quark annihilates a down quark
leaving the other down quark to take its place the diameter of a proton is 1.662 femtometers at
a separation of less than a half a centimeter the nuclear force is repulsive this prevents
nucleon collapse it then becomes attractive over a short range peaking at 1.3 femtometers with
a force much stronger than the electromagnetic repulsion and it becomes negligible by around
three femtometers where the electromagnetic repulsion takes over the proton is key to helping
us understand the origin of mass the only stable elementary particles in the proton with mass
are the two up quarks and one down quark their tiny masses constitute only one percent of the
mass of the proton 99 comes from the energy of the fields and motion of the moving parts
following the famous e equals m ¢ squared formula so it is quite accurate to say that confined
energy is the origin of mass we'll bring this point home when we get to the higgs boson the
weak nuclear force or weak interaction is responsible for radioactivity for example beta
radiation ejecting electrons and neutrinos it's the force that turns a neutron into a proton unlike
quantum electrodynamics in quantum chromodynamics there is no separate matter field that
creates a particle with a weak force charge sometimes called weak isospin or weak
hypercharge instead all fermions already have this charge including electrons quarks and
neutrinos like accelerating electrons and quarks create vibrating ripples in their respective
force fields called photons and gluons accelerating electrons quarks and neutrinos can create
vibrating ripples in the weak hypercharge field called z particles [Music] and where photons
can accelerate electrons [Music] and gluons can accelerate quarks z particles can accelerate
neutrinos and electrons and quarks because they all carry the weak charge but for the weak
hypercharge there are two additional particles called w minus and w plus like the gluon
carries color charge w minus carries a negative electric charge equal to the charge of an
electron and w plus carries a positive electric charge equal to the charge of a positron the z
particle has no charge at all they are all spin 1 particles making them bosons they are the force
particles for the weak interaction just like the photons and gluons can create matter antimatter
particle pairs the w and z bosons can create matter and antimatter particle pairs and like
interacting electrons and quarks disturb their respective force fields creating virtual photons
and gluons that exerts the force of their fields interacting particles carrying the weak
hypercharge disturb the weak hypercharge field creating virtual w and z bosons that exert the
force of the field the force can be attractive or repulsive depending on a variety of
circumstances we call it the weak force because its coupling constant is 3.3 million times
smaller than the strong force coupling constant and unlike massless photons and gluons these
particles are massive around 50 times more massive than an up quark and 160 000 times more
massive than an electron this makes the range of the weak force around 1 tenth of one percent
of the diameter of a proton all the force particles actually exert a force on their respective
matter particles but the weak force



(03)- [Hudba] Dal$im vyznamnym rozdilem mezi elm silou a silnou silou je to, ze vazebna
konstanta pro silnou silu je 137krat silngjsi badal jsem kdysi nad tim (r.1983-4 ) neobjevil
jsem nic zajimavého...ale byl jsem ,blizko*. a co je nejdulezit&jsi tam, kde elm sila klesa se
vzdalenosti, silna sila roste se vzdalenosti jako vzdalenost mezi kvarky roste na pramer
protonu, hluboka podstata bude opét v té , kiivosti®, ve zpiisobu zakiivovani dimenzi, tj. jaka
je ,,geometricka kiivka® ktera tu ,,silu® presentuje sila sily se blizi 18 tunam predstavte si 18
tun zam¢tenych na tak malou skvrnu, takze je prakticky nemozné oddélit kvarky ve
skutecnosti silou, ¢ili prakticky nelze zménit kiivost dimenzi lokality kde se nachazi ty dva
kvarky ktera je silna jako energie potiebna k oddéleni dvou kvarka v hadron je vétsi nez
energie potiebna k vytvoteni dvou novych kvarka, takze nez dosahneme separacni energie,
misto toho se vytvori nové kvarky, tyto nové kvarky se okamzité spoji a vytvoii nové hadrony
posledni polozka na silné sile odpovida na otazku, kterou jsem polozil na konci roku nas
segment na atomu, ktery drzi protony pohromadé v jadie v roce 1934 japonsky fyzik Haraki
Yakawa ucinil prvni pokus vysvétlit povahu t jaderna sila podle jeho teorie byla ¢astice
sdilena mezi nukleony jako molekuly sdileji elektrony mezi atomy, aby je spojily dohromady,
dokonce vypocital hmotnost této ¢astice, kterou nyni zndme jako pion sdilena ¢astice je
piipojena k obéma protontim situace je podobna na dva lidi, kteti tahnou za mi¢, kazdy pasobi
silou na mi¢ a efekt je, jako by kazdy vyvijel silu na druhého zde je piiklad dvou protond, jak
si myslime, Ze to funguje nejprve v jednom z protonti, energeticky gluon spontanné vytvori
down kvark anti-down kvarkovy par vedle pionu driftuje do druhého protonu a anti-down
kvark anihiluje down kvark, pticemz na jeho misto zanecha druhy down kvark, pramér
protonu je 1,662 femtometra pti vzdalenosti mensi nez a pal centimetru je jaderna sila
odpudiva, zabranuje kolapsu nukleonu, pak se stava atraktivnim na kratkou vzdalenost s
vrcholem na 1,3 femtometru se silou mnohem silng;jsi nez elektromagnetické r epulze a stava
se zanedbatelnou asi o tfi femtometry, kde elektromagnetické odpuzovani piebira proton, je
klicem k tomu, abychom pochopili pavod hmoty jediné stabilni elementarni ¢astice v protonu
s hmotnosti jsou dva up kvarky a jeden down kvark, jejichz nepatrné hmotnosti tvoti pouze
jedno procento hmotnosti protonu 99 pochazi z energie poli a pohybu pohyblivych ¢asti podle
slavného vzorce e se rovna mc na druhou, takze je docela presné fici, Ze omezena energie je
puvodem hmoty, kterou ptineseme tento bod domi, kdyz se dostaneme k higgsovu bosonu, za
radioaktivitu je zodpovédna slaba jaderna sila nebo slabé interakce, naptiklad beta zareni
vyvrhujici elektrony a neutrina, je to sila, kterd méni neutron na proton na rozdil od kvantové
elektrodynamiky v kvantové chromodynamice neexistuje Zadnd samostatna hmota pole, které
vytvaii ¢astici se slabym nabojem, nékdy nazyvanym slaby isospin nebo slaby hypernaboj
misto toho vSechny fermiony tady maji tento naboj véetné elektronovych kvarku a neutrin,
jako jsou urychlujici elektrony a kvarky, vytvaieji vibracni vinéni ve svych piislusnych
silovych polich nazyvanych fotony a gluony urychlujici elektrony kvarky a neutrina mohou
vytvaret vibra¢ni vinéni ve slabém hypernabojovém poli zvaném Z ¢astice [Hudba] a kde
mohou fotony urychlit elektrony [Hudba] a gluony mohou urychlit kvarky Z ¢astice mohou
urychlit neutrina a elektrony a kvarky, protoZze v§echny nesou slaby néboj, ale pro slaby
hypernéaboj existuji dvé dalsi ¢astice zvané W minus a W plus jako gluon nese barevny ndboj
W minus nese zaporny elektricky naboj rovny naboji elektronu a W plus nese kladny
elektricky naboj rovny naboji pozitronu ¢astice z nema vabec zadny naboj, vSechny jsou to
Castice spin 1, coz z nich déla bosony jsou castice sily pro slaba interakce, stejné jako fotony a
gluony, muze vytvofit par ¢astic antihmoty s bosony W a Z mohou vytvaiet pary ¢astic hmoty
a antihmoty a podobné jako interagujici elektrony a kvarky narusuji jejich piislu$na silova
pole a vytvéaieji virtudlni fotony a gluony, které pasobi silou svych poli, interagujici ¢astice
nesouci slaby hypernaboj narusuji slabé pole hypernaboje a vytvareji virtualni w a z bosont,




ktere vyvijeji silu pole, sila muze byt pfitazliva nebo odpudiva v zavislosti na raznych
okolnostech, nazyvame ji slaba sila, protoze jeji vazebna konstanta je 3,3 milionkrat mensi
nez vazebna konstanta silné sily a na rozdil od bezhmotnych fotont a gluoni tyto ¢astice jsou
hmotné ptiblizné 50krat hmotngjsi nez up kvark a 160 000krat hmotnéjsi nez elektron, takze
rozsah slabé sily je ptiblizn¢ 1 desetina procenta prameéru protonu, vSechny castice sily
skute¢né puasobi silou na jejich prislusné ¢astice hmoty, ale slaba sila

(04)- has a unique additional capability it can change one flavor of quark into another or one
type of lepton into another the idea that a force field particle can cause a matter field particle
to decay ie transform into another particle was a new one we'll use beta decay from our
radium to polonium energy experiment to help illustrate how this works the process consists
of two phases the first phase is similar to the way an electron emits a photon when it drops to
a lower energy state in an atom here a down quark drops to the lower energy up quark and
emits a w boson that carries away the energy and a full unit of electric charge the remaining
quark’s charge then goes from minus one-third to positive two-thirds making it an up cork
however the mass of the weak field quantum is so large that there is not enough energy in a
down quark quantum leap to an up quark to create a fully independent w boson instead what
is created is a virtual w boson however in the second phase because there is enough energy in
the virtual boson to create an electron and a neutrino it decays into these particles this is
possible because both the electron and the neutrino carry the weak hypercharge this is how
our radium turned into polonium in our segment on the atom [Music] because of the
significant amount of energy needed to produce these massive z and w weak force bosons it
wasn't until 1972 that the first evidence for enrico fermi's weak interaction theory was found
this event shows a neutrino electron interaction that would require a z boson it was recorded
by the gargamel bubble chamber at cern final proof came for z and w bosons when the proton
anti-proton collider was built at cern in 1983 here's the standard model with all the stable
fermions if we add the excited state versions of these fermions we get the full view all of
space is filled with matter fields they can spawn fermion particles as waves this includes all
the leptons and the quarks these particles carry one or more charges color charge
electromagnetic charge and weak hypercharge particles with a charge fill the space around
them with a force field that can spawn force particles when excited by particles that carry
their charge these are the bosons the bosons are the force carriers or mediators of all fermion
particle interactions this model has had great success in explaining observed natural behavior
at the quantum level but there was one serious problem that had to do with the mass of the
particles one way to look at it is that it didn't explain how elementary particles acquire mass
or given that we know that confined energy generates mass another way to look at the
problem is that the standard model did not explain how photons no matter how much energy
they have confined do not have mass in classical physics mass is a measure of the inertia of a
body the mass of an object causes it to resist a change in its speed or direction the greater the
mass the greater the resistance this is codified as force equals mass times acceleration in
quantum field theory on the other hand the energy of a quantum is represented by oscillations
in its field since both mass and energy are associated with oscillations in the particle field we
can simply combine einstein’s equation for mass energy and planck’s equation for wave
energy to calculate the mass of a wave the faster a particle is oscillating the harder it is to
change its direction or speed so this fits our common understanding of mass [Music] dirac
identified the oscillation of a particle between his right-handed incarnations and its left-
handed incarnations as a mechanism for fermion mass the faster the oscillations the more
energetic the particle the more massive it is it might seem strange a particle changing its spin
on the fly but if you recall that particles travel as waves and spin can be viewed as a phase



shift in the wave it's not too hard to visualize we'll use electrons as an example a left-handed
spinning electron has a spin one-half and carries a weak hypercharge a right-handed spinning
electron has a spin of minus one-half and carries no weak hypercharge so for an electron to
switch from left to right it must emit a quantum of weak charge and lose a full unit of spin and
for it to switch back it must absorb a quantum of weak charge and gain a full unit of spin now
here we had a very large problem for particle physics it was understood that a derivative of
the z boson was a candidate for the electron spin and charge transition but there was no
standard model mechanism for ejecting and absorbing weak hypercharge out of the blue
where did it come from and where did the charge go in 1964

(04)- méa jedine¢nou dodatecnou schopnost, maze zménit jednu piichut’ kvarku na jinou
nebo jeden typ leptonu na jiny. Myslenka, Ze ¢astice silového pole muze zpusobit rozpad
castice pole hmoty, tj. transformace na jinou ¢astici, byla nova. Pouzije beta rozpad z naseho
experimentu s energii radia na polonium, http://www.hypothesis-of-
universe.com/index.php?nav=ef aby pomohl ilustrovat, jak to funguje, proces se sklada ze
dvou fazi, pti¢emz prvni faze je podobna zpusobu, jakym elektron emituje foton, kdyz v
atomu klesne na nizsi energeticky stav. D-kvark Klesne na U-kvark s niZ§i energii a emituje
aw boson, ktery odnese energii a celou jednotku elektrického naboje, zbyvajici kvark se poté
zmeéni z minus jedné tretiny na kladné dvé tretiny, coz z néj ¢ini up kvark, avSak hmotnost
kvantum slabého pole je tak velké, ze pii kvantovém skoku down kvarku do up kvarku neni
dostatek energie k vytvoreni pln¢ nezavislého w bosonu misto toho, co je vytvoreno, je
virtudlni w boson, ale ve druhé fazi, protoze e je dostatek energie ve virtudlnim bosonu k
vytvoreni elektronu a neutrina, které se rozpadne na tyto ¢astice je to mozné, protoze jak
elektron, tak neutrino nesou slaby hypernaboj takto se nase radium proménilo v polonium v
naSem segmentu na atomu [Hudba ] kvili zna¢nému mnozZstvi energie potiebné k vyrobé
téchto masivnich bosonii z a w slabé sily az v roce 1972 byl nalezen prvni dikaz teorie slabé
interakce enrica Fermiho, tato udalost ukazuje interakci elektroni neutrin, ktera by
vyzadovala az boson it byl zaznamenan gargamelovou bublinovou komorou v Cernu koneény
dukaz ptisel pro bosony z a w, kdyz byl v Cernu v roce 1983 postaven protonovy
antiprotonovy urychlovag, zde je standardni model se vSemi stabilnimi fermiony, pokud
piidame verze excitovaného stavu téchto fermionu. ziskejte Uplny piehled cely prostor je plny
hmotnych poli, které mohou plodit fermionove ¢astice jako viny, to zahrnuje vSechny leptony
a kvarky, které tyto ¢astice nesou jeden nebo vice naboje barevny naboj elektromagneticky
naboj a slabé ¢astice hypernaboje s nabojem vypluji prostor kolem sebe silovym polem,
které muze pii excitaci ¢asticemi, které nesou jejich naboj, zplodit silové ¢astice to jsou
bosony bosony jsou pienasece sily nebo mediatory vSech fermionovych ¢astic interakci tento
model mél velky Uspéch pii vysvétleni pozorovaného prirozeného chovani na kvantove
darovni, ale byl tu jeden vazny problem, ktery mél co do ¢inéni s hmotnosti ¢astic, jeden
zpusob, jak se na to podivat, je ten, Ze nevysvétluje, jak elementarni ¢astice ziskavaji
hmotnost hmotnost je ,,vlastnost* kazdé elementarni ¢astice a plyne z topologicky jednotné
provedené konfigurace ,,balickovani* pro vSechny ¢astice nebo vzhledem k tomu, ze vime, Ze
omezend energie generuje hmotu, ?? hmotu nebo hmotnost ?? Energie nemtze generovat
,hmotu“ jiny zpusob, jak se na problém podivat, je ten, Ze standardni model nevysvétlil, jak
fotony ( bez ohledu na to, kolik energie maji omezenou ), nemaji hmotnost
http://www.hypothesis-of-universe.com/docs/f/f 008.pdf -
Pythagorova véta o energii E? = p? .c2 + mo? .c*. At?/t?

m.V.Xe = mo.c%.tc. tc/ty
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http://www.hypothesis-of-universe.com/docs/f/f_010.pdf ; http://www.hypothesis-of-
universe.com/docs/f/f_039.pdf v klasické fyzice, hmotnost je mirou setrvacnosti ??? to neni
dokonaly poznatek télesa, jehoz hmotnost zptisobuje, Ze odolava zméné sve rychlosti nebo
smeéru, ¢im vetsi hmotnost, tim vétsi odpor je kodifikovano jako sila se rovna hmotnost krat
zrychleni. V kvantové teorii pole na druhé stran¢ je energie kvanta reprezentovana oscilacemi
v jeho poli, protoze jak hmotnost, tak energie jsou spojeny s oscilacemi v poli ¢astic, mizeme
jednoduse zkombinovat Einsteinovu rovnici pro energii hmoty a Planckovu rovnici pro
vinovou energii vypocitat hmotnost viny, ¢im rychleji ¢astice kmita, tim tézsi je zmeénit jeji
smér nebo rychlost, takze to odpovida nagemu b&znému chapani hmotnosti [Hudba] Dirac
identifikoval oscilaci ¢astice mezi svymi pravorukymi inkarnacemi a jeho levotogive
inkarnace jako mechanismus pro fermionovou hmotu, ¢im rychlejsi jsou oscilace, tim je
castice energetic¢téjsi, tim je hmotné&jsi, mize se zdat divné, ze ¢astice meni svuj rotaci za letu,
ale pokud si vzpomenete, ze castice se pohybuji tak, jak se viny a rotace mohou byt vidén
jako fazovy posun ve vIng neni ptilis tézké si to piedstavit, pouzijeme elektrony jako ptiklad
levotocivy rotujici elektron ma jako spin jedna polovina a nese slaby hypernaboj ; pravotocivy
rotujici elektron mé spin minus jedna polovina a nenese zadny slaby hypernaboj, jak to zjistili
? takze : aby se elektron prepnul zleva doprava, musi emitovat kvanta slabého naboje a
ztratit celou jednotku rotace a aby se prepnula zpét, musi absorbovat kvantum slabého néboje
a ziskat celou jednotku rotace. Co to je ,.kvantum‘ naboje ? Z ¢eho je naboj ? Nyni zde
mame velmi velky problém pro ¢asticovou fyziku, bylo jasné, Ze derivat bosonu Z byl
kandidatem na elektronovy spin a pirechod néaboje, Co to je ? ale neexistoval zadny
standardni modelovy mechanismus pro vypuzeni a pohlceni slabého hypernéboje z ¢ista
jasna, odkud se vzal a kam se naboj v roce 1964 podél ?

(05)- n order to resolve this problem francois englert robert brought peter higgs and others
proposed a new field that permeated all of space now called the higgs field they proposed that
this field contained a condensate of weak charge a condensate has the property that adding to
it or subtracting from it leaves it the same a particle carrying weak charge could use a weak
charged virtual z boson to move the charge to this condensate without noticeably changing the
field and it could use the same z boson mechanism to absorb a weak charge from the
condensate without noticeably changing the field this was called the higgs mechanism with
the higgs mechanism an elementary particle that carries a weak hypercharge can oscillate and
therefore has mass electrons neutrinos and quarks all carry this charge and interact with the
higgs field so they can oscillate and therefore they have mass photons don't carry weak
hypercharge and therefore they cannot interact with the higgs field and therefore they cannot
oscillate and therefore no matter how much energy they may have they have no mass the
process is a little different from particle to particle and physicists use subtler concepts of
durality* gauge symmetry and symmetry breaking but this is the basic idea you'll note that the
particles that interact with the higgs field are not slowed down the higgs field is not like
molasses if the higgs field slowed particles down in any way objects in motion would no
longer remain in motion this is not what we see in the real world here's one more important
idea about mass the reason the masses are different for different particles is that the coupling
strength of the interaction with the higgs field is stronger for some particles than others
increasing the coupling strength is like increasing the stiffness of the spring in a harmonic
oscillator it has the effect of increasing the oscillator's frequency and we have already
determined that if we increase a particle’s oscillation frequency we increase its mass now we
can ask what is a higgs boson we have learned that under the right circumstances excited
fields generate particles this also applies to the higgs field if it exists it has an associated
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particle that particle is called the higgs boson so working in reverse if we can find the higgs
boson we'll have strong evidence that the higgs field exists and the higgs mechanism is real
and the standard model of particle physics is correct quantum field theory predicts that this
particle's mass should be around 125 giga electron volts with zero spin called a scalar boson
note that all the other force particle bosons the photons gluons w and z bosons at a spin of one
and are called vector bosons this large mass around 133 times more massive than a proton
makes it difficult to form one it takes a great deal of energy at the time the higgs boson was
proposed no existing accelerator could do the job this is why the large hydron collider at cern
was built this large hadron collider or Ihc for short is the world's largest and most powerful
particle accelerator here's how it works using hydrogen with the electrons removed proton
packs containing billions of protons are accelerated down a linear accelerator like we saw at
slack the first booster accelerates the protons to 91.6 percent of the speed of light the protons
are then flung into the proton synchrotron they circle here for 1.2 seconds reaching 99.9
percent of the speed of light the protons are then channeled into the super proton synchrotron
here they are accelerated to the point where they can enter the large hadron collider here there
are two pipes that carry the proton beams in opposite directions each beam is accelerated to 7
tera electron volts that's 7 trillion electron volts and because they are traveling at each other
the total energy of a collision is 14 trillion electron volts this ought to be enough to kick the
higgs field into producing a higgs boson as the protons approach each other they are traveling
at 99.999999 of the speed of light the actual collision creates hundreds of particles that scatter
out in all directions detecting and measuring the trajectories momentum and energy of each of
these particles is the next big step [Music] for cross-checking purposes CERN uses two main
detectors one of them is the compact muon

(05)- Aby tento problém vyftesil, Francois Englert Robert pfinesl Petera Higgse a dalsi. a
navrhli nové pole, které prostupuje celym vesmirem, nyni nazyvané Higgsovo pole, navrhli,
aby toto pole obsahovalo kondenzéat slabého naboje, co to je ?? Naboj je vlastnost hmoty,
tedy urcitych Castic, ale...ale , kondenzat™ naboje je co ??? kondenzat ma tu vlastnost, Ze
piidanim castice nesouci slaby naboj by mohla pouZit slabé nabity virtualni Z boson k
piesunu naboje do tohoto kondenzatu, aniz by znatelné zménila pole, jaké pole se neméa
zménit ? to pted ,,navrzem higgsova pole* anebo to ,,navzzené pole higgsovo™ ? a mohla by
pouzit stejny mechanismus bosonu Z k absorbovani slabého naboje Z kondenzat bez znatelné
zmeny pole, tomu se fikalo higgstuv mechanismus to je velmi nesrozumitelny vyklad s
higgsovym mechanismem elementarni ¢astice, ktera nese slaby hyperndboj, muze oscilovat, a
proto maji hmotnost oscilovanim elementu tento ,,ziskava“ hmotnost ? a odkud ? z ¢eho ? a
jak 7 a ¢im ? oscilace je ,,kouzlo* na vznik hmotnosti ? elektrony neutrina a kvarky, vSechny
nesou tento naboj a interaguji s higgsovym polem, takze mohou oscilovat a proto maji
hmotnost. Fotony nenesou slaby hypernaboj, a proto nemohou interagovat s Higgsovym
polem, a proto nemohou oscilovat, a proto bez ohledu na to, jakou energii mohou mit, nemaji
zadnou hmotnost,

proces se od ¢astice k castici trochu lisi a fyzici pouzivaji jemnéjsi koncepty symetrie méfidla
durality a naru$ovani symetrie, ale toto je zakladni myslenka, kterou si viimnete. Castice,
ktere interaguji s higgsovym polem, nejsou zpomaleny, higgsovo pole neni jako melasa,
pokud by higgsovo pole zpomalilo ¢astice jakymkoli zptisobem, objekty v pohybu by jiz
nezastaly v pohybu. Toto neni to, co vidime ve skutecném svéte. Tady je dulezitéjsi predstava
0 hmotnosti a divodem, pro¢ se hmotnosti riznych ¢astic lisi, je to, Ze vazebna sila interakce
s Higgsovym polem je u n¢kterych ¢astic silnéjsi neZ u jinych zvySeni vazebné sily je jako
zvySeni tuhosti pruziny v harmonickém oscilatoru. ma vliv na zvyseni frekvence oscilatoru a
jiz jsme zjistili, Ze pokud zvysime frekvenci oscilaci ¢astice zvétsime jeho hmotnost, a



frekvenci zvz§ime dodavkou energie ? anebo se frekvence zvysuje sama od sebe ? nyni se
muzeme zeptat, co je to higgstv boson, naucili jsme se, ze za spravnych okolnosti excitovana
pole jak vypada ,.excitované pole* ? a kdo ho excituje ? a ¢im ? generuji ¢astice, to plati i pro
higgsovo pole, pokud existuje, méa pridruzenou ¢astici, kterd se nazyva higgsiv boson, takze
funguje naopak, pokud dokazeme najit higgsuv boson, budeme mit silny dtikaz, Ze higgsovo
pole existuje a higgsuv mechanismus je skute¢ny a standardni model ¢asticové fyziky je
spravny, kvantova teorie pole ptedpovida, ze hmotnost této ¢astice ,,H* by méla byt kolem
125 giga elektronvolta s nulovym spinem zvany skalarni boson ,,H“ poznamenejme, Ze
vSechny ostatni silové ¢astice bosony fotony, gluony, W™ a Z bosony se spinem jedna a
nazyvaji se vektorové bosony tato velka hmota je asi 133krat hmotnéjsi nez proton, takze je
obtizné jeden vytvofit. Pro¢ ho vytvarite ? a pro¢ ho jednoduse v real-vesmiru nechytnete ?
..kdyz to higgs-pole je vsudypiitomné ? velké mnozstvi energie v dob¢, kdy byl navrzen
Higgsiv boson, zadny existujici urychlova¢ nemohl délat tuto praci, proto byl velky
hydronovy urychlova¢ v CERNu postaven tento velky hadronovy colllider nebo zkracené
LHC je nejvétsi a nejvykonnéjsi urychlovac ¢astic na svété, zde je ndvod, jak to funguje
pomoci vodiku s odstranénymi elektrony, protonové bali¢ky obsahujici miliardy protond jsou
urychlovany dolua linearnim urychlovacem, jak jsme vidéli u slack prvni booster urychluje
protony na 91,6 procenta rychlosti svétla jsou protony vrzeny do protonového synchrotronu,
ktery zde krouZzi po dobu 1,2 sekundy a dosahuji 99,9 procent rychlosti svétla, protony jsou
smérovany do superprotonového synchrotronu zde jsou urychleny do bodu, kde mohou
vstoupit do velky hadronovy urychlova¢ zde jsou dvé trubky, které nesou paprsky protont v
opacénych smérech, kazdy paprsek je urychlen na 7 tera elektronvoltd, coZ je 7 biliont
elektronvoltd, a protoze se vzajemné pohybuji, celkova energie srazky je 14 biliona
elektronvolta by mélo stacit, aby nakoplo higgsovo pole k produkci higgsova bosonu, kdyz se
protony k sobé piiblizuji. Pfi opétovném cestovani rychlosti 99,999999 rychlosti svétla
skute¢na srazka vytvaii stovky ¢astic, které se rozptyluji do vSech smérd, detekce a méieni
trajektorii, hybnosti a energie kazdé z téchto Castic je dalsim velkym krokem [Hudba] pro
ucely kiizové kontroly, které CERN pouziva dva hlavni detektory, jednim z nich je kompaktni
mion

(06)- solenoid or cms for short it was designed to search for the higgs boson and dark matter
the second detector is called atlas it uses different technical solutions and a different magnet
system it is seven stories high we'll take a closer look at this one the detecting components in
atlas are each designed to detect different kinds of particles pixel detector and semiconductor
tracker contain layers of silicon charged particles passing through the silicon release electrons
that flow to millions of microscopic metallic spheres under the silicon layer these are all
electronically connected to the computer that keeps track of their path the transition radiation
tracker can distinguish between different types of charged particles it contains a large number
of tubes filled with gas passing charged particles produce electrons that flow down a wire in
each tube different particles produce different currents a strong magnetic field is created
around these inner trackers the generated curves and particle paths enable us to calculate the
particle's momentum like we did at slack [Music] atlas has two calorimeters like the
calorimeter we used in the beta decay experiment they are used to measure the energy of the
transiting particles but these two don't use heating water that would take forever the
electromagnetic calorimeter measures the energy of photons and leptons like electrons and
positrons it contains many layers of lead and stainless steel that absorb the particles between
the layers is liquid argon at minus 180 degrees centigrade immersed in the liquid argon is a
copper grid passing particles drive electrons to the copper and measuring the number gives us
the energy of the particle [Music] the hydronic calorimeter measures the same for hadrons



like protons neutrons and mesons [Music] it is a large array of steel and scintillator sheets
that create photons when struck by charged particles light fibers carry the light to intensity
measuring devices the light intensity gives us a measure of the energy of the hadrons entering
the calorimeter at the outer layer is a muon spectrometer with a surface area the size of several
football fields in the attached chambers there are tubes also filled with gas [Music] the
electrons that are generated by the passing muon drift to the center this enables the system to
determine its track here are a few examples electrons plow through the inner detector leaving
a trail before stopping in the electromagnetic calorimeter photons will act the same way in the
calorimeter but they do not leave any track through the inner detector since they have no
charge protons leave a track but will most likely pass through the electromagnetic calorimeter
into the hydronic calorimeter neutrons behave in a similar way but leave no track through the
inner detector muons pass all the way through atlas leaving tracks behind in every layer and
as was the case with beta radiation neutrinos pass all the way through atlas without being
detected at all the Ihc produces a billion collisions per second that gives the particles produced
by any one collision less than a billionth of a second to clear the tunnel and pass into the
detectors but with particles traveling near the speed of light and the radius of the tube being
just over three centimeters they are all clear in 10 to the minus 10 seconds [Music] out of
hundreds of billions of particles created by a few seconds worth of collisions only a few are
massive enough to be interesting but massive particles like the higgs boson itself will decay
into lighter particles so rapidly that they never reach the detectors we cannot see them directly
but we can detect the lighter particles created by their decay we can then deduce the
originating particles by their decay signatures just like we did in the cloud chambers on
mountaintops on july 4th 2012 45 years after peter higgs proposed its existence cern
announced that one of these interesting particles created in a 2011 collision turned out to fit
the decay signature or the higgs boson here's a higgs boson decay into two photons event
recorded by atlas in 2016 that illustrates the decay mode for higgs found in the 2011 event
orange lines show the trajectories of charged particles as they passed through the inner
tracking systems the green and blue cones show jets of particles produced in the collision
[Music] the green boxes show the energy deposits in the electromagnetic calorimeter the
yellow boxes show the energy deposits in the hydronic calorimeter the longer the box the
greater the energy deposited the extremely long

(06)- solenoid nebo zkracené CMS byl navrzen pro hledani higgsova bosonu a temné hmoty
druhy detektor se nazyva ATLAS pouziva jina technicka feSeni a jiny systém magneti je
sedm pater vysoky, na ktery se podivame blize kazdy z téchto detekénich komponent v atlasu
je navrzen tak, aby detekoval riizné druhy ¢astic, pixelovy detektor a polovodic¢ovy sledovac
obsahuji vrstvy kiemikovych nabitych ¢astic prochazejicich elektrony uvoliujicimi kiemik,
které proudi do miliona mikroskopickych kovovych kuli¢ek pod vrstvou kiemiku, vSechny
jsou elektronicky propojeny k pocitaci, ktery sleduje jejich drahu, sledova¢ prechodového
zareni dokaze rozlisit rizné typy nabitych ¢astic obsahuje velké mnoZstvi trubic naplnénych
plynem prochazejici nabité ¢astice produkuji elektrony, které stékaji po draté v kazdé trubici
razne castice produkuji razné proudy a kolem téchto vnitinich sledovacu se vytvaii silné
magnetické pole ves a drahy ¢astic nam umoznuji vypocitat hybnost ¢astice, jako jsme to
udélali ve slack [Hudba] atlas ma dva kalorimetry jako kalorimetr, ktery jsme pouzili v
experimentu s rozpadem beta, pouZzivaji se k méfeni energie tranzitujicich castic, ale tyto dva
ne pouzijte ohtivaci vodu, kterd by trvala vécnost elektromagneticky kalorimetr méti energii
fotonu a leptonu jako jsou elektrony a pozitrony obsahuje mnoho vrstev olova a nerezove
oceli, které pohlcuji ¢astice mezi vrstvami je kapalny argon pii minus 180 stupnich Celsia
ponoteny do kapalného argonu je médéna miizka prochazejici ¢asticemi pohangjici elektrony



k meédi a méienim poctu ziskdme energii castice [Hudba] hydronicky kalorimetr méti totéz
pro hadrony, jako jsou protony, neutrony a mezony [Hudba] je to velké pole oceli a
scintilatoru platy, které vytvéaieji fotony, kdyz jsou zasaZeny nabitymi ¢asticemi svételna
vl&kna pienaseji svétlo do zatizeni pro méteni intenzity svétla intensity nam udava miru
energie hadronu vstupujicich do kalorimetru na vnéjsi vrstvé je mionovy spektrometr s
povrchem o velikosti nékolika fotbalovych htist’ v pfipojenych komoréch jsou trubice také
naplnéné plynem [hudba] elektrony, které jsou generované prochazejicim mionovym driftem
do stfedu, coz umoznuje systému urcit jeho stopu zde je nékolik priklada, elektrony
prochazeji vnitinim detektorem a zanechavaji stopu pred zastavenim v elektromagnetickém
kalorimetru fotony budou v kalorimetru pusobit stejnym zpasobem, ale ne nezanechavaji
zadnou stopu vnitinim detektorem, protoze nemaji zadny naboj, protony opoustéji stopu, ale s
nejvétsi pravdépodobnosti projdou elektromagnetickym kalorimetrem do hydronického
kalorimetru neutrony se chovaji podobng, ale nezanechavaji zadnou stopu vnitinim
detektorem miony projdou celou cestou atlasem zanechavaji za sebou stopy v kazdé vrstvé a
jako tomu bylo v ptipadé beta zafeni neutrina projdou celou cestu atlasem, aniz by byli g
detekovany ve v§ech LHC vytvaii miliardu srazek za sekundu, coz dava ¢asticim vytvoienym
jakoukoli srazkou méné nez miliardtinu sekundy, aby vy¢istily tunel a prosly do detektort, ale
s ¢asticemi pohybujicimi se blizko rychlosti svétla a poloméru trubice ma néco malo pres tfi
centimetry, v§echny jsou ¢&isté za 10°° sekund [Hudba] ze stovek miliard ¢astic vytvorenych
nékolikasekundovymi srazkami, jen nékolik z nich je dostatecné hmotnych na to, aby byly
zajimavé, ale masivni ¢astice jako napi. Samotny higgsiv boson se rozpadne na leh¢i ¢astice
tak rychle, Ze se nikdy nedostanou k detektoram, nevidime je piimo, ale mtzeme detekovat
leh¢i castice vytvorené jejich rozpadem, miazeme pak odvodit puvodni ¢astice podle jejich
rozpadovych znaku, stejn¢ jako jsme to udélali v oblacich komory na vrcholcich hor 4.
cervence 2012 45 let poté, co Peter Higgs navrhl jeji existenci CERN oznamil, Ze jedna z
téchto zajimavych ¢astic vznikla v roce 2011. Ukazalo se, ze llision odpovida rozpadové
znacce nebo higgsovu bosonu zde je udalost rozpadu higgsova bosonu na dva fotony
zaznamenand atlasem v roce 2016, ktera ilustruje rezim rozpadu pro higgs nalezeny v udalosti
v roce 2011 oranzové ¢ary ukazuji trajektorie nabitych ¢astic, kdyz prosly skrz vnitini
sledovaci systémy zelené a modré kuzely ukazuji vytrysky ¢astic vzniklych pii srazce
[Hudba] zelené rdmecky ukazuji usazeniny energie v elektromagnetickém kalorimetru zluté
ramecky ukazuji usazeniny energie v hydronickém kalorimetru, ¢im delsi je ramecek, tim
VEtsi je energie ulozeny extrémné dlouho

(07)- green boxes out of the bottom represent the energy deposited by the two photons
created by the higgs boson decay according to the standard model of particle physics there are
several ways for a higgs particle to form and to decay through w z and quark particles here is
a two photon one it's rare but easily identified when it happens as two colliding protons
approach each other they overlap then two highly energetic gluons collide creating a virtual
top quark and anti-top cork pair this is called gluon gluon fusion these unstable quarks quickly
decay into a higgs boson the higgs boson in turn decays into a virtual top quark and anti-top
quark they quickly decay into two high-energy photons it is the photons that were detected by
atlas [Music] in our search to find out what is actually happening at that point in empty space
outside the magnet we have learned a lot we have discovered that empty space is a complex
entity it can be stretched as seen in the expanding universe it can be bent as understood by
general relativity it's filled with various types of matter fields force fields and the higgs field
according to the standard model the elements of these fields are quantized massless and
almost energy-less and we know that empty space offers resistance to change in these fields
for example permittivity and permeability we know that with enough energy the elements of a



field can bunch up into localized particles with properties like mass spin and various types of
charges that spew out their own field elements into the empty space around them but as much
as we've discovered it feels like we're still just scratching the surface the order in the standard
model like the order in the periodic table of the elements lends itself to the theory that there is
an underlying structure yet to be discovered this along with the mysteries of dark matter and
dark energy plus the fundamental incompatibilities with general relativity also speak to a
deeper reality loop quantum gravity string theory and supersymmetry are just a few of the
candidate theories currently being explored in that vein as we approach the end of our how
small is it video book we'll take a look at the smallest that small can get in quantum
mechanics there is a minimum length called the planck length it is over 62 trillion times
smaller than a neutrino our smallest elementary particle this planck length is as many times
smaller than this dot as this dot is smaller than the visible universe theoretically it is
impossible to determine the difference between two locations less than one plank length apart
this idea takes us back to our first segment on the microscopic where we saw how light
diffraction created the same problem for optical microscopes as we pointed out at the start of
our story you can't probe a grain of sand with your finger how are we going to find out what's
happening at this plank level the level where the quantized field elements operate this is just
one of the many challenges for physicists of tomorrow it should be interesting please take a
look at the credit segment it will point to other resources for additional research thank you for
watching [Music]
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(07)- zelené ramecky zespodu predstavuji energii ulozenou dvéma fotony vytvorenymi
rozpadem higgsova bosonu podle standardniho modelu ¢asticové fyziky existuje nékolik
zpiisob, jak se higgsova castice tvofit a rozpadat prostrednictvim W* Z a kvarkovych &astic
zde je dvoufotonovy: jeden je vzacny, ale snadno identifikovatelny, kdyz se to stane, kdyz se
dva srazejici protony ptibliZi k sob¢, pekryji se a poté se dva vysoce energetické gluony srazi
a vytvori virtualni top kvark a anti-top korkovy par, tomu se tika gluon gluonova faze tyto
nestabilni kvarky rychle rozpadaji se na higgstv boson. Higgstiv boson se zase rozpada na
virtualni top kvark a anti-top kvark, které se rychle rozpadaji na dva vysokoenergetické
fotony jsou to fotony, které byly detekovany Atlasem [Hudba] pti nasem hledani, abychom
zjistili, co je skute¢né se to déje v tomto bodé v prazdném prostoru mimo magnet, hodné jsme
se naucili, zjistili jsme, Ze prazdny prostor je sloZita entita, kterou lze roztahnout, jak je
vidét v rozpinajicim se vesmiru. Byt ohnuty tak, jak ho chape obecné teorie relativity, je
vyplnéno raznymi typy hmotnych poli silovych poli a higgsovym polem podle standardniho
modelu prvky téchto poli jsou kvantovany bez hmoty a témér bez energie a vime, Ze prazdny
prostor nabizi odpor ke zménam v tato pole, napiiklad permitivita a permeabilita, vime, Ze s
dostatkem energie se prvky pole mohou shlukovat do lokalizovanych c¢astic s vlastnostmi,
jako je hmotnostni spin a rizné typy naboju, které vyvrhuji své viastni prvky pole do
prazdného prostoru kolem sebe, ale tolik jak jsme zjistili, mame pocit, jako bychom stéle jen
Skrabali na povrch, potadi ve standardnim modelu, jako je pofadi v periodické tabulce prvka,
se hodi k teorii, ze existuje zakladni struktura, ktera jeste nebyla objevena. HDV — zakladni
struktura pro Standardni model bude ( az to fyzikové pochopi ) stav 3+3 dimenzionalniho
casoprostoru ktery se nadherné modeluje ve vlastnim kiiveni dimenzi a to do ,,poli* a ,,vSech
elementarnich ¢astic stylem baleni-zabalovani dimenzi do klubicka — u ¢astic a do zvinénych
ploch u poli, které ,,plavou‘ coby stavy ,,pfedepsanych* kiivosti jeden v druhém, plavou
vzajemné v sobé = na sobé. zahady temné hmoty a temné energie plus zakladni
nekompatibility s obecnou teorii relativity také hovoti k hlubsi realité¢ kvantové gravity teorie




strun a supersymetrie jsou jen nékteré z kandidatskych teorii, které jsou v soucasné dob¢ v
tomto duchu zkoumény, kdyz se blizime ke konci nasi video knihy o tom, jak malé je to,
podivame se na to nejmensi, co mize maly v kvantoveé mechanice ziskat. minimalni délka
zvana planck délka je vice nez 62 bilionkrat mensi nez neutrino naSe nejmensi elementarni
Castice tato plankova délka je tolikrat mensi nez tato tecka jako tato tecka je mensi nez
viditelny vesmir teoreticky je nemozné urcit rozdil mezi dvé mista od sebe vzdalena méné nez
jedna délka prkna tato myslenka nas privadi zpét k naSemu prvnimu segmentu na mikroskopu,
kde jsme vidéli, jak difrakce svétla vytvorila stejny problém pro optické mikroskopy, jak jsme
poukazali na za¢atku naseho piibéhu, Ze nemuzete sondovat zrnko pisku prstem, jak zjistime,
co se d¢je na této drovni prkna, Uroven, kde pasobi kvantované prvky pole, to je jen jedna z
mnoha vyzev pro fyziky zitrka by to mélo byt zajimavé, podivejte se prosim na kreditni
segment, ktery ukdze na dalsi zdroje pro dalsi vyzkum, dékuji za sledovani [Hudba] 44:38 vas
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http://www.hypothesis-of-universe.com/docs/b/b_101.pdf
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http://www.hypothesis-of-universe.com/docs/j/j_113.pdf ;
http://www.hypothesis-of-universe.com/docs/aa/aa_175.pdf
http://www.hypothesis-of-universe.com/docs/aa/aa_176.pdf
http://www.hypothesis-of-universe.com/docs/aa/aa_181.pdf

Prazdnym mistem v nasi mozaice je higgsliv boson, ktery potfebuje teorie
standardniho modelu sjednocujici popis elektromagnetické a slabé interakce. Tato
Castice by méla pomoci pfi vysvétleni vytvareni hmotnosti ¢astic a ddvodu, pro¢ ma
napriklad ¢astice elektromagnetickeé interakce foton nulovou klidovou hmotnost a
Castice slabé interakce Z a W bosony klidové hmotnosti tak
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