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The James Webb Space Telescope
Could Solve One of Cosmology’s
Deepest Mysteries
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(01)- The observatory’s unprecedented infrared measurements might at last bridge a growing
rift between astronomers over how fast the universe is expanding

« By Daniel Leonard on January 25, 2022
On Christmas morning of 2021, astronomers watched their new, greatest tool successfully
blast off into space. Now the James Webb Space Telescope (JWST) is fully deployed and has
arrived at its deep-space destination, a quiet locale 1.5 million kilometers beyond Earth.
Massimo Stiavelli heads the JWST Mission Office at the institute that allocates research time
on the telescope. According to Stiavelli, “every area of science is covered” in the proposals
his group has approved, from the search for potentially habitable exoplanets to studies of the
earliest stars. Yet he is particularly hopeful that JWST could help settle one of the biggest
controversies in modern astronomy: the dispute about the expansion rate of the universe.
“If you try to measure the current expansion rate, well, there’s a variety of techniques that
people use, and they tend to get a certain number,” says Tommaso Treu, an astrophysicist at
the University of California, Los Angeles. “And it turns out that those numbers don’t match.”
Measurements of the universe’s expansion rate, known as the Hubble constant, currently
cluster around two figures: 67 and 73. Each number is an expression of the same thing—the
kilometers-per-second rate of cosmic expansion per every megaparsec (roughly 3.26 million
light-years) of space. Although seemingly slight, the difference between these figures is
enormous in comparison with the high-precision agreement that exists for other cosmological
measurements. Simply put, something is not adding up.
Researchers are not sure how to account for this discrepancy, which they call the Hubble
tension. It may just be an error resulting from the different ways the Hubble constant is being
measured. Otherwise, the tension could spell trouble for our current understanding of physics,
forcing theorists to revisit (and perhaps even discard) some of their most cherished models.
“The quest to measure the expansion rate goes back around 100 years,” says Adam Riess, an
astrophysicist at Johns Hopkins University. Scientists taking part in that quest fall into two
main camps.
The first camp gathers data from the very early universe. These researchers rely on the cosmic
microwave background, a residual glow of radiation from roughly 400,000 years after the big
bang. By taking measurements from the cosmic microwave background and extrapolating
them into the present using our best physical models, astronomers in this camp can reach an
estimate for the expansion rate of the universe today. Their calculations indicate that the
Hubble constant is around 67.
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But Riess adds that JWST will not improve measurements of this kind. Microwaves from the
early universe have wavelengths that are too long for JIWST—which focuses on infrared
light—to detect. Instead JWST has the potential to improve results from the other camp (of
which Riess is a prominent member): local measurements.

“Local” is a relative term. Here, it refers to measurements of the Hubble constant that hinge
on calculating the distances to stars and galaxies, which may be “only” millions of light-years
away. “Measuring distances is what you need to measure the Hubble constant because the
Hubble constant is how distances change over time,” Treu says.

Astronomers have found a few ways to gauge such celestial distances. Most of them rely on
“standard candles,” astronomical objects of known brightness. By comparing such an object’s
actual, intrinsic brightness with its apparent brightness through a telescope, observers can
reliably determine its distance from Earth.

Wendy Freedman, an astronomer at the University of Chicago, uses a certain class of red
giant stars as her preferred standard candle. “The physics [of these stars] leads to this standard
luminosity,” which makes them perfect distance indicators, Freedman explains. Using the
Hubble Space Telescope to observe these red giants, Freedman’s team arrived at an estimate
for the Hubble constant in 2019: roughly 70.

(01)- Bezprecedentni infracervené méteni observatore mohl kone¢né mostu rostouci propast
mezi astronomy nad tim, jak rychle se vesmir rozpina - By Daniel Leonard dne 25. ledna
2022

Na vanoénim rénu 2021, astronomove sledovali jejich novy, nejvétsi nastroj aspésné
odstartovat do vesmiru. Nyni je James Webb Space Telescope (JWST) je pIn¢ zaveden a
dorazil na jeho hlubokého vesmiru destinace, klidné locale 1,5 milionu kilometra mimo Zemi.
Massimo Stiavelli vede JWST pracovisti mise v Gstavu, ktery pridéluje vyzkum ¢as na
dalekohledu. Podle Stiavelli, ,,kazda oblast védy je pokryta“ v navrzich schvalil jeho skupiny,
z hledani potencialné obyvatelnych exoplanet do studia nejstarSich hvézd. Piesto je obzvlasté
doufa, ze JWST by mohly pomoci urovnat jednu z nejvétsich kontroverzi v moderni
astronomii: spor o rychlosti rozpinani vesmiru. A ta chyba, kterou budou muset fyzikové
,»objevit®, neni ve §patném meéteni, ale v tom dosazovani namétenbych hodnot do...do chybné
matematiky,... je v tom, ze se Vesmir nerozpina axialné-Hubbleovsky v=H.d ,ale rozb
aluje se—> http://www.hypothesis-of-universe.com/docs/c/c_239.jpg , tedy rozbaluji
se nelinearné 3+3 dimenze Casoprostoru, ktery byl po velkém tiesku ,,pénovity* ( viici
vakuum ) €ili velmi siln€ ,,zmuchlany* = zakfiveny casoprostor, kterému fyzika tika kvark-
gluonové plazma. V tomto prostiedi se rodi ,,balicky = elementarni ¢astice* sbalenych
smotanych dimenzi ( 25 zakladnich hmotovych ¢astic — Standardni model ), které se déale bali-
kompaktifikuji do ,,shlukti®, nejdfive jako atomy, pak molekuly, pak slouCeniny az biologie a
az DNA. V této ,,chaotické plazmé&® kiivych dimenzi probiha tedy dvoji vyvoj : &) sbalovani
dimenzi do pevnych neménnych bali¢ki-klubi¢ek-geont ( ¢astice hmoty) a b) rozbalovavani
,,okolniho* chaotického ¢asoprostoru do méné kiivych stavi jako jsou fyzikalni pole ..., a
dale rozbaleny ¢p je onen globalni ¢asoprostor mezigalakticky, takova ,,smés* riiznych
negeometrickych kifivosti polorozbalenych.

Atd.
jak popisuji vice slovy jinde v HDV. Neni od véci jesté ptipomenout i ,,jiné rozpinani-
rozbalovavani : ¢asu. Nikdo zatim nevi zda tempo plynuti casu je od velkého Tresku stale
stejné jako dnes, a zda se v d&jinnych etapach také neménilo ke dnesku 13,8 miliard let od
Ttesku, tedy zda se neménilo to tempo plynuti, protoze vime uz 100 let z STR, Ze se tempo
plynuti casu méni dnes = ve stopstavu = stop-Case vzhledem ke zvolenému pozorovateli, napf.
Pozemst'an, pasovanému do klidu a ktery pozoruje do Vesmiru pohyb téles nejen jejich
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rychlosti vzdalovani, ale i ,,pohyb* do minulosti...kde STR tvrdi, ze tempo dilatuje, tedy ze
na kvasaru pobliZ horizontu viditelnosti uz cas bézi strasn¢ pomalu ( ale pozorovatel ,,na
kvasaru® si to nemysli ). Atd.

,,PFi pokusu o zméteni aktudlni rychlost rozpinani, no, je tu celé rada technik, které lidé
pouzivaji, a maji tendenci se dostat urcity pocet,” fika Tommaso Treu, astrofyzik z
University of California v Los Angeles. ,,A ukazalo se, Ze tato ¢isla se neshoduji. “Méreni
rychlosti rozpinani vesmiru, znamy jako konstanta Hubblea, v souc¢asné dob¢ klastr kolem
dvou ¢isel: 67 a 73. Kazdé ¢islo je vyrazem totéz-miry Kilometra za sekundu kosmické
expanze za kazdou megaparsek (zhruba 3,26 milionu svételnych let) prostoru. I kdyz zdanlivé
nepatrny rozdil mezi témito ¢isly je obrovsky ve srovnani s dohodou s vysokou piesnosti,
ktera existuje u jinych kosmologickych méfeni. Méfeni spravna, chybné jsou pak modely do
kterych se dosazuji Jednoduse feceno, néco, co neni s¢itat. Vyzkumnici nejsou si jisti, jak
vysvétlit tento rozpor, ktery oni volaji napéti Hubble. Muze to byt jen chyba vyplyvajici z
raznych zptsobu, jak Hubble konstanta se méfi. V opacném piipadé se napéti by mohla
znamenat problémy pro nase soucasné chapani fyziky, - vesmir se nerozpina hubbleovsky —
axialné dle v=H.d ...respektive rovnice je linearni aZ do urcité vzdalenosti ( do urcité
minulosti ) a pak se linearita méni (!)http://www.hypothesis-of-
universe.com/docs/c/c_239.jpg , nuti teoretiky, aby prehodnotil (a mozna i odkladaci)
nekteré z jejich nejvice cenénych modelt. ,,Snaha méftit expanzivni rychlost saha asi 100 let,*
fikd Adam Riess, astrofyzik na Johns Hopkins University. VVédci, ktefi se Ucastni v tomto usili
se déli do dvou hlavnich tabori. Prvni tibor shromazd’uje data z raného vesmiru. Tito
vyzkumnici spoléhaji na vesmirného mikrovinného pozadi, zbytkovy zaie zareni ze zhruba
400.000 let po velkém ttesku. Tim, ze méteni od vesmirného mikrovinného pozadi a
extrapolace je do sou¢asnosti pomoci nasich nejlepsich fyzickych modeld, mohou
astronomové v tomto taboie dosahnout odhad rychlosti rozpinani vesmiru dnes. Jejich
vypoéty ukazuji, ze Hubble konstanta se pohybuje kolem [67. Ale Riess dodava, e JWST se
nezlepsi méteni tohoto druhu. Mikroviny z poc¢atku vesmiru mé vinové délky, které jsou ptilis
dlouhé JWST, ktery se zam¢tuje na infracervene svétlo-k detekci. Namisto JWST ma
potencial ke zlepseni vysledkt z druhého tabora (z toho Riess je prominentni ¢len): mistni
méteni. ,,Mistni je relativni pojem. Pfitom se odkazuje na méteni konstanty Hubbleova Ze
zavés na vypocet vzdalenosti hvézd a galaxii, které mohou byt ,,pouze miliony svételnych let
daleko. ,,M¢teni vzdalenosti je to, co je potieba zmétit konstantu HST, protoze Hubble
konstanta jak vzdalenosti v prabéhu ¢asu méni,“ fika Treu. Astronomové nasli nékolik
zpasobd, jak odhadnout takové nebeské vzdalenosti. VVétsina z nich se spoléhaji na
,.standardni sviéky* astronomické objekty znamého jasu. Porovnanim takoveé skute¢né,
skute¢nou jasnost objektu se svou zdanlivou jasnost dalekohledem, mohou pozorovatelé
spolehliveé urcit jeji vzdalenost od Zemé. Wendy Freedman, astronom na univerzité v
Chicagu, pouziva uréitou tridu ¢ervenych obrich hveézd jako jeji piednostni standardni svic¢ku.
,Fyzika [téchto hvézd] vede k této standardni svételnosti®, coz z nich dél4 ideélni ukazatele
vzdalenosti, Freedman vysvétluje. Pouziti Hubbletv teleskop pozorovat tyto ¢ervené obry,
Freedman(v tym dorazil na zaklade odhadu na konstantu Hubble v roce 2019: asi 70/

(02)- That is on the low end of local estimates. (In fact, it is vexingly midway between the
standard values embraced by each camp.) According to Riess, whose standard-candle work
uses supernovae and Cepheid variable stars instead of red giants, most local studies have
produced somewhat higher values for the Hubble constant—some as high as 75, with an
average around 73.
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This is a much bigger range than the measurements out of the early-universe camp. Likewise,
local studies tend to have greater “error bars” (or uncertainties) than studies that use early-
universe data.

That is where JWST can help. By observing in the infrared spectrum, it will be able to look
straight through pesky clouds of space dust that all too often interfere with local astronomers’
measurements. The Hubble Space Telescope—the previous tool of choice for local
astronomers—has far more modest infrared capabilities; its infrared measurements come at
the expense of lower image quality. As Riess explains, JWST can do both: observe in infrared
and maintain high-resolution imaging.

Crisper, dust-free images: that’s the JWST promise.

JWST is such a technological improvement that, rather than altering their methods, many
astronomers are planning to carefully replicate their prior research in order to see if the results
change. Both Riess and Freedman have been granted research time on JWST to do just that.
Whether or not their results will change is uncertain. It is possible that data from JWST could
lead local studies to cluster around an estimate for the Hubble constant as low as the one from
the early-universe camp. But that seems very unlikely: Riess points out that virtually no local
study has produced a result so low, just as no early-universe study has produced a result as
high as 73.

So what would it mean if local studies again cluster around 73 but this time with even greater
precision? According to Treu, that would imply the Hubble tension is a real discrepancy and
not just the result of study error.

If so, Treu adds, that would probably point to something fundamentally absent in our
understanding of physics. Because early universe studies rely on physical models to
extrapolate their primordial data into the present, missing physics could be the reason those
studies are producing a figure as low as 67.

What sort of missing physics? “It could be another neutrino,” Riess says. “It could be an early
episode of dark energy. It could be decaying dark matter. It could be primordial magnetic
fields. All of these have been suggested as things that would help mitigate or explain this.”
But Riess points out that none of these have “a strong second line of evidence” besides the
fact that they could help explain the Hubble tension.

Likewise, Freedman notes that most of these ideas wind up “wrecking” other, agreed on parts
of physics somewhere along the line. “This turns out to be really difficult to solve—which is
not to say somebody’s not going to come up with a brilliant idea at some point,” Freedman
says.

There may be a hole in physics. There is no guarantee that JWST will help us figure out how
to fill it. But by giving greater insight into the Hubble tension, JWST can at least help confirm
that the hole is really there.
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(01)- To je na nizkém konci mistnich odhadu. (Ve skutecnosti je to nepiimo uprostied mezi
standardnimi hodnotami ptijatymi kazdym taborem.) Podle vyuky, jejichz standardni svicka
vyuziva supernov a cepheid proménné hvézdy misto cervenych obri, vétsina mistnich studii
vyrébélo ponékud vyssi hodnoty pro konstantu HUBBLE -Some tak vysoky jako 75, s
pramérem kolem To je mnohem Vétsi rozsah nez méfeni z tabora v ranem vesmiru. Stejné

tak mistni studie maji tendenci mit vétsi "chybové pruhy" (nebo nejistoty) nez studie, které
pouzivaji data véasného vesmiru. To je misto, kde mize JWST pomoci. Pozorovanim v
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infracerveném spektru se bude moci podivat piimo pies otravné mraky vesmirného prachu,
ktery piilis casto zasahuje do méteni mistnich astronomu. Hubble Space Telescope-ptedchozi
nastroj volby pro mistni astronomy-méa mnohem podstatné;si infratervené moznosti; Jeho
infracervend méteni prichazeji na tkor niz$i kvality obrazu. Jako Riess vysvétluje, IWST
muze délat oba: pozorovat v infracerveném a udrZeni zobrazovani s vysokym rozliSenim.
CRISTROVER, bezprasny obraz: To je slib Jwst. JWST je takové technologické zlepseni,
které spiSe nez méni jejich metody, mnoho astronomu planuje peclivé replikovat svuj
piedchozi vyzkum, aby zjistil, zda se vysledky zméni. Oba Tress a Freedman byl udélen
vyzkumny ¢as na JWST, aby to udélal pravé to. Zda se jejich vysledky zméni, je nejiste. Je
mozné, ze data z JWST by mohla vést lokdlni studie na klastr kolem odhadu pro konstantu
HUBBLE tak nizke jako jeden z tabora v ¢asném vesmiru. Ale to se zda byt velmi
nepravdépodobné: Zasoby poukazuje na to, ze prakticky Zadna mistni studie nevytvari
vysledek tak nizka, stejné jako studie brzy-vesmiru produkovala vysledek jako 73. Co by tedy
znamenalo, zda se mistni studium opét klastru kolem 73, ale tentokrat s jesté vétsi presnosti?
Podle Treu, to by znamenalo napéti HST je skute¢ny rozpor a ne jen vysledek chybové chyby.
Pokud ano, Treu pridava, to by pravdépodobné poukazoval na néco zasadné nepiitomného v
nasem chapani fyziky. Coz je onen muj postieh, ZeiVesmirserozbalue(nikoliv rozpina) od
sveho zacatku silné kiivého 3+3D ¢p k méné kiivému 343D ¢p dnes...Vzhledem k tomu, Ze
¢asna vesmirni studie se spoléhaji na fyzikalni modely pro extrapolaci jejich prvotni Gdaje do
soucasnosti, chybéjici fyzika by mohla byt davodem, pro¢ tyto studie produkuji na 67 ° C.
Jaky druh chybgjici fyziky? "Muze to byt dalsi neutrino,"” fika Riess. "Mize to byt ¢asna
epizoda temné energie. Mohlo by to rozpadat temna hmota. Mohlo by to byt prvotni
magneticka pole. Pane profesore Riessi, stile vam chybi ,,posledni stafetovy kolik* do modelu
Vesmiru : Kazdé kiiveni dimenzi prostoro¢asovych ( 3+3D ) vede k realizaci hmoty (energie)
a poli . VSechny ,kiivi stavy* dimenzi ¢asoprostorovych ,,plavou* v zakladni miizce-piedivu
euklidovsky plochého nekoneéného Casoprostoru, ktery se uz nerozpina, tedy nerozbaluje.
Vsechny tyto byly navrzeny jako véci, které by to pomohly zmirnit nebo vysvétlit. Jak muze
JWST vysvétlit rozpinani a dokonce zrychlené kdyz jeho vysledky se budou dosazovat do
chybného modelu ???! " Ale Trese poukazuje na to, ze zadny z nich nema "silnou druhou linii
dukazu" kromé skute¢nosti, Ze by mohly pomoci vysvétlit napéti HST. Stejné tak Freedman
konstatuje, ze vétSina téchto myslenek navijeji "znic¢eni" jind, dohodnuta na castech fyziky
nékde podél linie. "To se ukaze, Ze je opravdu obtizné vyiesit - coz nefika, ze nékdo nechodi s
prilantnim napadem v urcitém okamziku, HDV - rozbalovavani casoprostoru " fika
Freedman. Muze byt dira ve fyzice. Neexistuje zadna zaruka, Ze jwst nam pomuze zjistit, jak
ji vyplnit. Ale tim, Ze dava vétsi vhled do napéti HST, JWST muze alespon pomoci potvrdit,
ze dira-chyba modelu je opravdu tam.
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