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(01)- Cosmology is the study of the nature of the universe itself. Arguably the most
fundamental question astronomy can probe, how big is the universe? How did it begin? What
is the universe law? It's a field that can humble the most narcissistic of kings. One that
inspires personal transformations from nihilism to humanism and one that in recent years has
been claimed to be facing a crisis so severe it threatens to undermine our very physical
models of the cosmos. | am of course, speaking of the Hubble tension, the so-called crisis in
cosmology. Like any active era of research, this is one where the needle is rapidly moving as
new analyses and data are pouring in on an almost daily basis. Yet, despite all that, we do
have enough information in hand now to say that something appears to be very wrong. So
today, let's break down what is this crisis and what might it really mean? No sensationalism,
just the facts. The story really begins in the late 1920s when observations of distant galaxies
reveal that the further away a galaxy is the faster it appears to be moving away from us. Both
Edwin Hubble and George Lemaitre independently realize that the universe must be
expanding in order to explain this. Like stretching a piece of rubber with marked points.
Every point thinks that every other point is moving away from it during the expansion. And
indeed the points furthest away seem to move faster. In the early 20th century, the rate of
expansion was difficult to reliably infer, but over the years astronomers have improved their
ability to measure this expansion rate, which has become known as the Hubble constant. The
Hubble tension refers to a disagreement about this value. In particular, this number has been
measured with two independent methods, which seem to give answers which are sufficiently
different that they're difficult to reconcile. Either one of these methods is wrong or there was
something wrong with our understanding of the cosmos itself. The first way we can measure
the Hubble constant is from the cosmic microwave background, or CMB for short. This is the
earliest light we can detect in the universe emitted at a time when the cosmos was less than
400,000 years old. So that's 13.8 billion years ago. At first glance, the CMB appears
remarkably uniform with a universe appearing to have an average temperature of about three
kelvin in all directions. But subtracting off that average, the patterns and inhomogeneity that
are revealed encode information about the shape, composition, and structure of the universe.
Remarkably, just about everything within the CMB can be described by a physical model
using just six free parameters describing the mixture of matter, dark matter, and dark energy
as well as the shape of the universe and its expansion rate. The agreement of this model to the
data is frankly remarkable with the recent Planck mission revealing almost perfect agreement
to the model across the board. By running this cosmological model forward in time one can
predict what the current rate of expansion should be. Over time, we've got better at making
that measurement with early results from the WMAP satellite giving a result of about 72 plus
or minus five, but now more precisely pinned down to 67.4 plus or minus 0.5 using the Planck
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mission. I'll ignore the units here because it's really not that important for the current
discussion and largely just distracts from the main points. The real thing to take away here is
that all of these measures are within era of each other and look consistent with just improving
that precision over time. So if this cosmological model is correct, which remember it is a
remarkably good job of explaining the CMB data, then we really should expect that the
modern universe around us is expanding at its predicted rate. But of course we don't just
wanna trust the math. Astronomists actually wanna double check that number. So we've been
going out taking the local universe around us and measuring its expansion rate to make sure
that everything agrees. These methods largely build upon what Edwin Hubble was doing
almost a century ago, measuring the distances and velocities of distant objects and putting
them on a graph to get the expansion rate. The devil is in the details though for measuring the
distance to objects is particularly nuanced and challenging when dealing with objects that are
millions of light years away. If | want to measure the distance to a nearby object, the way our
brains do it is with parallax. Hold your finger out of arm's length in front of some distant
background like say a city skyline. And if you close one eye and then the other, your finger
will seem to move from side to side relative to that background. That's because your eyes are
in physically different locations and so the angle subtended from each eye to your finger is
different.

(01)- Kosmologie je studiem podstaty samotného vesmiru. Pravdépodobné nejzakladngjsi
otazka, kterou muze astronomie zkoumat, jak velky je vesmir? Jak to zacalo? Jaky je
vesmirny zakon? Je to pole, které dokaze pokofit i toho nejnarcistického krale. Jeden, ktery
inspiruje osobni transformace od nihilismu k humanismu, a ten, o kterém se v poslednich
letech tvrdilo, ze Celi krizi tak vazné, Ze hrozi, Ze podkope nase samotné fyzické modely
vesmiru. Mluvim samoziejmé ‘0 Hubbleové napétl’j, takzvané krizi v kosmologii. Jako kazda
aktivni éra vyzkumu je i tato éra, kde se jehla rychle posouva, protoze nové analyzy a data
proudi témét denné. Navzdory tomu v§emu mame nyni v ruce dostatek informaci, abychom
mohli fici, Ze se zd4, Ze je néco velmi Spatné. A to, co je Spatné, je 95 let stary Hubbleho
zékon. -

Vsude kolem nés se starnouci “““globalni‘“‘ vesmir rozbaluje ( nikoliv rozpina!!) a
soucasn¢ se 1 sbaluje ( tedy jeho dimenze ), pfedevsim na plankovych skalach v mikrosvéte
interakci, markantn€, i nyni. Rozpinani, linearni, bohuzel vede do minulosti k singularité —
velkému tiesku a to vesmir nedéla, ten se rozbaluje, opakuji : IrOZbaluje se !!!!I od stavu,
kterému fikame Velky tiesk. Ale ten stav neni singularita. Pro¢ ? Je-1i pfimka nekonecné
dlouha, ( od minus nekonec¢na do plus nekonec¢na ), pak si polozte otazku : jak je velka
skoronekonecna usecka na této primce?, anebo jak je velka skoronulova tsecka na této primce
? = Skoronulova = skoronekonecna. A dokonce nezalezi ani na volbé velikosti jednotek.
Nyni vesmir mize, ale nemusi byt nekone¢ny, Autor ovS§em ma na mysli ,,nas po Treskovy
vesmir...; pfed-Tieskovy vesmir je nekone¢ny ¢asoprostor 3+3D, v némz ,.tresknula®
lokalita ,,skoronekonec¢nd = skorosingularni®, v nizZ se skokem zménily kiivosti dimenzi. Pred
Tteskem pouze dimenze nekiivé, po Tresku ,,se narodi* lokalita ((,,skoronekonecna =
skorosingularni = skoronulova® )) s extrémné kiivymi dimenzemi a ...a nastane dal geneze
rozbalovani dimenzi ¢asovych i délkovych do ,,global-vesmiru a ...a sbalovani dimenzi do
hmoty. http://www.hypothesis-of-universe.com/docs/aa/aa_217.pdf

Tteti zjisténi je, Ze Hubble se mylil :


http://www.hypothesis-of-universe.com/docs/aa/aa_217.pdf

http://www.hypothesis-of-universe.com/docs/i/i_308.pdf str. 5 - o rizném proménlivém
tempu plynuti ¢asu od Tiesku (...) Nikdo nechce pfipustit, ze Hubble mohl (kdyby chtél)
,.najit* (ale nehledal) i to, Ze Casoprostor, tedy ¢as v rastrové miizce 3+3D, se nerozping, je
stoicky, ale Ze objekty se posouvaji ,,po ¢asové dimenzi“ jednim smérem, nikoliv do
minulosti, protoze se globalni stav 3+3D rozbaluje. ( Vesmir pied Treskem, to je rastr
euklidovsky, bez rozpinani). Pouze lokalni systémy casoprostoru v mikrosveéteé se stale jeste
sbaluji. Dnes tvrzeni o tom, Ze galaxie nemaji vlastni rychlost, to se ,.trivialn¢ chape* ehm,
natahuje se gumicka délkové dimenze, ale Ze totéz v analogii plati o Case je az tak désné
netrivialni, Ze na toto nepfislo ani dvacet sedm Kulhank a tficet pét Brozti dohromady. -
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The Hubble Doctrine and my counter-opinion = All around us, the aging ""global™" universe
is expanding (not expanding !! ) and at the same time contracting (i.e. its dimensions),
especially on plank scales in the microworld of interactions, strikingly, even now. Expansion,
linear, unfortunately leads to a singularity in the past - a big bang and the universe doesn't do
that, it expands, | repeat: it expands !!!! from the state we call the Big Bang. But that state is
not a singularity. Why ? If the line is infinitely long (from minus infinity to plus infinity), then
ask yourself the question: how big is the nearly infinite segment on this line?, or how big is
the almost zero segment on this line? ¢ Near-zero = near-infinite. And it doesn't even matter
the choice of unit size. Now the universe may or may not be infinite, but the Author is
referring to "our Cod universe"...; the pre-Bang universe is an infinite 3+3D space-time in
which a "near-infinite = near-singular" location "snapped" in which the curvatures of the
dimensions changed by leaps and bounds. Before the Bang, only non-curved dimensions, after
the Bang "is born™ a location (("nearly infinite = near-singular = near-zero™) with extremely
crooked dimensions and ... and the genesis of the unfolding of time and length dimensions
into the "global-universe and ... and the collapse of dimensions into matter.
http://www.hypothesis-of-universe.com/docs/aa/aa_217.pdf The third finding is that
Hubble was wrong: http://www.hypothesis-of-universe.com/docs/i/i_308.pdf p. 5 - about
the different variable rate of time since the Big Bang (...) Nobody wants to admit that Hubble
could (if he wanted to) "find" (but he didn't look for it) and the fact that space-time, i.e. the
time-raster grid of time, does not expand, is stoic, but that objects move = expand "along the
time dimension” in one direction (not into the past, because the global state 3+3D unfolds.
(The universe before the Bang - Euclidean grid, no expansion). Only local systems of space-
time in the microworld are still collapsing. Today, the claim that galaxies do not have their
own velocity is "trivially understood" erm, stretching the rubber band of the length dimension,
but that the same in the analogy it applies to time, it is so terribly non-trivial that not even
twenty-seven Kulhank and thirty-five Broz together came up with this.

Pojd’me si tedy dnes rozebrat, co je tato krize a co miiZe ve skuteénosti znamenat? Zadna
senzacechtivost, jen fakta. Pfibéh skute¢né zac¢ina na konci dvacatych let, kdy pozorovani
vzdalenych galaxii odhalilo, ze ¢im dale je galaxie, tim rychleji se zda, Jenze Hubble nabidl
linearni vzrah a ten bohuzel plati jen do urcité ,,vzdalenosti“ od nas, respektive do
uréitého stati od Tiesku. Ze je téméF linearni. Piesné linearni neni, protoze &im vétsi je
vzdalenost ,,d* od nas, tim vyssi je kiivost dimenzi ¢asoprostoru. Cim bliZ je ,,misto** které
pozorujeme bliz k big-bangu (singularité) tim vic jsou dimenze kiivé a tedy nikoliv linearni
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vztah v=Ho.d; http://www.hypothesis-of-universe.com/docs/c/c_239.jpg ; Ze se od nas
vzdaluje. Jak Edwin Hubble, tak George Lemaitre si nezavisle na sobé uvédomuji, ze vesmir
se musi rozpinat, anebo I aby to vysvétlil. A tu je ta chyba astronomi. Jako kdyz
natahujete kus gumy s vyzna¢enymi body. Kazdy bod si mysli, ze kazdy druhy bod se od n¢j
béhem expanze vzdaluje. A skutecné se zda, ze nejvzdalenéjsi body se pohybuji rychleji. Na
pocatku 20. stoleti bylo obtizné spolehlivé odvodit rychlost expanze, ale v prib¢hu let
astronomové zlepsili svou schopnost méfit tuto rychlost expanze, ktera se stala zndmou jako
Hubbleova konstanta. Hubbleova konstanta je stafi vesmiru v soucasnosti, které¢ se ukaze ve
jmenovateli zlomku. Ho = 1/t = 1/(vék vesmiru ,,dnes*) Hubbleovo napéti odkazuje na
neshodu ohledné této hodnoty. Neshoda je tu prave proto, Ze obé metody métreni nezohlednily
,.globalni kiivost ¢asoprostoru, ktera je smérem ke Tiesku stale vyvssi. Mlady vesmir je
plazma = péna kiivych dimenzi, kde se rodi balicky = elementarni Castice a také Ctyti zakladni
fyzikalni pole s ,,pfedepsanou” kiivosti. Konkrétné toto ¢islo bylo méfeno dvéma nezavislymi
metodami, a ani jedna z nich nuvazila globalni kfivost ¢asoprostoru, ¢imz astronomové
znehodnotily sva pozorovani Ho které, jak se zda, davaji dostateéné odlisné odpovédi, Ze je
obtizné je sladit. Bud je jedna z téchto metod Spatna, nebo bylo néco Spatné s nasim
chapanim vesmiru samotného. Ano, to je ta kiivost dimenzi ¢p, to je tady Spatné. Prvni
zpusob, jak mizeme zmétit Hubbleovu konstantu, je z kosmického mikrovinného pozadi,
zkracené¢ CMB. Toto je nejrangjsi svétlo, které miizeme ve vesmiru detekovat, emitované v
dobg, kdy byl vesmir mladsi nez 400 000 let. Tady se lamou ledy...tady v ¢ase 400 000 let je
ziejmé uz kiivost Casoprostoru markantni...; Podobnou chybu udélali astronomové a fyzikové
(viz Vera Rubin ) pfi vyhodnocovani pozorovacich hodnot roraci ramen v galaxii, kdy dodnes
nepiiSla Rubinova na svou chybu, Ze dosazovala do Newtona vzdalenost mezi dvéma objekty
,,v rovné usec¢ce” NAMIStO uvazeni kiivosti dimenzi ¢asoprostoru v galaxii, coz je ,,Jokalni
utvar® vici svému ,,okoli* . Cituji sviyj odkaz http://www.hypothesis-of-
universe.com/docs/aa/aa_207.pdf str.6 =

Why the stars in the arms of galaxies run slower than they should after inserting

observation numbers into the law of gravity..., not least because you use the "correct"
observation numbers and insert them into the "wrong Newton's law." Fg = G.M.m / x?,

where after "Xx" you substitute the distance between two bodies "as a straight line x", but

in the reality of the universe according to OTR it is different: for Observers from a great
distance the space-time inside the galaxy is already curved and it is necessary to

substitute this line "x" in arc "x". Then the results are different and no dark matter is

missing in the galaxy http://www.hypothesis-of-universe.com/docs/f/f_056.jpg ;
http://www.hypothesis-of-universe.com/docs/aa/aa_031.jpg ;
http://www.hypothesis-of-universe.com/docs/c/c_439.jpg

To je tedy pted 13,8 miliardami let. Na prvni pohled se CMB jevi jako pozoruhodné
jednotny, pfi¢emz vesmir ma priméernou teplotu kolem tii Kelvina ve vSech smérech. Ale
odecteme-li tento priimér, vzorce a nehomogenita, které jsou odhaleny, koduji informace o
tvaru, sloZeni a struktufe vesmiru. Je pozoruhodné, Ze témét vSe v CMB lze popsat fyzikalnim
modelem pomoci pouhych Sesti volnych parametrii popisujicich smés hmoty, temné hmoty a
temné energie, stejné jako tvar vesmiru a rychlost jeho rozpinani. Souhlas tohoto modelu s
daty je upfimné¢ pozoruhodny, protoze neddvna mise Planck odhalila t¢émét dokonalou shodu s
modelem napii¢ v8emi oblastmi. Spusténim tohoto kosmologického modelu vpied v Case 1ze
predpovédét, jakd by méla byt soucasna rychlost expanze. Postupem €asu jsme se v provadeni
tohoto méfeni zlepsili s prvnimi vysledky ze satelitu NVMAP, které davaji vysledek asi 72|
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minus pét, ale nyni pfesnéji snizeny na ‘67,4 plus minus 0,5 pomoci mise Planck.\
Jednotky zde budu ignorovat, protoZe to opravdu neni pro soucasnou diskusi tak dulezité a do
znacné miry to jen odvadi pozornost od hlavnich bodl. Skutecna véc, kterou je tieba vzit, je,
ze vSechna tato opatfeni jsou v rdmci jedné éry a vypadaji konzistentné s pouhym
zlepSovanim této pfesnosti v pribéhu ¢asu. Takze pokud je tento kosmologicky model
spravny, coz si pamatuje, ze je to pozoruhodné dobra prace pii vysvétleni dat CMB, pak
bychom skute¢né méli o¢ekavat, ze se moderni vesmir kolem nas rozpina svou
piedpokladanou rychlosti. Ale samoziejmé nechceme vérit jen matematice. Astronomoveé ve
skutec¢nosti chtéji toto Cislo zkontrolovat. M1ij vypocet byl pted 37mi lety na hodnoté tw — vék
vesmiru = 4,493756 . 10'" sec. Vydali jsme se tedy s mistnim vesmirem kolem nas a zméfili
rychlost jeho rozpinani, abychom se ujistili, ze vSe souhlasi. Tyto metody z velké casti
vychdzeji z toho, co délal Edwin Hubble pfed téméf stoletim, kdy méfil a
vzdalenych [objektii Ja daval je do grafu, aby vypocital dle své linearni rovnice se
ziskala [rychlost expanze. v'=Ho.d Débel je v detailech, i kdyz mé&feni vzdalenosti k
objektiim je zv1asté jemné a ndrocné pii praci s objekty, které jsou miliony svételnych let
daleko. Pokud chci zméfit vzdalenost k blizkému objektu, na§ mozek to délé s paralaxou.
Drzte prst mimo délku paze pted néjakym vzdalenym pozadim, jako je naptiklad panorama
mésta. A pokud zaviete jedno oko a pak druhé, bude se vam zdat, Ze se vas prst pohybuje ze
strany na stranu vzhledem k tomuto pozadi. Je to proto, Ze vase o¢i jsou fyzicky na rtiznych
mistech, a tak uhel sevieny z kazdého oka na vas prst je jiny.

(02)- The closer your finger is held to your eyes, the bigger the shift. However, as we move
our finger away, the shift becomes less. So in this way, the parallax shift gives us the distance
to an object and we do the same thing in astronomy, except the spacing between our eyes is
replaced with the orbit of the earth from summer to winter. The earth physically shifts by 300
million kilometers over six months. The Gaia spacecraft is a master of measuring parallax and
it has now done so for millions of stars, but the further away an object is, the smaller its
parallax will be eventually becoming so small that we can't detect it even with Gaia. To get
roundness, astronomers need a new distance measure, a distance proxy and so that's where a
special type of star enters the story. One called a cepheid variable. All we really need to know
is that cepheids are massive stars that regularly pulse, causing their brightness to periodically
increase and decrease. These are very bright objects detectable from across intergalactic space
and it was Henrietta Leavitt who discovered that their pulsation periods were intimately
related to their brightness. Leavitt turned cepheids into so-called standard candles, which are
invaluable to cosmologists. The basic idea is that you first measure the distance to a nearby
cepheid using parallax, which practically speaking means it has to be warm within the Milky
Way in order for that technique to work. Step two, very simply you just measure how bright
the cepheid appears here on earth. Step three is that you calculate then how bright the cepheid
must truly be given its distance using the inverse square law. And step four, you observe its
pulsation period. Doing this for all the nearby cepheids you can find, you can make a graph of
the cepheid luminosity versus pulsation period giving this tight relationship. And that
relationship known as the period luminosity relation or simply the Leavitt Law is kind of like
your decryption key for measuring distances outside the galaxy. Because having calibrated
this law, we can now go out beyond the Milky Way, take a cepheid pulsation period and then
immediately know what its luminosity must be. Combine that with its apparent brightness and



you can figure out how far away it must be using the inverse square law. So it's distance. And
that distance is one of the two basic quantities we need to know in order to calculate the local
expansion rate of the universe. So you can see that this technique is very powerful, but
eventually it stops working for galaxies beyond about a hundred million light years. After
that, the selfies are just two faint for us to detect in the first place. Now that might sound like
a huge number, but remember the universe is about 90 billion light years across. So we'd
really like to go much further. A key thing to keep in mind is that this technique is wholly
predicated upon correctly calibrating the Leavitt Law within the Milky Way galaxy. In this
way you can think of it as being like the second rung in a ladder, which depends upon that
first rung, which remember is correctly calibrating that law. In fact, we could even go to a
third rung, which depends upon the second rung, and in this case that third rung is type 1A
supernovae. Like cepheids these are thought to be standard candles, objects with standard
luminosities. But unlike cepheids, we've never seen one up close and personal to really know
what that standard luminosity actually is, which is probably a good thing because those events
are so violent that a local instantiation would be undesirable to say the least. And so in the
absence of any local examples, we are forced to figure out the luminosity of these type 1A
supernovae using the second rung of that distance ladder. So the cepheids. In some galaxies
we see type 1A's go off and in those same galaxies we also see cepheids. That means that we
can use the cepheids to measure the distance to that galaxy, which of course means that that
must also be the distance to our supernovae. And then we can figure out how luminous the
supernovae was. So type 1A supernovae are the third rung on the ladder and they are so bright
that we can look far further out into space out to distances of now up to a billion light years
away. But like a house of cards, if any of the layers below are wrong, then our calculated
distances of the type 1A supernovae will also be wrong. And that in turn means that if we use
them to calculate the Hubble constant, that too would be wrong. It's a precarious game. If you
want to measure the Hubble constant to a precision of say 1%, and that means that you need
to calibrate each of those distance slider rungs to at least 1% precision or really even better.
The chain is only as strong as its weakest link.

(02)- Cim blize mate prst k o¢im, tim v&tsi je posun. Jakmile viak prst oddalime, posun bude
mensi. Takze timto zpisobem nam posun paralaxy udava vzdalenost k objektu a my délame
totéz v astronomii, kromé toho, ze vzdalenost mezi naSimi o¢ima je nahrazena obéznou
dréhou Zem¢ od 1éta do zimy. Zemé se béhem Sesti mésict fyzicky posune o 300 milionil
kilometri. Kosmicka lod’ Gaia je mistrem v méfeni paralaxy a nyni to ud¢lala u milionti
hvézd, ale ¢im déle je objekt, tim mensi bude jeho paralaxa nakonec tak mala, Ze ji
nedokaZeme detekovat ani pomoci Gaie. Aby astronomové ziskali kulatost, potfebuji nové
méteni vzdalenosti, proxy vzdalenost, a tak do piib&hu vstupuje zvlastni typ hvézdy. Jedna se
nazyva promeénna cefeid. Vse, co opravdu potiebujeme védeét, je, ze cefeidy jsou masivni
hvézdy, které pravidelné pulzuji, coz zpiisobuje, Ze jejich jasnost se periodicky zvySuje a
snizuje. Jedna se o velmi jasné objekty detekovatelné napti¢ mezigalaktickym prostorem a
byla to Henrietta Leavittova, kdo zjistil, Ze jejich pulsa¢ni periody izce souviseji s jejich
jasnosti. Leavitt proménil cefeidy v takzvané standardni svicky, které jsou pro kosmology
neocenitelné. Zakladni myslenkou je, ze nejprve zméfite vzdalenost k blizké cefeidé pomoci
paralaxy, cozZ prakticky znamena, ze v Mlécné draze musi byt teplo, aby tato technika
fungovala. Krok dva, velmi jednoduSe zméfite, jak jasna cefeida se zde na zemi objevuje.
Tteti krok spociva v tom, ze spocitate, jak jasnd musi byt cefeida skutecné dané svou



vzdalenosti pomoci zakona o inverznim kvadraté. A ve ¢tvrtém kroku pozorujete periodu
pulzovani. Kdyz to udé€late pro vSechny blizké cefeidy, které miizete najit, mizete vytvorit
graf svitivosti cefeid versus perioda pulsace, ¢imz vznikne tento tizky vztah. Pokud je tato
zavislost opravdu linearni, 1ze ji pouzit k zisk&ni nezkreslené vzdalenosti jednotlivych cefeid
od naés. Jenze jak se doopravdy projevuje ,.kiivost vzdalenosti“ ,,d* na ,,linearité svitivost
versus perioda ???, to je otazkou... A tento vztah znamy jako vztah dobové svitivosti nebo
jednoduse Leavitttiv zakon je néco jako vas desifrovaci kli¢c pro meéFeni vzdalenosti mimo
galaxii. ProtoZe jsme zkalibrovali tento zakon, svitivost versus perioda ,,rozsviceni miizeme
se nyni vydat za Mlé¢nou drahu, vzit si periodu pulsace cefeid a pak okamzité védét, jaka
musi byt jeji svitivost. ?! Zkombinujte to s jeho zdanlivym jasem a muzete zjistit, jak daleko
musi byt pomoci zakona o inverzni kvadraté. Takze je to vzdalenost. A tato vzdalenost je
jednou ze dvou zékladnich veli¢in, které potfebujeme znat, abychom mohli ml'stnl'
rychlost rozpinani vesmiru. Ja bych jesté ptidal problém ,,¢asu®. Tempo plynuti ¢asu neni po
celych 13,8 miliard let v€ku vesmiru stejné. V raznych etapach staii mize byt a ztejmé 1 je,
tempo plynuti rizné. Navic je tempo plynuti Casu jin€ ,,v mezigalaktickych prazdnotach* nez
je v hustych ,,provazcich hmoty*. http://www.hypothesis-of-universe.com/docs/c/c_457.jpg
Takze miizete vidét, ze tato technika je velmi vykonnd, ale nakonec ptestane fungovat pro
galaxie vzdalené asi sto miliont svételnych let. Poté jsou selfie jen dvé slabé, abychom je
mohli detekovat jako prvni. Nyni to mize znit jako obrovskeé ¢islo, ale nezapomente, ze
vesmir ma prameér asi 90 miliard svételnych let. Takze bychom opravdu chtéli jit mnohem
dal. Kli¢ova véc, kterou je tieba mit na paméti, je, ze tato technika je zcela zalozena na
spravné kalibraci Leavittova zakona v galaxii M1é¢na draha. Timto zptisobem si to muzete
predstavit jako druhou pti¢ku v zebticku, ktera zavisi na té prvni pticce, kterd si pamatuje, ze
spravné kalibruje tento zdkon. Ve skute¢nosti bychom dokonce mohli piejit na treti pticku,
ktera zavisi na druhé pticce, a v tomto ptipadé je tou tieti ptickou supernovy typu 1A. Stejné
jako cefeidy jsou povazovany za standardni svicky, pfedméty se standardni svitivosti. Ale na
rozdil od cefeid jsme nikdy nevidé€li ani jeden zblizka a osobné, abychom skute¢né védéli,
jaka ta standardni svitivost ve skutecnosti je, coZ je pravdépodobné dobie, protoze tyto
udalosti jsou tak nasilné, Ze mistni konkretizace by byla pfinejmensim nezadouci. A tak pfi
absenci jakychkoli mistnich pfikladii jsme nuceni zjistit svitivost téchto supernov typu 1A
pomoci druhé pti¢ky tohoto Zebticku vzdalenosti. TakZe cefeidy. V nékterych galaxiich
vidime zhasnout typ 1A a ve stejnych galaxiich také vidime cefeidy. To znamena, Ze muzeme
pouzit cefeidy k méteni vzdalenosti k této galaxii, coZ samoziejmé znamena, Ze to musi byt
také vzdalenost k nas§im supernovam. A pak miizeme zjistit, jak svitiva byla supernova.
Supernovy typu 1A jsou tedy tteti pfickou na zebticku a jsou tak jasné, ze se miizeme divat
daleko dale do vesmiru az do vzdalenosti nyni az miliardy svételnych let daleko. Ale jako
domecek z karet, pokud je n¢ktera z nize uvedenych vrstev chybna, pak nase vypocitané
vzdalenosti supernov typu 1A budou také spatné. A to zase znamena, ze pokud je pouZzijeme k
vypoctu Hubbleovy konstanty, bylo by to také Spatné. Je to nejista hra. Pokud chcete zméftit
Hubbleovu konstantu s pfesnosti feknéme 1 %, a to znamena, Ze musite zkalibrovat kazdy z
téchto posuvnych pfi¢ek vzdalenosti s presnosti alesponl 1 % nebo dokonce jesté lepsi.
je jen tak silny, jak silny je jeho nejslabsi clanek. To je pravda, jenze také je pravda, ze
nesmite kalibrovat retéz A* a vysledky pouzivat na jiny druh fetéz B*...; To fikam proto, Zze
kalibrovat interval v plochém ¢asoprostoru je sice krasné, ale pak tento kalibrovany interval
nesmite pouzivat v zakfiveném Casoprostoru.
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(03)- So with that intro to the distance ladder complete, what does it actually tell us about the
expansion rate of the universe? Hubble was constant. A team led by Nobel laureate Adam
Riess who call themselves SHOES have been leading an effort to measure the Hubble
constant of the local universe. Similar to what we're seeing with the CMB value, the precision
has been increasing over time thanks to more precise parallaxes, refined analysis techniques,
and more observational data, which by the way includes over 1500 hours of time on the
Hubble space telescope. As before, the fact that the value gets more precise really isn't
surprising and each improvement agrees with the previous estimate to within error. So far so
good. But the problem is when we put the CMB measurements back on the same plot. We see
a growing discrepancy between them. That right there is the Hubble tensions, the crisis in
cosmology. So something is very weird here. One of these measurements must be wrong. If it
is the local universe one, then that implies that our distance ladder is most likely in error.
There must be some systematic calibration issue with what we did there. But if it were the
CMB one that was wrong, then that would imply that our cosmological model of the universe
is itself flawed. That's perhaps the most exciting of these two options. 'Cause it would mean
that there was new physics beyond the current model. So what could this new physics be?
There's been plenty of exciting suggestions such as a new particle ignored by the existing
model like the staron neutrino for example. Another popular idea is that the strength of dark
energy is growing over time, which would have some important consequences for the fate of
our universe in the distant future. Others have suggested decaying dark matter or modified
theories of gravity, non-zero spatial curvature, or exotic interactions between dark energy in
dark matter. In fact, as you can see there are quite a few options on the table. But before we
start ripping up the physics textbooks and getting too excited, there is of course a far more
mundane possible explanation and that is that our local measurement is wrong, that perhaps
the distance ladder has been miscalibrated. This isn't just idle speculation. There are good
reasons to be worried about the validity of the distance ladder. First, although the Leavitt Law
wasn't even initially considered to be a simple one-to-one relationship between pulsation
period and luminosity, we've since discovered that it also subtly depends upon color and
metallicity. That's frustrating because there's actually only a few dozen cepheids in the Milky
Way, so it's gonna be difficult to precisely measure these new dependencies from such a small
sample to begin with, as well as of course, challenging to measure those same properties for
other galaxies down the road. Metallicity is a bit particularly challenging topic because for
cepheids, you can't even often measure their metallicity directly. Instead, we rely on the
surrounding environment's oxygen abundance as a proxy. The dependency of luminosity upon
metallicity is characterized by this coefficient in the Leavitt Law equation. It's almost like the
exchange rate going from dollars to Yen. If you want to know the value of your Yen, then you
of course need to know the exchange rate to make an accurate conversion. The problem is that
astronomers don't really agree on this coefficient as shown by the range of recently published
values shown here. And these differences can introduce discrepancies in the Hubble constant
at the percent level. Now, there is some hope that JWST will provide a firm answer here
thanks to its improved spectroscopic capabilities, but for now we may have to wait. Another
problem is frankly unavoidable. Cepheids are massive stars, which means they are young stars
because massive stars simply don't live very long. So why is this a problem? It's because stars
are typically born in dense stellar nurseries that are nestled within their galactic disk. This is
the New York City of the Galaxy, a busy, bustling, dense, overcrowded region filled with dust
and dirt all over the place. That dust though, is a major problem. The dust blocks out some of



the cepheid's light, and so we have to carefully correct exactly how much light was blocked
out. If we assume the wrong amount of dust though, then we'll get the wrong luminosity for
our cepheid. And so break our distance ladder. Who would've thought that something as
boring as calibration issues and dust could be potentially responsible for a crisis in
cosmology? You've hoped for a revolution in physics and instead you got dust. And indeed,
this might sound familiar because it's not the first time astrophysicists have experienced that
sensation either.

(03)- Takze kdyz je tento uvod k zebiicku vzdalenosti dokoncen, co nam vlastné fika o
rychlosti rozpinani vesmiru? Hubble byl konstantni. Ziejmé ma autor na mysli v=Ho. d ...
Tym vedeny laureatem Nobelovy ceny Adamem Riessem, ktery si fika , vedl Gsili o
méteni Hubbleovy konstanty mistniho vesmiru. Podobné jako to, co vidime u hodnoty ,
presnost se postupem Casu zvySovala diky presnéjSim paralaxdm, vylepSenym analytickym
technikam a vétSimu mnozstvi pozorovacich dat, kterd mimochodem zahrnuji vice nez 1500
hodin ¢asu na Hubbleové vesmirném teleskopu. Stejné jako dfive skutecnost, Ze se hodnota
zptesiiuje, skutecné neni prekvapujici a kazdé zlepSeni souhlasi s pfedchozim odhadem s
pfesnosti na chybu. Zatim je vSe dobré. Ale problém je, kdyZ vratime méfeni CMB zpét na
stejny pozemek. Jak fikam stale : nejde tu jen o stale zpiestiujici méfeni, ale 0 to kam potom
ony ,,super-presné* hodnoty dosadim, zda do chybné Hubbleho rovnice nebo do
mikrovinného pozadi bez faktu o kiivosti ¢aso-prostoru.. Vidime mezi nimi rostouci rozpor.
Pravé tam je Hubbleovo napéti, krize v kosmologii. TakZe tady je néco velmi zvlastniho.
Jedno z téchto méreni musi byt chybné. Pokud je to lokalni vesmir, pak to znamena, ze nas
zebtik vzdalenosti je s nejvetsi pravdépodobnosti chybny. S tim, co jsme tam délali, musi byt
né&jaky systematicky problém s kalibraci. Ale pokud by se mylil ten CMB, pak by to
znamenalo, Ze nas kosmologicky model vesmiru je sam o sobé chybny. To je mozZna ta
nejzajimavejsi z téchto dvou moznosti. Protoze by to znamenalo, Ze existuje nova fyzika nad
ramec soucasného modelu. Co by tedy tato nova fyzika mohla byt? Objevila se spousta
vzrusujicich navrhti, Moje HDV je také urcité vzrusujici, byla by, pokud by ji nékdo ¢etl,
ze...ale necte ji NIKDO, jako je napiiklad nova ¢astice ignorovana stavajicim modelem, jako
je naptiklad staronové neutrino. Dalsi popularni myslenkou je, Ze sila temné energie v
prabéhu ¢asu roste, coz by méelo nekteré dulezité disledky pro osud naseho vesmiru v daleké
budoucnosti. Jini navrhli rozpadajici se temnou hmotu nebo topit v Pekle namisto briketama
spadanym listim...nebo modifikované teorie gravitace, nenulové prostorové zakiiveni nebo
exotické interakce mezi temnou energii v temné hmoté. © supper. Ve skuteénosti, jak vidite,
na stole je docela dost moznosti. (HDV tam neni). Ale nez za¢neme trhat u¢ebnice fyziky a
ptilis se vzruSovat, existuje samoziejmeé mnohem piizemnéjsi mozné vysvétleni, a to, Ze naSe
mistni méfeni je Spatné, ze zebtik vzdalenosti byl mozna Spatné zkalibrovan. J4 neznam
metodu kalibrace, ale vim, Ze kalibrovat délkovy intereval v plochém prostoru a v zakifiveném
prostoru, ur¢ité piinese dva rtizné vysledky i kdyby méfeni bylo tuper-total-nejpiesnéjsi... To
nejsou jen plané spekulace. Existuji dobré diivody, pro¢ se obavat platnosti Zebticku
vzdalenosti. , ackoliv Leavittiv zakon nebyl ptivodné ani povazovan za jednoduchy
vztah jedna ku jedné mezi periodou pulsace a svitivosti, od t¢ doby jsme zjistili, ze také jemné
z&visi na barve a metalicité. To je frustrujici, protoze v Mlé¢né draze je ve skuteCnosti jen
nékolik desitek cefeid, takze bude obtizné piesné zméfit tyto nové zavislosti z tak malého
vzorku na zacatku, stejné jako samoziejmé naroéné méfit stejné vlastnosti pro jiné galaxie. Po




silnici. Metalicita je trochu obzvlasté naro¢né téma, protoze u cefeid Casto ani nemizete
pfimo méfit jejich metalicitu. Misto toho se spoléhdme na mnozstvi kysliku v okolnim
prostiedi jako na proxy. Zavislost svitivosti na metalicité je charakterizovana timto
koeficientem v rovnici Leavittova zakona. Je to skoro jako sménny kurz prechazejici z dolarti
na jen. Pokud chcete znat hodnotu svého jenu, pak samoziejmé potiebujete znat sménny kurz,
abyste mohli provést ptesny pievod. Problém je v tom, Ze astronomové se na tomto
koeficientu ve skute¢nosti neshodnou, jak ukazuje rozsah zde uvedenych nedavno
publikovanych hodnot. A tyto rozdily mohou zpiisobit nesrovnalosti v Hubbleové konstanté
na urovni procent. Nyni existuje ur¢ita nadéje, ze JWST zde poskytne pevnou odpovéd’ diky
svym vylepsenym spektroskopickym schopnostem, ale zatim si mozna budeme muset pockat.
Dalsi problém je, upiimné feceno, nevyhnutelny. Cefeidy jsou masivni hvézdy, coz znamena,
ze jsou to mladé hvézdy, protoze masivni hvézdy prosté neziji ptili§ dlouho. Proc¢ je to tedy
problém? Je to proto, ze hvézdy se obvykle rodi v hustych hvézdnych porodnicich, které jsou
zasazeny do jejich galaktického disku. Toto je New York City of the Galaxy, rusny, rusny,
husty a prelidnény region plny prachu a Spiny vSude kolem. Ten prach je ale velky problém.
Prach blokuje ¢ast svétla cefeid, a tak musime peclivé opravit, kolik svétla bylo zablokovano.
Pokud vSak predpokladdme nespravné mnozstvi prachu, ziskame pro naSe cefeidy Spatnou
svitivost. A tak prolomte nas zebii¢ek vzdalenosti. Kdo by si pomyslel, ze néco tak nudného
jako [problémy s kalibraci a prach méize byt potencialng zodpovédné za krizi v kosmologii?
Doufali jste v revoluci ve fyzice a misto toho jste dostali prach. A skute¢né to mize znit
povédomé, protoZe [to neni poprvé, co astrofyzici zazili tento pocit|

(04)- Remember BICEP2 or Biogen STAR, dust and dust. So to some degree this is an
unavoidable problem with cepeids. So perhaps one solution is just to ditch the cepheids
altogether, to start over, go back to the drawing board of our distance ladder, and get a new
first and second rung. But to do that we would need to replace the cepheids with something
else. We would need a new standard candle. Enter giant stars. Stars like the sun, fuse
hydrogen inter helium in their core, but eventually they'll swell by hundreds of times as they
exhaust a supply of hydrogen fuel in their cores and instead start fusing the hydrogen around
the shell of the core. This shell burning behavior leads to a rapid ballooning in the size of the
star, which in turn causes the luminosity to greatly rise. It's exactly this process that will
eventually doom us all here on earth. Check out our previous video to see how. Eventually the
pressure in the stellar core becomes sufficiently high that the thus far inert helium ash starts to
fuse. This is actually good news because the star is now burning fuel in its core once again out
by helium fuel. And so now the star returns to a more stable state and thus a smaller size. So if
you track the luminosity of the star over time, you'd see this gradual growth during the shell
burning phase, followed by a reversal once the helium fusion begins. That reversal point, the
peak luminosity is called the tip of the red giant branch, and it's largely independent of the
star's metallicity unlike for cepheids. In essence, this reversal point is a standard candle. It's a
weird one though because it doesn't really work for any single objects since it's unlikely you'd
happen to catch a star at exactly this moment in its life cycle. But if you look at the brightness
values of a large number of giants, then you'd see a clear maximum possible value that
corresponds to the tip of the red giants and that heat is our standard candle. This method is in
many ways, cleaning out of the cepheids. Since unlike the Leavitt Law, there's hardly any
dependency in mentality here, which remember it's very difficult to measure at cosmic



distances. Yet more, another major advantage here is that these stars are by definition, old
stars. For example, it would take a star like the sun about 10 billion years to get to this point
in total when counting from its birth. Because of their advanced years, they have long since
left their star nurseries and have meandered in and around their galaxy many times over. In
fact, a large number of them no longer even reside within their galactic disks, but instead have
migrated out to what we call the galactic halo, kinda like the quiet back country of the galaxy
where the spacing between stars is far greater. This is incredibly useful because out here
there's hardly anything to get in the way of our observations. There's no dust, there's no
contaminating stars. If observing extra galactic cepheids is like trying to do astronomy in New
York City, swamped by the haze and city lights, observing extra-galactic giant stars is like
being out in the Atacama Desert, clear inky black skies peppered with crisp oasis of light.
Famed astronomer Wendy Freedman has been advancing this method for years, which is not
surprising given that it was she who first used the Hubble Space telescope to measure the
Hubble constant two decades ago using cepheids. Suffice to say Freedman has been thinking
about this problem very deeply for as long as anyone. So her team recently used this
completely independent standard candle method, the giant stars as a way of recalibrating the
entire distance ladder in an effort to finally resolve the Hubble tension. On the one hand we
have the 67.4 plus minus 0.5 valley derived from the CMB using Planck. And on the other
hand, we have the supernovae plus cepheid based measurement coming in at 73.0 plus or
minus 1.0 coming from SHOES. So the real question is where does this new independent
measurement land? Does this third method reveal who's right and who's wrong? Here's their
answer, right in the middle of the two. 69.8 plus or minus 1.7. Remarkably, it's actually
consistent with both. Whilst the CMB and the cepheids measurements are five error bars apart
or five sigma, the tip of the red giant branch method is effectively okay with both of them. It's
1.3 sigma away from the CMB method, which is completely fine. And 2.9 sigma away from
the cepheid measurement. That's a little high, but we could perhaps just explain that by adding
in a little bit more systematic error into the cepheid measurements. In our upcoming Cool
Worlds podcast show, which you can look out for in the new year, | asked Wendy what her
reaction was when she saw that her measurement landed right in the middle.

(04)- Pamatujte na BICEP2 nebo Biogen STAR, prach a prach. TakZe do ur€ité miry je to
nevyhnutelny problém s cepeidy. TakZe mozna jednim feSenim je prosté vypustit cefeidy
uplné, zalit znovu, vratit se na rysovaci prkno naseho zebficku vzdalenosti a ziskat novou
prvni a druhou pfi¢ku. Ale k tomu bychom potiebovali nahradit cefeidy né€im jinym.
Potiebovali bychom novou standardni svicku. Zadejte obii hvézdy. Hvézdy jako slunce
spojuji vodik mezi heliem ve svém jadru, ale nakonec stokrat stokrat, kdyz vycerpaji zdsobu
vodikového paliva ve svych jadrech a misto toho za¢nou tavit vodik kolem obalu jadra. Toto
chovani pfi hoteni skotapky vede k rychlému nafouknuti velikosti hvézdy, coz zase zpiisobi
vyrazné zvySeni svitivosti. Je to pfesné tento proces, ktery nds vSechny zde na zemi nakonec
zahubi. Podivejte se na nase piedchozi video a uvidite, jak na to. Nakonec se tlak ve
hvézdném jadru stane dostatecn¢ vysokym, aby se dosud inertni héliovy popel zacal tavit. To
je vlastné dobré zprava, protoZe hvézda nyni spaluje palivo ve svém jadru opét pomoci
heliového paliva. A tak se nyni hvézda vraci do stabilnéjsiho stavu a tim i mensi velikosti.
Takze pokud budete sledovat svitivost hvézdy v prabehu ¢asu, uvidite tento postupny rast
béhem faze hoteni skotapky, nasledovany obracenim, jakmile za¢ne fize helia. Tento bod
zvratu, maximalni svitivost, se nazyva $pic¢ka vétve Cerveného obra a na rozdil od cefeid je do



znacné miry nezavisly na metalicité hvézdy. V podstaté je tento bod zvratu standardni
svickou. Je to vSak zvlastni, protoze to ve skutecnosti nefunguje pro zadné jednotlivé objekty,
protoze je nepravdépodobné, Ze byste ndhodou zachytili hvézdu presné v tomto okamziku
jejiho zivotniho cyklu. Ale kdyZ se podivate na hodnoty jasu velkého poctu obrt, pak byste
vidéli jasnou maximalni moznou hodnotu, kterd odpovidé Spicce ¢ervenych obri a Ze teplo je
nase standardni svicka. Tato metoda je v mnoha ohledech ¢isténim cefeid. Protoze na rozdil
od Leavittova zakona zde neni témé&f zadna zavislost v mentalité, ktera si pamatuje, Ze je
velmi obtizné méfit na kosmické vzdalenosti. Dalsi hlavni vyhodou je, Ze tyto hvézdy jsou z
definice staré hvézdy. Naptiklad hvézd¢ jako Slunce by trvalo asi 10 miliard let, nez by se
celkem dostala do tohoto bodu, pocitdme-li od svého narozeni. Kvuli svému pokroc¢ilému
véku uz davno opustili své hvézdné skolky a mnohokrat se vandrovali ve sve galaxii a kolem
ni. Ve skutecnosti velké mnozstvi z nich uz ani nesidli na svych galaktickych discich, ale
misto toho migrovalo do toho, ¢emu fikdme galaktické halo, néco jako ticha zadni krajina
galaxie, kde je rozestup mezi hvézdami mnohem vétsi. To je neuvétitelné uziteéné, protoze
tady venku neni t¢éméf nic, co by stalo v cesté naSim pozorovanim. Neni tu Zadny prach,
nejsou zadné kontaminujici hvézdy. Jestlize pozorovani extragalaktickych cefeid je jako
pokus o astronomii v New Yorku, zaplaveném oparem a méstskymi svétly, pozorovani
extragalaktickych obfich hvézd je jako byt venku v pousti Atacama, jasné inkoustové cerné
obloze poseté svézi oazou svétla. Slavna astronomka Wendy Freedmanova tuto metodu
prosazuje jiz 1éta, coz neni piekvapivé vzhledem k tomu, Ze to byla ona, kdo pfed dvéma
desetiletimi poprvé pouzil Hubbletiv vesmirny dalekohled k méfeni Hubbleovy konstanty
pomoci cefeid. A vzdalenosti cefeid, které nejsou linearni ...® Stadi fici, ze Freedman o
tomto problému piemyslel velmi hluboce tak dlouho jako kdokoli jiny. Jeji tym tedy nedavno
pouzil tuto zcela nezavislou standardni metodu svicek, ob¥i hvézdy jako zpusob rekalibrace
celého [Zzeb¥itku vzdalenosti ve snaze koneéné vyiesit Hubbleovo napéti. Na jedné strand
mame doli 67,4 plus minus 0,5 odvozené z

z CMB pomoci Planck.

A na druhé¢ strané mame méteni zaloZené na supernovach plus cefeidy piichazejici na 73,0
plus minus 1,0 pochazejici

z SHOES.

Skuteéna otazka tedy zni, kde toto nové nezavislé méfeni ptistane? Odhaluje tato tfeti metoda,
kdo ma pravdu a kdo ne? Tady je jejich odpovéd’, ptimo uprostied téch dvou. 69,8 plus minus
1,7. Je pozoruhodné, Ze je to vlastné v souladu s obéma. Zatimco méfeni CMB a cefeid jsou
od sebe vzdaleny pét chybovych tsecek nebo pét sigma, konec metody vétve cerveného obra
je u obou v podstaté v pofadku. Je to 1,3 sigma od metody CMB, coz je upln¢ v poradku. A
2,9 sigma od méfeni cefeid. To je trochu vysoké, ale mohli bychom to mozna vysvétlit
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Cool Worlds, na kterou se mizete t€Sit v novém roce, jsem se zeptal Wendy, jaka byla jeji
reakce, kdyz vidéla, Ze jeji méfeni pristalo presné uprostied.

(05)- And I guess we would hope we were hoping that you would, your number would land
on one side or the other and we'd be like okay, so now we know where the problem is. When
you realized your answer was right in the middle, were you frustrated by that? How did you
feel? - Well, someone, the immediate reaction was sort of like shock. Really? Did it really
land in the middle? It was sort of odd. And we didn't attach this absolute zero point until the
end so we didn't know where this was gonna land. So until we were you know, ready to apply



it and that was it. It was like one morning, here's the answer. And it, so it was slightly a shock.
- An interesting way of thinking about the Hubble crisis is to imagine an alternate reality, an
alternate reality where we invented and deployed the tip of the red giant branch method before
the cepheid method ever came along. So in this alternate reality we'd have two measurements
for the Hubble constant, one from the CMB and one from the local universe. And both of
them would seem to be an almost perfect agreement with one another. There would be no
tension. And instead we'd just be celebrating the remarkable fact that these two radically
different methods gave remarkable agreement about the expansion rate of the universe. So if
then cepheids came along later we would likely just dismiss it as a troubled method,
especially given the fact that they are usually embedded within bustling galactic disks. So
does this mean that there's no crisis in cosmology then? Well, before we totally give up on
that idea, | think we still want to improve our precisions just a little bit more. On the horizon
there are two big data releases from the Gaia Spacecraft that promise to improve our
parallaxes even further, and thus will let us go back and recalibrate that distance ladder just a
little bit better. Yet more, JWST is already observing nearby galaxies in an effort to measure
their distances using both the cepheid technique and with giant stars as well as other methods
too, to hopefully finally figure out whether they agree with each other or not. So rather than
jumping the gun too much, let's just see what Freedman's team find from that sample. You
know, a crisis in cosmology makes for a great headline. So much so that's proliferated across
many science news outlets over the last couple of years. It's probably why you clicked this
video. And indeed this video would surely get a lot more views if | told you that physics is
broken, or that the Big Bang model is wrong, or some other extreme conclusion. Or showed
you thumbnails of JWST randomly firing death rate out of it or something. Yes, that really
exists, but the truth is often more nuanced, complicated, and often less exciting than that
tagline portrays. After all the answer here may simply be dust, but a headline like dust may be
a source of systematic error in cepheid distance measurements just isn't as catchy as a crisis in
cosmology. I can't give you the answers that you might want to hear. That's not how science
works. To quote freedman, nature is there and she's gonna come out in the way she is. Our
predispositions don't count. All I can ever promise you on this channel is a sober analysis, but
looking ahead there will be answers here from Gaia, from JWST, we will resolve the Hubble
tension. So until then, stay thoughtful and stay curious. Thank you so much watching
everybody. | hope you enjoyed this video. If you did, be sure to like, share, subscribe. It really
does make a difference. And if you really wanna help us out, then you can become a donor to
my research team, the Cool Worlds Lab right here at Columbia University. | want to give a
moment just to give a special thank you to all of our donors over the last year in 2022,
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And here's looking forward to an even more spectacular 2023.

(05)- A myslim, ze bychom doufali, Ze ano, vase ¢islo pfistane na jedné nebo druhé stran¢ a
my budeme v potadku, takze ted’ vime, kde je problém. Kdyz jste si uvédomili, Ze vase
odpoved byla piesné uprostied, byl jste tim frustrovany? Jak jste se citili? - No, nékdo,
okamzita reakce byla néco jako Sok. Opravdu? Opravdu to ptistalo uprostied? Bylo to trochu
zvlastni. A tento bod absolutni nuly jsme nepfipojili az do konce, takZe jsme nevédéli, kde to
dopadne. Takze dokud jsme nebyli pfipraveni to aplikovat a bylo to. Bylo to jako jedno rano,
tady je odpoveéd’. A tak to byl mirny Sok. - Zajimavym zptisobem uvazovani o Hubbleové
krizi je pfedstavit si alternativni realitu, alternativni realitu, Jenze bude-li vyfeSena Hubbleova



krize, tedy ,,bezchybné méteni vzdalenosti* smérem k velkému tfesku, stejné krize vytesena
nebude. Hubbleovo napéti totiz fesite v jiz plochém asoprostoru, ktery jste ziskali
rozpinanim, a plochost tu bude pouze do vzdalenosti cca 400 000 km od veslkého tresku. Od
této hodnoty blize ke Ttesku zase opét nastane zména, tj. zvysujici se kiivost ¢asoprostoru,

vV némz nevim jak méfit ,,zakfivené vzdalenosti“. A také i jiné tempo plynuti ¢asu — bude
nerovnomérné... kde jsme vynalezli a nasadili hrot metody vétvi rudého obra jesté predtim,
nez se objevila metoda cefeid. Takze v této alternativni realit¢ bychom méli dvé méteni
Hubbleovy konstanty, jedno z CMB a jedno z mistniho vesmiru. A zdalo by se, Ze oba jsou
mezi sebou téméef dokonala shoda. Nebylo by zadné napéti. A misto toho bychom jen
oslavovali pozoruhodny fakt, ze tyto dvé radikalné odlisné metody poskytly pozoruhodnou
shodu o rychlosti rozpinani vesmiru. Takze pokud by se cefeidy objevily pozdéji,
pravdépodobné bychom to prosté odmitli jako problematickou metodu, zejména vzhledem ke
skutecnosti, ze jsou obvykle zasazeny do rusnych galaktickych diskti. Znamena to tedy, ze v
kosmologii zddn4 krize neni? No, nez se té myslenky uplné vzdame, myslim, Ze jest¢ chceme
trochu zlepsit naSe presnosti. Na obzoru jsou dvé vydani velkych dat z kosmické lodi Gaia,
ktera slibuji jesté dalsi zlepSeni naSich paralax, a tak nam umozni vratit se a prekalibrovat ten
zebiik vzdalenosti jen o néco 1épe. Navic JWST jiZ pozoruje blizké galaxie ve snaze zméfit
jejich vzdalenosti jakl pomoci techniky cefeid, tak| pomoci obtich hvézd a také jinymi
metodami, aby snad koneéné zjistil, zda spolu souhlasi nebo ne. Do vzdalenosti cca 400 000
km od ,,singularity*, ano Takze rad¢ji nez ptili§ skékat se zbrani, pojd'me se jen podivat, co
Freedmaniiv tym z tohoto vzorku nasel. Vite, krize v kosmologii d¢la skvély titulek. Tolik se
toho za poslednich par let rozsitilo v mnoha védeckych zpravodajskych kanalech. To je
pravdépodobné divod, proc jste klikli na toto video. A skute¢né, toto video by jisté ziskalo
mnohem vice zhlédnuti, kdybych vam fekl, ze fyzika je rozbita, nebo ze model velkého tiesku
je Spatny, nebo néjaky jiny extrémni zavér. Nebo vam ukéazal miniatury JWST, které z n¢j
nahodné vystielily umrtnost nebo tak néco. Ano, to opravdu existuje, ale pravda je Casto
jemnéjsi, komplikovangjsi a ¢asto méné vzrusujici, nez vykresluje slogan. Koneckonctl,
odpovéd’ zde mlZe byt prosté prach, ale titulek jako prach mize byt zdrojem systematickych
chyb v méteni vzdalenosti cefeid prosté neni tak chytlavy jako krize v kosmologii. Nemohu
vam dat odpoveédi, které byste mozna chtéli slySet. Takhle véda nefunguje. Abych citoval
Freedmana, pfiroda je tam a vyjde tak, jak je. Nase predispozice se nepocitaji. V§e, co vim na
tomto kanalu mohu slibit, je stiizliva analyza, ale pfi pohledu do budoucna zde budou
odpovédi od Gaie, z JWST, vyfesime napéti z Hubblea. Takze do té doby zilistante premyslivi
a zistaite zvédavi. VSem moc dékuji. Doufam, Ze se vam toto video libilo. Pokud ano, urcité
dejte like, zbytecné !, ¢ist ho nebudete, a ditkazem bude kdyz dam tento sviij nazor do vasi
debaty, Ze nikdo neodpovi, sdilejte, odebirejte. Je to opravdu rozdil. A pokud nam opravdu
chcete pomoci, pak se milZete stat ddrcem mého vyzkumného tymu, laboratofe Cool Worlds
Lab ptimo zde na Kolumbijské univerzité. Chci vénovat chvili jen zvlaStnimu podékovani
v§em naSim darciim za posledni rok v roce 2022.

24:31 A zde se miizete t&Sit na jeste velkolepéjsi rok 2023.
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