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Paul Steinhardt On Why We Need to Question String Theory!

Paul Steinhardt o tom, pro¢ potiebujeme zpochybinovat teorii strun!

Dr Brian Keating
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207 zhlédnuti 27. 4. 2024 Brian Keating's Into The Impossible Podcast

Join my mailing list https://briankeating.com/list to win a real 4 billion year old meteorite! All
.edu emails in the USA us will WIN! Many argue that there is a big difference between
theoretical physics in the 20th and 21st century. They claim that there have been no new
theoretical developments in physics since the mid-70s. | asked the legendary physicist Paul
Steinhardt what he thought of these claims and what he would like to see ambitious
theoretical physicists doing today. Enjoy! If you liked this clip, check out our full interview

here: _II * Paul Steinhardt: The Second Kind of I... Paul J. Steinhardt is the Albert
Einstein Professor of Science at Princeton University. His pioneering work has significantly
impacted our understanding of the universe’s early moments and its fundamental constituents.
Throughout his career, Steinhardt made significant contributions to theoretical cosmology,
condensed matter physics, and the study of quasicrystals. He is arguably best known for
developing the inflationary model of the early expansion of the Universe, a groundbreaking
theory that explains the uniformity of the Universe on large scales. He also challenged
conventional cosmological paradigms with his work on the cyclic model of the Universe,
proposing a cyclic theory of cosmic evolution in which universes are endlessly born, expand,
contract, and rebound.

Ptipojte se k mému mailing listu https://briankeating.com/list a vyhrajte skutecny 4 miliardy
let stary meteorit! Viechny .edu e-maily v USA us VYHRAIJI! Mnozi tvrdi, Ze mezi
teoretickou fyzikou ve 20. a 21. stoleti je velky rozdil. Tvrdi, ze od poloviny 70. let
Ve fyzice k 4dnému novému teoretickému vyvojil. Doslo, pouze ho fyzikové opomiji
komentovat... Zeptal jsem se legendarniho fyzika Paula Steinhardta, co si o téchto tvrzenich
mysli a co by si pral, aby dnes ambicidzni teoreticti fyzici délali. Uzivat si! Pokud se vdm
tento klip libil, podivejte se na nas Gplny rozhovor zde: * Paul Steinhardt: The Second Kind of
I... Paul J. Steinhardt je profesorem védy Alberta Einsteina na Princetonské univerzité. Jeho
prakopnickd prace vyznamné ovlivnila naSe chdpani ranych okamzikli vesmiru a jeho
zakladnich slozek. Béhem své kariéry Steinhardt vyznamné ptispél k teoretické kosmologii,
fyzice kondenzovanych latek a studiu kvazikrystali. Pravdépodobné nejlépe znamy pro vyvoj
infla¢niho modelu rané expanze vesmiru, ptelomové teorie, kterd vysvétluje uniformitu
vesmiru ve velkych méftitcich. Svou praci na cyklickém modelu vesmiru take zpochybnil
konvenc¢ni kosmologicka paradigmata a navrhl cyklickou teorii kosmického vyvoje, v niz
se vesmiry donekonec¢na rodi, rozpinaji, smrst’uji a odrazeji. Souhlasim, a navic vim, Ze
moje vize cyklickych episod vesmiru je jina nez fyziku kosmologi
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(01)- If that is what you're being told you should be challenging yourself to ask is that really
true what really makes me believe it's true is it because authorities are telling me that or or can
| think of any other way around it | wonder you know in your career which you know you're
still young but you've you've seen you know you bridge the gap from the you know the
greatest physicists of the of the 20th century and now into the 21st century that that you're
helping to lead at the VVanguard | mean what do you see as a difference between the way that
thetical physics works there's a a book now called Lost in Math by a physicist named Sabina
hen felter in Germany was very critical of modern theoretical physics of course she gives a
real short shrift to experiment but she which I think is blossomed in astronomy and
cosmology experiments in particular of course I'm biased but but she really says there haven't
been any new you know theoretical developments in physics since the mid 70s | wonder you a
do you agree with that and B do you think that the symptom of of something if you do agree
with it or or or is there something else going on in the culture that uh that we need to be aware
of that's a good question uh I I think there um I think that the um there the last few decades
has been um a unusual in the course of theoretical physics I think you know when | when |
was coming into the field up until the time 1 was coming into the field | think there was very
close interaction between Theory and experiment both in the areas of fundamental physics
and there were soon to be in in cosmology uh just's say particle physics fundamental physics
and and cosmology and um | think that the um the uh beginning in the 1980s there were an
you know two prevalent ideas that began to take over many people's thinking one of which
was we call Super string theory or string theory in ter as a as a possible description of the
fundamental forces and constituents of Nature and the other in cosmology this idea of
inflationary cosmology the idea that we can explain why the universe is the way it is because
um the universe after the big bang underw a period of EX rapid stretching or accelerated
expansion that smoothed it out and um these ideas propagated in a way which did um on the
string theory side had very little connection with observation because String Theory more or
less involves energy scales that are beyond our uh direct testing but to the degree to which it
had some implications uh some strong suggestions of what we should see uh what we learned
over the last decade since then is that essentially all those suggestions have not worked out so
String Theory suggested that we should have a whole new set of particles called super
symmetric partners that were supposed to be observed at the Large Hadron Collider at CERN
we don't see those it's suggested that dark matter is probably a particular kind species of
particle called a wimp a weakly interacting mass of particle we don't see that um it is an idea
which is hard to accommodate with the idea that we the observation that we've discovered
since the uh uh disc since the um introduction String Theory the Discover that the universe is
uh undergoing a period of accelerated expansion that seems hard to accommodate in string
theory uh the idea of inflation seems hard to accommaodate in string theory um so and yet the
idea is still prevalent today it's prevalent because you know several generations of young
theorists have been told from the start that you know this is the only idea we have for making
a unified theory of quantum physics and gravity and the other interactions and perhaps it's so
but when you have a track record like that you would expect nor under healthy conditions
there should be other ideas out there you there should be a healthy opposition that says well
here's some uh competing ideas and I think that one of the things that happened in string
theory and I'll talk again about cosmology in a moment uh is that there there's also a strong
there's a new element in the game which is a very strong social network uh it's related to the



internet and it's Rel related to the way the field has self-organized itself it has a very strong
sociopolitical component to it as well as a scientific component that strongly encourages
students to you know to to take this idea and assume it a as an essential ingredient from the
start so | understand that they're enthusiasts but it disturbs me when | hear a young person
begin with a statement like well we all know string theory is the correct description of the
universe and based on what why aren't you questioning that assumption it goes back to the

01)- Pokud je to to, co vam bylo feceno, Ze byste se méli vyzvat, abyste se zeptali, je to
opravdu pravda, co mé¢ skutecné nuti véfit, Ze je to pravda, je to, Ze mi to urady fikaji nebo si
mohu vymyslet jiny zpisob, jak to obejit Zajimalo by mé, Ze ve své kariéte vis, Ze jsi jeste
mlady, ale vidél jsi, ze pteklenujes propast mezi nejlepsimi fyziky 20. stoleti a nyni do 21.
stoleti, Ze pomahate vést Vanguard. Myslim tim, jaky vidite rozdil mezi tim, jak funguje
teticka fyzika, existuje kniha, ktera se nyni jmenuje Lost in Math od fyziky jménem Sabina
hen Felder v Némecku, je to ostuda, Ze titulovany Pavel neumi ani na papir napsat jméno
védkyné Sabiny Hossenfelderové, kterd byla velmi kriticka k moderni teoretické fyzice.
Samoziejmé, Ze dava opravdu kratky ¢as na experimenty, ale ona, o které si myslim, Ze kvetla
v astronomii a experimentech v kosmologii zejména, samoziejm¢ jsem zaujaty, ale ona
opravdu tika, Ze od poloviny roku nedoslo k zadnému novému teoretickému vyvoji ve fyzice.
70. 1éta Zajimalo by mé a souhlasite s tim a B myslite si, ze symptom néceho, pokud s tim
souhlasite, nebo nebo se v kultutfe déje néco jin¢ho, ¢eho si musime byt védomi, ze je to dobra
otazka uh, myslim, ze tam um, myslim, Ze to, co tam bylo poslednich n€kolik desetileti, bylo
v pribéhu teoretické fyziky neobvyklé pole Myslim si, Ze mezi teorii a experimentem byla
velmi Uzka interakce jak v oblastech zakladni fyziky, tak brzy se objevily i v kosmologii,
feknéme Casticova fyzika, zdkladni fyzika a kosmologie a um, myslim, Ze ten zacatek v V 80.
letech 20. stoleti existovaly dvé ptevladajici myslenky, které zacaly ptebirat mysleni mnoha
lidi, z nichz jedna byla nazyvana teorii superstrun nebo teorii strun jako mozny popis
zékladnich sil a slozek ptirody a druhou v kosmologii. tato mySlenka inflacni kosmologie
mySlenka, ze mizeme vysvétlit, pro€ je vesmir takovy, jaky je, protoze vesmir po velkém
tresku proSel obdobim EX rychlého natahovani nebo zrychlené expanze, kterd jej vyhladila a
tyto myslenky se Sifily zptisobem, ktery um na strang teorie strun mélo velmi malou
souvislost s pozorovanim, protoZe teorie strun vicemén¢ zahrnuje energetické skaly, které
Jjsou mimo na$e piimé testovani, ale do té miry, do jaké méla néjaké dusledky, nékteré silné
navrhy toho, co bychom méli vidét, uh co za posledni dekédu od té doby jsme se dozveédéli,
ze v podstaté vSechny tyto navrhy nefungovaly, takze Teorie strun navrhla, Ze bychom méli
mit zcela novou sadu ¢astic zvanych super symetricky partneti, které mély byt pozorovany na
Velkém hadronovém urychlovaci v CERNu. nevidim je, predpoklada se, ze temnd hmota je
pravdépodobné zvlastni druh ¢astice nazyvany wimp slabé interagujici hmota ¢astice, kterou
nevidime, Ze je to predstava, kterd se t€zko snasi s myslenkou, ze pozorujeme ktery jsme
objevili od uh uh disku od um zavedeni Teorie strun Objevte, Ze vesmir prochdzi obdobim
zrychlené expanze, kterd se zda byt t€zko pfizplsobitelna v teorii strun hm, zda se, Ze
myslenku inflace je t€zké pfizplisobit teorii strun um a ptesto tato myslenka prevlada i dnes,
je prevladajici, protoze vite, ze n€kolika generacim mladych teoretikli bylo od zacatku feceno,
ze vite, ze je to jedind mysSlenka, kterou mame pro vytvoreni jednotné teorie kvantové fyziky
a gravitace a dalSich interakci a mozna je to tak, ale kdyz mate takové vysledky, které byste
ocekéavali, ani za zdravych podminek by tam nemély byt jiné napady, méli byste existovat
zdrava opozice, ktera fika dobfte, tady je n€kolik konkuren¢nich népadii a myslim, Ze jedna z



véci, Stalo se to v teorii strun a za chvili budu znovu mluvit o kosmologii, uh, je to, ze ve hie
je také silny novy prvek, kterym je velmi silna sociélni sit’, souvisi to s internetem a souvisi to
se zpusobem Rel obor se samoorganizoval, ma velmi silnou sociopolitickou slozku a také
védeckou slozku, ktera siln¢ povzbuzuje studenty, abyste véd¢li, aby tuto myslenku pfijali a
povazovali ji za zékladni slozku od zacatku, takze chapu, ze Jsem nadSenci, ale znepokojuje
mé, kdyz sly§im mladého ¢loveka zacit prohldSenim, ze vSichni vime, Ze teorie strun je
spravny popis vesmiru a pro¢ nezpochybnujete tento ptedpoklad, Ze se vraci do

(02)- second kind of impossible idea if that is what you being told you should be challenging
your challenging yourself to ask is that really true what really makes me believe it's true is it
because authorities are telling me that uh because or or can | think of any other way around it
it just surprises me that there isn't more competition there's a similar story in cosmology the
story is a little bit different uh their uh inflation began the idea of inflationary inflationary
Universe idea began as a rather simple and compelling idea um uh in fact that's it was a study
of inflation that brought me into cosmology in the first place um but what we discovered over
the years is two interesting things uh number one that the early ideas that we thought inflation
would are ideas of inflationary cosmology and what it would predict those predictions turned
out to be verified by observation so far with one notable exception on the other hand we
learned that the theory doesn't work the way we thought it did it doesn't make those
predictions at all uh you know we had not properly understood how the theory would work
how what the role of quantum physics would be when combined with gravity when you have
inflation involved and so at the same time the justification for those predictions has
disappeared we really need a new idea and again you know what's happened in the field is
that because our early misconception of the inflationary Theory led to so-called predictions
what we thought were predictions that turned out to be true many people just take for granted
the theory must somehow be right even if our understanding of the theory today doesn't
correspond to our early understanding of it that's say the predictions are no longer can no
longer be justified as coming from the theory uh and again there's just too few people who are
challenging the idea that we have to have a big bang or that we have to have inflation even
though those ideas are not really explaining the data that you and other colleagues of of yours
the experimentalists and observers are finding uh in fact one of the things that inflation would
generally predict is that you should have had um a spectrum of gravitational waves that
should have been of of cosmic wavelengths Cosmic scales and they should have been strong
enough to be observed today and so far we're not seeing them and that's you know even
observationally a a direct challenge to the theory and um nevertheless what you see is that
what most people are doing including most young people is they're just trying to add bells and
whistles to the theory that will help it to evade the current observational constraints or the
next round of observational constraints rather than ask the obvious question which is um is it
possible that the ideas and which we've been assuming all along are wrong and if so can we
use the observations we have to come up with a new and better idea so it's been a strange
period where uh strong social networks and uh you know supporting these different ideas and
and the way in fact supporting the two of them together oftentimes you know has helped
support ideas when | there certainly has to be opportunity for new ideas given what we've
8:28

Learned



(02)- druhy druh nemozného napadu, pokud je to to, o ¢em vam bylo feceno, ze byste méli
vyzvat svou vyzvu, abyste se zeptali, je, Ze je to skute¢n¢ pravda, diky cemuz veéfim, Ze je to
pravda, je to, Ze mi ufady fikaji, ze uh, protoze nebo mohu pfemyslejte o jiném zptisobu, jak
to obejit, jen me& prekvapuje, Ze neexistuje vetsi konkurence, podobny ptibéh je v kosmologii
ptibch je trochu jiny uh jejich inflace zacala myslenka inflaéniho vesmiru myslenka zacala
jako pomérné jednoducha a presvédciva myslenka ehm, ve skutecnosti to byla studie inflace,
ktera m¢ piivedla do kosmologie na prvnim misté um, ale to, co jsme objevili v prib¢hu let,
jsou \dvé zajimave Vécil, ehm za 01), Ze prvni myslenky, o kterych jsme si mysleli, Ze inflace
bude, jsou myslenky infla¢ni kosmologie a to, co by predpovédélo tyto predpovedi, se
ukazalo jako ovéfené pozorovanim az na jednu vyznamnou vyjimku, na druhou stranu jsme se
dozvédéeli, ze teorie nefunguje tak, jak jsme si mysleli, Ze tyto pfedpovédi viibec nedéla, uh ty
Vim, Ze jsme poiadné nepochopili, jak by teorie fungovala, jaké by byla role kvantové fyziky
v kombinaci s gravitaci, kdyz je do toho zapojena inflace, a tak zaroven zmizelo
ospravedInéni téchto pfedpovédi, opravdu potiebujeme novy napad HDV a znovu vite, co
se v této oblasti stalo, protoZe naSe rana predstava o inflacni teorii vedla k takzvanym
ptedpovédim, o kterych jsme si mysleli, ze jsou predpovédi, které se ukazaly byt pravdivé,
mnoho lidi prosté povaZuje za samoziejmost, Ze teorie musi byt néjakym zpisobem spravna, i
kdyZ naSe chapani dnesni teorie neodpovida nasemu ranému chapani, to znamena, ze
predpovédi jiz nelze ospravedlnit jako pochézejici z teorie a opét je jen piilis malo lidi, ktefi
zpochybiiuji myslenku, ze musime mit velky tfesk nebo ze musime mit inflaci, 1 kdyz tyto
mysSlenky ve skutecnosti nevysvétluji data, kterd vy a dalsi vasi kolegové, experimentétofi a
pozorovatelé zjisStujete, ve skutecnosti jedna z véci, které by inflace obecné piedpovidala, je,
ze byste méli mit mél spektrum gravitacnich vin, které¢ by mély mit kosmické vinové délky a
mély byt dostatecné silné na to, aby je bylo mozné pozorovat dnes, a zatim je nevidime, a to
je, jak vite, dokonce i1 pozorovanim, pfimou vyzvou pro teorii a hm, nicméné vidite, Ze to, co
vétsina lidi déla, veetné vétSiny mladych lidi, je, Ze se jen pokouseji ptidat zvonky a pistalky
do teorie, ktera ji pomize vyhnout se sou¢asnym pozorovacim omezenim nebo dal§imu kolu
pozorovacich omezeni, spiSe nez se ptat ziejma otazka, ktera zni, je mozné, Ze myslenky a
které jsme celou dobu predpokladali, jsou Spatné, a pokud ano, mizeme pouZzit pozorovani,
musime prijit s novym a lepSim napadem, HDV takze to bylo zvlastni obdobi, kdy uh silné
socialni sit¢ a vite, ze podporujete tyto riizné myslenky a zptisob, jakym je vlastné
podporujete spole¢né, Castokrat vite pomohl podpofit napady, kdyz vzhledem k tomu, co
mame, urcité musi byt piileZitost pro nové napady

8:28 naucil se... fe¢ pana Paula Steinhardta je vskutku neutésena, kostrbata, neplynula,
nema slohovou kvalitu, a je pomérné nesrozumitelna nema hlavu-patu, ¢tenar musi slozité
dedukovat — to pak vede k chudob¢ obsahu takové ,,védecké prace®. Prosté fuj !

JN, 27.04.2024



