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(01)- our universe was born from a big bang nearly 14 billion years ago but was that really
the beginning of time two theorems are often used to argue that it was the Penrose Hawking
Singularity theorem and the bodeguth the Lankan theorem in 2023 we traveled to the
perimeter Institute of theoretical physics to meet some of the scientists who have recently re-
examined these theorems and come to a surprising conclusion [Music] thank you [Music]
my interpretation of the Penrose Hawking theorems is simply that when we get sufficiently at
that at sufficiently high densities energy densities we need to change our model and it is very
well possible that there will be no singularity in the time has no beginning it is also possible
that time is emergent that our basic model of Nature has no space and has no time in that
space and time are emergent Concepts in which case there will be no Singularity either so it is
definitely not true that the Penrose Hawking theorems proved that there was a big bang
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Singularity one important distinction to make is between a singularity where the curvature of
space-time becomes infinite and geodesic incompleteness but what is a geodesic a geodesic is
essentially the path that an observer would follow in space-time but just following the
curvature of space-time what does it mean now for this geodesics this highway is to be
incomplete it just means they have dead ends it could be in time or it could be in a space if it's
in time it means the Observer who is moving on this free-falling in this places could in future
uh their time in so their clocks stop working you could have a space-time that is geodesically
incomplete but which nevertheless does not necessarily have a curvature singularity that being
said um are are more common examples of singularities like uh uh The Singularity at the
center of a black hole or that of a putative Big Bang cosmological Singularity those would be
examples where we have both jodesic and completeness and an actual curvature Singularity
an actual blow up of of the space-time curvature at that point see when | wrote my first paper
the 1965 paper as it came out | think singularities were in the title but in the arguments I think
it was more although | said something's got to go wrong could be negative energies it could
be Quantum effects uh show that space times but doesn't become a Continuum or it could be
this or that or the other thing incompleteness or maybe we don't have a koshy surface and
things like that and | didn't say this proves there's a singularity 1 was always nervous about
using the term Singularity because | wasn't quite sure how to define it does it mean that the
curvatures become infinite what does it mean does it mean inextendable in any sense of the
word and since then there was that vagueness about it | tend not to use it but on the other hand
Stephen was absolutely Brash about using the word singularity and he thought these theorems
show there was a singularity and if you went it's incompleteness in some sense that was a
singularity so he was had a broader notion of what the term Singularity actually meant | was
more cautious about it certainly in my initial papers but when Stephen and when we wrote
together and all that | began to adopt his terminology mainly because he was using it all the
time and okay and Stephen was often saying this proves the universe if we've got a proof now
the universe had a beginning was that your view then I don't know the Penrose Hocking
theorem that supposedly proved a beginning of time assumed that gravity is always attractive
but we can solve a number of problems with standard cosmology by introducing a period of
repulsive gravity known as inflation that violates this assumption and is thought to lead to a
Multiverse which exists eternally into the future | was working with Arvin borda and Alex
valengan to understand what we can learn about how inflation might have started and how far
back it could have gone and in particular once we realized that inflation could be Eternal into
the future it seemed like a very natural question to ask could inflation have also been Eternal
into the past and what we found was that inflation could not be Eternal into the past uh what
we basically managed to achieve was proving a theorem uh which says that the uh any
expanding region of space-time uh that has a minimum expansion rate uh can only go back so
far and not infinitely far so that means that inflation must have had a beginning it doesn't
really say that the Universe must have had a beginning but it says that the Universe could not
have been expanding forever up until the present time the theorem proves that inflation must

(01)- Nas vesmir z velkého tresku pred témét 14 miliardami let, ale byl skute¢né
pocatkem Casu ? Dvé véty se Casto pouzivaji k argumentaci, ze to byl Penrose Hawkingtiv
teorém singularity a Bodeguth Lankansky teorém v roce 2023 jsme cestovali do
obvodniho ustavu teoretické fyziky, abychom se setkali s nékterymi védci, kteti nedavno
znovu prozkoumali tyto teorémy a dosli k prekvapivému zavéru [Hudba] Dékuji [Hudba]



Moje interpretace Penrose Hawkingovych teorémi je prosté takova, Ze pii dostatecné
vysokych hustotach energie potfebujeme zménit nds$ model a je velmi dobie mozné, Ze
nebude existovat singularita v ¢ase, ktery nema zacatek, (*) je také mozné, Ze se ¢as
vynoruje, (*) ze nas zakladni model ptirody nema prostor ?? a ma zadny ¢as ?? v tomto
prostoru a Case se nevynoruji Koncepty, ?? v takovém piipad¢ nebude ani singularita, takze
rozhodné neni pravda, Ze Penrose Hawkingovy teorémy dokézaly, ze doslo k velkému tfesku
(*) Singularita, kterou je tfeba rozliSovat, je mezi singularitou, kde zak¥iveni ¢asoprostoru se
stava nekoneénym a geodeticka neuplnost, ale to, co je geodetické a geodeticke, je v podstaté
cesta, kterou by pozorovatel sledoval v ¢asoprostoru, ale pouze sledoval zaktiveni
Casoprostoru, co to nyni pro tuto geodetiku znamena byt netplny to jen znamena, ze maji
slepé ulicky, mohlo by to byt v ¢ase nebo by to mohlo byt v prostoru,?? pokud je to v Case, to
znamena, ze pozorovatel, ktery se pohybuje na tomto volném péadu v téchto mistech, by mohl
v budoucnu uh sviij ¢as v tak jejich hodiny pfestafite pracovat, ?? Autorova fec je
nesrozumitelnd mohli byste mit Casoprostor, ktery je geodeticky netplny, nemélo by tu byt
slovo ,,geometricky* 77?7 ale ktery pfesto nemusi mit nezbytné singularitu zaktiveni, o které se
singularity domnéla kosmologické singularita velkého tfesku, to by byly ptiklady, kdy mame
jak jodesiku, co to je ? tak Uplnost a skute¢né zak¥iveni Singularita jako skute¢né vybuzeni
zakftiveni asoprostoru v tomto bodé¢, viz, kdyZz jsem psal svlij prvni ¢lanek, papir z roku 1965,
jak vysel. myslim, Ze singularity byly v ndzvu, ale v argumentech si myslim, Ze to bylo vic, 1
kdyZ jsem tekl, Ze se néco musi pokazit, mohou to byt negativni energie, miize to byt
Kvantové efekty uh ukazuji, Ze Casoprostor, ale nestava se kontinuem, nebo to mize byt toto
nebo ta nebo ta druha véc netplnost ?? vladne tu nesrozumitelnost slov vyznam feci a smysl
myslenek...nebo mozna nemame kosSaty povrch a podobné véci a ja jsem neiekl, Ze to
dokazuje, ze existuje singularita. Vzdy jsem byl nervozni z pouziti terminu singularita,
protoze jsem si nebyl zcela jisty, jak definovat znamena to, Ze se zakfiveni stavaji
nekonecnymi, jisté, (¥) co to znamena, znamena to nerozsifitelné v jakémkoli smyslu toho
slova a od té doby v tom byla takova vagnost, a bordel...mam tendenci to nepouZivat, ale na
druhou stranu byl Stephen naprosto drzy, pokud jde o pouziti singularita slova a on si myslel,
Ze tyto teorémy ukazuji, Ze existuje singularita, a pokud jste §li, je to netiplnost v ur¢itém
smyslu, Ze to byla singularita, takze mél $irs§i pfedstavu o tom, co pojem singularita ve
skute¢nosti znamena, byl jsem v tomto ohledu opatrnéjsi ve svych ptivodnich pracich ale kdyz
Stephen a kdyz jsme si spolu psali a to vSechno, zacal jsem piejimat jeho terminologii hlavné
proto, Ze ji pouzival pofad a dobfe a Stephen Casto fikal, Ze to dokazuje vesmir, pokud mame
dikaz, ted’ vesmir mél zacatek byl vas nazor, pak nezndm Penrose Hockingiiv teorém), ktery
udajné dokazal, ze pocatek ¢asu predpokladal, ze gravitace je vzdy pfitazliva, ale fadu
problémil se standardni kosmologii miZeme vyfesit Ja osobné straSné nerad
zavadim Bohovi jak ,,ON* ma tvofit, aby se to libilo m¢...periody ’Odpudivé gravitace\ zname
jako inflace, kterad porusuje Tento ptedpoklad a pifedpoklada se, Ze vede k Multivesmiru, ktery
existuje vécné do budoucnosti. ?? Pracoval jsem s Arvinem Bordou a Alexem Valenganem,
abychom pochopili, co se mtizeme dozvédét o tom, jak mohla inflace zacit a jak daleko do
minulosti mohla zajit, a zejména poté, co uvédomili si, Ze inflace by mohla byt vé¢éna do
budoucnosti, zdalo se to jako velmi pfirozend otazka, zda inflace mohla byt také vé¢na do
minulosti, (??) a zjistili jsme, Ze inflace nemtZe byt vé¢na do minulosti, ¢eho se ndm v
podstaté podafilo dosdhnout teorém uh, ktery fika, Ze uh jakékoliv rozpinajici se oblast
Casoprostoru uh, kterd ma minimalni miru expanze uh, se mtize vratit jen tak daleko a ne




nekonecn¢ daleko, takze to znamena, ze inflace musela mit pocatek, ve skutecnosti to nefika
Vesmir musel mit pocatek, ale tika, ze se vesmir nemohl rozpinat vééné az do soucasnosti,
véta dokazuje, Ze inflace musi

(02)- have a beginning right the universe as a whole it doesn't the theorem doesn't say that it
says that the expansion of the universe must have a beginning theorem says the universe could
have not always been expanding so whether that means there was a beginning so then
beginning out of something else some other physics maybe or maybe beginning from a
different phase of the universe which maybe was Contracting maybe it was ecstatic so then
we can explore all of these possibilities | wouldn't apparently rule out any of them until the
1960s scientists believed that a black hole had a singularity at its Horizon rather than just at its
Center but it was then shown that was an illusion generated by a poor choice of coordinates
the new work published earlier this year considered whether the Big Bang Singularity might
be the same we looked at the very question of let's say inflation is always happening to the
Past and we have space time that appears to be geodesically incomplete very much according
to the the Border good for Lincoln result then is the past boundary of that space-time just an
artifact of the coordinates and can we extend it beyond that boundary into another phase of
the universe or is it really inextendable and singular perhaps in the sense of a curvature
Singularity we found various conditions for How the Universe could approach that that past
boundary in just the right way for it to be extendable into another phase of the universe one
scenario that has been found that can go beyond the boundary to the Past set by the bgv
theorem is the so-called decider space-time which is a hypothetical universe that has no
matter but a cosmological constant that causes space to Forever expand the sitter's face time is
one in which the the the rate of expansion is accelerating so it is uh the prototypical
inflationary space time now we cannot live an exact decider because it's an idealized solution
and we know we have matter fields in our universe not just a cosmological constant and so
when we talk about the very early universe and inflation we talk about quasi-to-sider space
times that are not quite considerate but presumably very close to the sitter and then the
question um is okay there could appear to be geodesically incomplete those causes that are
space times but is that an artifact of the chords can we can we extend the space time beyond
the apparent best boundary or can we not and the the boarding good valencian theorem does
not answer that question we decided to also look into this in more uh realistic inflationary
scenarios where you know you're not exactly the sitter and then see does the same thing
happens are there ways for this for The Observers to go beyond the boundary of where the
theorem says thanks to the stop and then uh more specifically we looked at the geometry itself
so geometrical structure and we see that well under certain conditions if this inflationary so
we classify them and say well these are the inflationary scenario they could fall Here There
and different classes some of them yes things can go very wrong but there are some of them
that geometrically nothing dramatic happens you can extend them beyond that boundary they
enter a different phase what the physics there is and is it realizable they haven't figured out yet
but you can do it we found that in the context of the Bordeaux villain can theorem situations
where light rays would appear to end on a boundary can actually be extended beyond that
boundary if certain special conditions are respected now whether these conditions are realistic
or not uh it's still an open question and involves revisiting the physics that is relevant to to to



this regime of the universe and and that's still an open question so we basically classify these
different scenarios inflation of inflationary uh background expansions and we say well some
of them yes things can go wrong and for example you get singularities some of them we can
find that you can go beyond the boundaries and we show how mathematically you can go
beyond that past boundary of expansion um in fact some of our solution goes it looks like
they're going into a static universities some of them seem to be going into Contracting
universes | wrote this paper with my student Joe wazevsky and Paul Davies where we
highlighted that there is an ambiguity in the way that one defines the average expansion rate
of the universe in the bgp theorem and depending on how one defines this one can get
different answers and because of this we found that it is in fact possible to get find

(02)- mit pravy pocatek vesmir jako celek, ne, teorém netika, ze ik, Ze expanze vesmiru
musi mit pocatek teorém fika, Ze vesmir se nemohl vzdy rozpinat, takze jestli to znamena tam
byl zacatek, takze pak zacatek z néceho jiného, mozna néjaka jina fyzika nebo mozna zacatek
z jiné faze vesmiru, kterd se mozna smrstovala, mozna to bylo extatické, takze pak miizeme
prozkoumat vSechny tyto moznosti, zjevné bych Zadnou nevylucoval z nich az do 60. let 20.
stoleti védci véftili, Ze Cernd dira ma singularitu spiSe na svém obzoru nez pouze ve svém
stfedu, ale pak se ukazalo, Ze jde o iluzi vytvoienou $patnou volbou soufadnic. Nova prace
publikovana na zacatku tohoto roku zvazovala, zda velka Bang Singularita miiZe byt stejna,
kdyZ jsme se podivali na samotnou otazku, feknéme, Ze inflace se vzdy déje s minulosti a
mame Casoprostor, ktery se zda byt geodeticky velmi netplny podle vysledku Border good
for Lincoln, pak je minula hranice ten ¢asoprostor je jen artefakt soufadnic a mizeme ho
rozsifit za tu hranici do jiné faze vesmiru nebo je opravdu nerozsifitelny a singularni, mozna
ve smyslu zakfiveni Singularita, nasli jsme rizné podminky pro to, jak by se k tomu vesmir
mohl pfiblizit Ze minulé hranice prave tim spravnym zptsobem, aby ji bylo mozné rozsitit do
jiné faze vesmiru, jeden scénaf, ktery byl nalezen a ktery miiZe jit za hranici minulosti
stanovenou teorémem bgv, je takzvany rozhodovaci prostorocas, ktery je hypoteticky vesmir,
ktery nema hmotu, ale kosmologickou konstantu, kterd zptsobuje, Ze se prostor navzdy
rozpina tvar sediciho, vyklad je zna¢né nesrozumitelny je vesmir, ve kterém se rychlost
rozpinani zrychluje, takze je to prototyp inflacniho ¢asoprostoru, nyni nemiizeme Zzit s
pfesnym rozhodnutim, protoze je to idealizované feSeni a vime, Ze v naSem vesmiru mame
pole hmoty nejen kosmologickou konstantu, a tak kdyz mluvime o velmi raném vesmiru a
inflaci, mluvime o kvazi-k-sider prostorovych ¢asech, které nejsou zcela ohleduplné, ale
pravdépodobné velmi blizké. k sedicimu a pak otazka um je v potadku, mohly by se zdat
geodeticky netplné ty pticiny, které jsou Casoprostorem, ale jde o to, Ze artefaktem akordl
muizeme prodlouzit ¢asoprostor za zdanlivé nejlepsi hranici nebo ne a the boarding good
valencijsky teorém na tuto otazku neodpovida, rozhodli jsme se to také prozkoumat v

se stane totéz, existuji zpiisoby, jak to The Observers dosdhnout jit za hranici toho, kde
teorém fika diky stop a pak uh konkrétnéji jsme se podivali na geometrii samotnou takovou
geometrickou strukturu a vidime, Ze dobfe za urcitych podminek, pokud je tato inflacni, tak je
klasifikujeme a fikdme dobfe, toto je inflacni scénatr mohly by spadnout sem tam a rizné
tiidy, nékteré z nich ano, véci se mohou velmi pokazit, ale jsou n¢které z nich, u kterych se
geometricky nic dramatického ned¢je, miizete je rozsifit za tuto hranici, vstoupi do jiné faze
toho, co tam je fyzika a je to realizovatelné zatim jsme na to nepfisli, ale miiZete to udélat,
zjistili jsme, ze v kontextu bordeauxské teorémové véty mohou byt situace, kdy by se zdalo,



ze paprsky svétla koncily na hranici, skute¢né roz§ifeny za tuto hranici, pokud jsou nyni
dodrZeny urcité zvlastni podminky, zda tyto podminky jsou redlné nebo ne, je to stale
oteviena otazka a zahrnuje revizi fyziky, vyklad je znacné nesrozumitelny Ktera je relevantni
pro tento rezim vesmiru, a to je stale oteviena otdzka, takze v podstaté klasifikujeme tyto
rizné scénaie inflace inflacnich expanzi pozadi a fikdme dobte, n¢které z nich ano, véci se
mohou pokazit a napiiklad ziskate singularity, u né€kterych z nich mizeme zjistit, ze mtuzete
jit za hranice a ukdzeme, jak matematicky miZzete jit za minulou hranici expanze um ve
skute¢nosti nekteré nase feSeni jde vypada to, Ze jdou na statické univerzity, zda se, ze n¢kteti
z nich jdou do smluvnich vesmirt Tento ¢lanek jsem napsal se svym studentem Joem
Wazevskym a Paulem Daviesem, kde jsme zdiraznili, ze ve zptusobu, jakym ¢lovek definuje
pramérnou expanzi, existuje nejednoznacnost rychlost vesmiru v bgp teorému a v zavislosti
na tom, jak to ¢loveék definuje, miizeme ziskat rizné odpovédi, a proto jsme zjistili, Ze je ve
skute¢nosti mozné najit

(03)- Solutions which in general are inflating eternally into the past and into the future you
know this is a controversial Point somewhat but uh mathematicians would say that they use it
inappropriate definition for the um for duties of completeness the problem is with the bgb
theorem it depends on how you compute the um the average expansion rate right it depends
on the limits that we take and if you take the limit to be from the infinite path to a certain
point then you get one answer but if you take the uh but if you take the entire limit of this
from minus infinity plus infinity then you one gets a different answer for the expansion rate |
believe if we insist on on on inflation being really be happening all the way as far as we can
into the past then I I am and tend to tend to to believe that it was really a singularity because
one would need very special conditions for that space time to actually be extendable and exist
forever and for geodesics to be really complete um I cannot the possibility is there we derive
the conditions but it's this physically uh realistic the question is still open then I I if we drop
the the question the the assumption that inflation was really Eternal as far as we could into the
past | think many things can happen and many examples in which the universe did not have a
beginning or if we just um look for alternatives to inflation itself then most of the uh of the
theories that uh our people come up with are ones in which there was no Singularity
whatsoever and where the universe existed forever whether that be a cyclic Universe a
loitering emergent Universe a bouncing Universe the idea that the BTV can be violated by
either a static or a bouncing Universe was already known before the new paper so what's
different in this new work what was different was we found exact or more rigorous
geometrical structure to to show that some nothing drastically necessarily happens at the point
so the interpretation somewhere were saying well it means something like a singularity is
happening something bad is happening at the boundary and we are saying well geometrically
not necessarily yes some cases something drastically happening but there are also these other
cases that geodesics can be completed and can go beyond the boundary a prior contraction can
violate the condition of the bgv theorem that the Universe on average is expanding but how
viable is this scenario [Music] there may be problems with Contracting universes uh because
basically contract the universe are highly unstable um if you uh have for example you know
the galaxies are formed by gravitational instability you have a small over density and attracts
matter and it grows in flat space it grows faster than an expanding Universe when the universe
expands it slows down all these instabilities but in Contracting Universe it grows
catastrophically so if you have some inhomogeneities in this Contracting universe they would



uh grow out of hand for example if you have Bubble forming all these bubbles instead of
being driven away from one another they would be driven towards one another and so the
whole thing will filled up with bubbles and inflation will end to me it's pretty obvious that if
you want to get a bouncing scenario that works you have to go beyond the rounds of general
relativity but that is what we are doing in fact | have my favorite theory of modified gravity
which I think it works yes it is not the simplest theory of gravity that we know and love and
it's not an instant theory of gravity but I think more or less all of us know the limitation there
and we have to uh and it's not a theory so there's you know we know we have to go beyond
general relativity at what level and to what extent that's the question that everybody's
wondering um people do quantum gravity they're doing a very top-down approach to this uh
question now some people have um claimed that a bouncing cosmology is unstable and that
we will never get a nice six-man Universe if we start in a Contracting Universe now a lot of
these analyzes are again obtained using Einstein gravity and we have to go beyond our unsung
gravity and now there are concrete models where you can get a bouncing Universe with fairly
mild changes to the physics one possibility for going Beyond Einstein is a quantum theory of
gravity like Loops or strings another option is what are known as modified gravity theories
where slight tweaks are made to Einstein's equations one example of this is known as
kaskutron gravity so I'm working on this modified Gravity the version that me and
collaborator came up with about a decade ago | believe uh where it's very minimal adjustment
to general relativity in some sense uh because we don't add any uh new engines to the theory
if you would say something new matter component or anything it's just very minimally two
extra questions without any drastic implications in fact the reason I call it coscuton because if

(03)- Reseni, ktera se obecné vééné nafukuji do minulosti a do budoucnosti, vite, toto je
ponékud kontroverzni bod, ale matematici by fekli, Ze to pouZivaji nevhodnou definici pro
povinnosti Uplnosti problém je s bgb teorém, zalezi na tom, jak vypocitate primérnou rychlost
expanze, zavisi to na limitech, které bereme, a pokud vezmete limit z nekonecné cesty do
urcitého bodu, dostanete jednu odpovéd’, ale pokud vezmete uh, ale pokud vezmete cely tento
limit od minus nekonec¢na plus nekonec¢na, dostanete jinou odpovéd’ na miru expanze. Vétrim,
ze pokud budeme trvat na tom, ze inflace se skute¢né odehrava celou cestu, jak daleko
muzeme do minulosti, pak I jsem a mam sklon véfit, Ze to byla opravdu singularita, protoze
by ¢lovek potieboval velmi zvlastni podminky, aby ten Casoprostor byl skute¢né rozsititelny a
existoval navzdy a aby geodetika byla opravdu uplna um, nemohu, je tu moznost odvodit
podminky ale je to tak fyzikalné realistické, otdzka je stale oteviend, pak pokud tuto otazku
vypustime z predpokladu, Ze inflace byla skute¢né vécna, pokud jsme mohli do minulosti,
myslim, Ze se mlze stdt mnoho véci a mnoho ptikladl, ve kterych se vesmir nestal maji
pocatek, nebo pokud jen hleddme alternativy k samotné inflaci, pak vétsina teorii, se kterymi
nasi lidé ptfichazeji, jsou ty, ve kterych nebyla Zadna singularita a kde vesmir existoval
navzdy, at’ uz jde o cyklicky vesmir potulujici se vznikajici vesmir poskakujici vesmir
myslenka, ze BTV mize byt naruSena bud’ statickym, nebo poskakujicim vesmirem, byla
znama jiz pred vydanim nového ¢lanku, takze co je v této nové praci odlisné, co bylo jiné,
jsme nasli pfesnou nebo ptisnéj$i geometrickou strukturu ukézat, Ze v bod¢€ se néco drasticky
nutn¢ nedéje, takze interpretace nékde fikala dobfe, to znamena néco jako singularita se déje
néco Spatného se déje na hranici a fikame dobte geometricky ne nutné ano nekteré ptipady se
néco drasticky déje, ale jsou také tyto dalsi ptipady, ze geodetika mize byt dokoncena ?? a
muze jit za hranice, predchozi kontrakce miize porusit podminku teorému bgv, Ze vesmir se v



pruméru rozpina, ale jak Zivotaschopny je tento scénatr [Hudba] mohou byt problémy se
smluvnimi vesmiry uh protoze v zasadé je vesmir velmi nestabilni, pokud mate naptiklad vite,
ze galaxie jsou tvofeny gravitacni nestabilitou, mate malou nadmérnou hustotu a pfitahuje
hmotu a ta roste v plochém prostoru roste rychleji nez rozpinajici se vesmir, kdyz se vesmir
rozpina zpomaluje v§echny tyto nestability, ale ve smluvnim vesmiru roste katastrofalng,
takze pokud mate v tomto smluvnim vesmiru né¢jaké nehomogenity, vymknou se vam z rukou,
naptiklad pokud méate bublinu tvofici vSechny tyto bubliny misto toho, abyste byli odhanéni
jedna od druhé, byt hnani k sobé navzajem, a tak se cela véc naplni bublinami a inflace skonci
pro mé, je celkem ziejmé, ze pokud chcete ziskat , ktery funguje, musite jit za
hranice obecné teorie relativity, ale to je to, co my ve skute¢nosti mam svou oblibenou teorii
modifikované gravitace, o které si myslim, ze funguje ano, neni to ta nejjednodussi teorie
gravitace, kterou zname a milujeme, a neni to okamzita teorie gravitace, ale myslim, ze
vicemén¢ vSichni ji zname omezeni tam a my musime uh a neni to teorie, takze vime, ze
musime jit za obecnou relativitu, na jaké urovni a do jaké miry, to je otazka, nad kterou se
vSichni divi, Ze lidé délaji kvantovou gravitaci, délaji velmi $pickové. Postup k této otdzce
nyni néktefi lidé tvrdi, ze ‘Skékaj ici kosmologie je nestabilni\ a ze nikdy neziskame pékny
Sesti¢lenny vesmir, pokud zacneme ve smluvnim vesmiru, nyni je mnoho téchto analyz opét
ziskavano pomoci Einsteinovy gravitace a musime jit za hranice nasi neopévované gravitace a
nyni existuji konkrétni modely, kde méiZete ziskat [poskakujici vesmir s pomérmné mirnymi
zménami ve fyzice jednou moznosti, jak jit dal. Einstein je kvantova teorie gravitace jako
smycky nebo struny, dalsi moznosti je to, co jsou znamé jako modifikované teorie gravitace),
kde jsou provedeny drobné upravy v Einsteinovych rovnicich, jeden ptiklad je znamy jako
kaskutronova gravitace, takze pracuji na této modifikované gravitaci, verzi, se kterou jsme ja
a spolupracovnik pfisli asi pied deseti lety. Minimalni pfizptisobeni obecné teorii relativity v
urcitém smyslu, protoze do teorie nepfiddvame zadné nové motory, pokud byste fekli néco
nového, soucast hmoty nebo cokoli, jsou to jen velmi minimaln¢ dvé otazky navic bez
jakychkoli drastickych disledki ve skute¢nosti diivod, pro¢ tomu fikam €oscuton protoze
kdyby

(04)- anybody that has done gardening there are these plants that go around other plants but
they don't have any Roots they just follow other things so they do have some impact but
they're not like at each new leads or anything in your garden that can grow on them by
themselves so kaskuta is the Latin name for those plants so I use the | named because it's kind
of like that it's kind of like a pro parasite that modifies things slightly but yeah it doesn't just
grow out of nothing and this Theory seems to achieve exactly uh what a bouncing scenario
would require require to go from expand contraction into expansion which basically with this
slight adjustment it makes the background a space-time bounce off without this other
component if they were there we would run so that that was the usual problem in the old way
why the bouncing scenario were problematic because you had this additional things running
around and then at the bounce they would blow up but now you don't have them so therefore
you get a background space time to bounce off without anything else going wrong within the
context of Einstein gravity it's actually impossible to get a cosmological sounds without
violating certain energy conditions in other words having some unusual form of of matter
involved we say the null energy conditions but what we have done now is we have considered
some other theories outside of Einstein gravity theories in Einstein's gravity part of the reason



for this is Einstein's Gravity the way it works out which is quite beautiful is on the left hand
side of the equation we have the curvature of space and time on the right hand side of the
equation we have the energy density of matter even at the most fundamental level of the
equation sorry from an action principle that you can separate matter from curvature in in a
direct way but there are ways that we have found that you can braid together the space time
the gravity with the matter content and it becomes much less trivial to disentangle the two
from one another and Within These models using this kind of matter which we call it it's a
galileon matter we call it uh it is in fact possible to get a bounce to violate the null energy
condition which is the necessary criteria for to get a balance in the first place and to do itin a
way that's stable without the the typical problems that one can encounter in a in a Contracting
Universe there's also a scenario which we call the emerged Universe scenario and now the
idea is that there's some the physics that describes matter and gravity at the quantum level that
might lead to a state which has no usual space-time interpretation it's a quantum mechanical
State and then out of that state we might obtain an expanded universe and in 1989 vaf and
myself we had a toy model this called string gas cosmology where we started from basic ideas
of string theory ideas that differentiate Point particle theories from string theories and recently
we have we've developed or postulated an implementation of the output starts from deeper
concepts of super strength Theory this is a so-called matrix model and out of this matrix
model we obtain in space and time and this matrix model it's uh it's a matrix model in a finer
temperature State and in a finite temperature State you have thermal fluctuations like you
have fluctuations in a hot gas and then we we showed how these fluctuations can give rise to
the inhomogeneities and anisotopies which are observed in the universe so the emergent
scenario is the third um scenario for the evolution of the universe so that's the standard big
buying scenario where Universe starts in a singularity there's a bouncing scenario and that's
the important scenario poor decos and belenken have suggests that inflation cannot be passed
Eternal so it must have had a big beginning at least that's the way that they they portray it but
what really it is about is um is a trajectory of a particle if you look at it and it goes back into
the past and what this particle experiences now the question is does that actually tell us
anything about the universe as we know it now particles as we know don't actually make up
the universe now so University of quantum universe is not made out of particles they're made
out of fields so particles are only an approximation in certain limits and especially when you
go to Early times when things become more Quantum they notice that particle becomes less
and less defined but what does it tell us about our universe um if our universe is not made out
of particles but made out of quantum fields and it's not necessarily classical geometry where
the quantum geometry so these are all assumptions that we know are going to break down
other times and we know fundamentally cannot be correct in a quantum theory of gravity or
guantum theory of a space time it could be that the whole concept of a Continuum

(04)- kazdy, kdo se zabyval zahradnictvim, tam jsou tyto rostliny, které obchazeji jiné
rostliny, ale nemaji Zadné koteny, pouze sleduji jiné véci, takze maji n&jaky dopad, ale nejsou
jako u kazdého nového vedeni nebo ¢ehokoli v vase zahrada, ktera na nich miize rist sama od
sebe, takZe kaskuta je latinsky nazev pro ty rostliny, takZe pouzivam to, co jsem pojmenoval,
protoZe je to néco jako, Ze je to néco jako profesiondlni parazit, ktery véci mirn€ upravuje, ale
ano, nevyroste jen o nicem a zda se, Ze tato teorie dosahuje presné toho, co by scénai skakani
vyZadoval, aby se pteslo z expanzni kontrakce do expanze, ktera v podstaté s touto mirnou
upravou zpusobi, ze se pozadi odrazi v Casoprostoru bez této dalsi slozky, pokud by tam byly.



bézet tak, ze to byl obvykly problém starym zplisobem, pro¢ byl scénat odrazeni
problematicky, protoze jste méli tyto dalsi véci pobihajici kolem a pak pfi odrazu vybuchly,
ale ted’ je nemate, takze ziskate prostor na pozadi Cas se odrazit, aniz by se cokoliv jiného
pokazilo v kontextu Einsteinovy gravitace, je vlastné nemozné ziskat kosmologické zvuky
bez poruseni urcitych energetickych podminek, jinymi slovy, pokud je zapojena néjaka
neobvykla forma hmoty, fikdme podminky nulové energie, ale co jsme ud¢lali nyni jsme
uvazovali o n¢kterych dalSich teoriich mimo Einsteinovy teorie gravitace v Einsteinové
gravitacni ¢asti, divodem je Einsteinova gravitace, zpusob, jakym to funguje, coz je docela
krasné, je na levé strané rovnice zaktiveni prostoru a ¢asu na pravé strané rovnice mame
hustotu energie hmoty i na té nejzakladnéjsi urovni rovnice, Jenze jste stale nepfisli na ten
podvod fyzikalnich velikant, Ze gravitacni konstanta nemtize ,,nést* rozmeéry, je to pouze
Cislo. Prifazovat ke gravitancni konstanté G rozméry, je podvod...omlouvame se za akéni
princip, kterym muzete oddélit hmotu od zakiiveni ptimym zplisobem, ale existuji zptisoby,
‘kte ré jsme na§li‘ ze muzete splést dohromady Casoprostor, gravitaci s obsahem hmoty a stane
se mnohem mén¢ trivialni oddélit je od sebe a uvniti Tyto modely pouzivajici tento druh
hmoty, kterému Fikame, je to |galileonova hmotd), ?? fikdme tomu uh to je ve skute¢nosti je
mozné dosahnout odrazu, abyste porusili podminku nulové energie, ktera je nezbytnym
kritériem pro ziskani rovnovahy v prvni fad¢, a to zptisobem, ktery je stabilni bez typickych
problémi, s nimiz se ¢lovék mize setkat v kontraktaci. Vesmir existuje také scénat, ktery
nazyvame scénaf vzniklého vesmiru, a nyni je mySlenkou, ze existuje n¢jaka fyzika, ktera
popisuje hmotu a gravitaci na kvantové tirovni, coz miize vést ke stavu, ktery nemé obvyklou
casoprostorovou interpretaci, je to kvantové mechanicky Stav a pak z tohoto stavu bychom
mohli ziskat rozsifeny vesmir a v roce 1989 vaf a ja jsme méli model hracky, kterému se
fikalo kosmologie strunovych plynil, kde jsme vychazeli ze zakladnich myslenek, myslenek
teorie strun, které odlisuji teorie bodovych ¢astic od teorii strun, a nedavno jsme vyvinuli
jsme nebo postulovali implementaci vystupu vychazi z hlubsich konceptt teorie ?? supersily
toto je takzvany maticovy model a z tohoto maticového modelu ziskdme v prostoru a ¢ase a
tento maticovy model ?? je to maticovy model v jemng&jsi stav teploty a stav s kone¢nou
teplotou mate tepelné fluktuace, ?? jako kdyz mate fluktuace v horkém plynu, a pak jsme
ukazali, jak tyto fluktuace mohou zpusobit nehomogenity a anizotopie, které jsou pozorovany
ve vesmiru, takze vznikajici scénaf je tieti scénaf evoluce vesmirul, takZe to je standardni
scénaf velkych nakupi, kde vesmir zagind v singularitd, existuje scénar poskakovani|a to je
dulezity scénaf, ktery chudi decos a belenken naznacuji, Ze inflaci nelze piekonat. Hosi
tapete v bludisti vymysla... VéEnou, takze musela mit velkou na zacatku je to alespon tak, jak
to zobrazuji, ale ve skutecnosti to je, ze je to trajektorie ¢astice, kdyZz se na ni podivate, vrati
se do minulosti O.K. ale jen v zajeti mikrosvéta, jen na planckové trovni, ve Skalach
planckovych velikosti...a co tato ¢astice zaZiva nyni, otazkou je, zda to skutecné fikd mame
cokoli o vesmiru, jak ho zname, ¢astice, jak ho zname, nyni ve skutecnosti netvori vesmir,
takze Univerzita kvantového vesmiru se nesklada z ¢astic, ale z poli, takze ¢astice jsou pouze
aproximaci v ur¢itych mezich a zvlasté kdyz ptjdete do ranych ¢ast, kdy se veci stavaji vice
kvantovymi, v§imnou si, ze ¢astice se stavaji mén¢ a méné definované, ale co nam to tika o
nasem vesmiru, pokud nas vesmir neni vyroben z ¢astic, ale z kvantovych poli a neni nutné
klasicka geometrie, kde je kvantova geometrie, takze to jsou vSechno ptedpoklady, o kterych
vime, Ze se jindy zhrouti a vime, Ze v zdsad¢ nemohou byt spravné v kvantove teorii gravitace
nebo kvantové teorii casoprostoru, mohlo by to byt tak, Ze cely koncept kontinua




(05)- space-time completely breaks down perhaps the the concept of time and even of space
we lose it and if we lose it then maybe the question of was there a beginning if that question is
nonsensical in first place [Music]

23:09

[Music]

(05)- casoprostoru mozna uplné nabourava pojem ¢asu a dokonce i prostoru, ztracime
ho, a kdyz ho ztratime, mozna otazka, jestli je tam zacatek, kdyz je ta otazka nesmyslna
[Hudba] 23:09 [Hudba] Hosi, tapete, ale krasné tvofive tapete...
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