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Stars Made of Antimatter Might Be
Lurking in the Universe

Ve vesmiru by mohly éihat hvézdy z antihmoty

01) Circumstantial evidence could point to a mind-blowing solution to an antimatter
mystery—or to the need for better space-based particle physics experiments

o By Leto Sapunar on June 7, 2021

Antimatter may seem like the stuff of science fiction—especially because scarcely
any of it can be seen in our universe, despite physicists’ best theories suggesting
antimatter should have arisen in equal proportion to normal matter during the big
bang. But researchers do regularly produce particles of antimatter in their
experiments, and they have the inklings of an explanation for its cosmic absence:
Whenever antimatter and normal matter meet, they mutually annihilate in a burst of
energy. The slimmest overabundance of normal matter at the beginning of time
would have therefore effectively wiped antimatter off the celestial map, save for its
occasional production in cosmic-ray strikes, human-made particle accelerators and
perhaps certain theorized interactions between particles of dark matter.

That is why physicists were so greatly puzzled back in 2018, when the head of the
Alpha Magnetic Spectrometer (AMS) experiment mounted on the exterior of the
International Space Station announced that the instrument might have detected two
antihelium nuclei—in addition to six that were possibly detected earlier. Any way you
slice it, known natural processes would struggle to produce enough antihelium for
any of it to end up in our space-based detectors. But the easiest of all those hard
methods would be to cook up the antihelium inside antistars—which, of course, do
not seem to exist. Despite the fact that the entirely unexpected AMS results have yet
to be confirmed, let alone formally published, scientists have taken them seriously,
and some have scrambled to find explanations.

Inspired by the tentative AMS findings, a group of researchers recently published a
study calculating the maximum number of antimatter stars that could be lurking in our
universe, based on a count of currently unexplained gamma-ray sources found by the
Fermi Large Area Telescope (LAT). Simon Dupourqué, the study’s lead author and
an astrophysics graduate student at the Research Institute in Astrophysics and
Planetology at the University of Toulouse IlI-Paul Sabatier in France and the French
National Center for Scientific Research (CNRS), made the estimate after looking for
antistar candidates in a decade’s worth of the LAT’s data.
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Antistars would shine much as normal ones do—producing light of the same
wavelengths. But they would exist in a matter-dominated universe. As particles and
gases made of regular matter fell into such a star’s gravitational pull and made
contact with its antimatter, the resulting annihilation would produce a flash of high-
energy light. We can see this light as a specific color of gamma rays. The team took
10 years of data, which amounted to roughly 6,000 light-emitting objects. They pared
the list down to sources that shone with the right gamma frequency and that were not
ascribed to previously cataloged astronomical objects. “So this left us with 14
candidates, which, in my opinion and my co-authors’ opinion, too, are not antistars,”
Dupourqué says. If all of those sources were such stars, however, the group
estimated that about one antistar would exist for every 400,000 ordinary ones in our
stellar neck of the woods.

01) Nepfimé dukazy by mohly poukazovat na ohromujici feSeni antihmotové zahady
- nebo na potfebu lepSich vesmirnych experimentu s fyzikou ¢astic - Letos Sapunar
7. Cervna 2021 Antihmota se mize zdat jako véc sci-fi - zejména proto, Zze v nasem
vesmiru sotva néco z toho mizeme vidét, navzdory nejlepSim teoriim fyzikd, které
naznacuji, ze antihmota meéla béhem velkého tfesku vzniknout ve stejném poméru k
normalni hmoté.

Asi nemuzeme délit Jsoucno=Vesmir na ,svét a antisvét, je to jeden a tentyz
Casoprostor, v némz se ,rodi“ i Castice i antiCastice, Sipka €asu je v rozbalujicim se
Vesmiru stejna pro Castice i anticastice, ale ty anti€astice z pficiny ,sméru zabaleni®
Casoveé dimenze do geonu http://www.hypothesis-of-universe.com/docs/c/c_404.jpg
se rozbali obrovsky rychle, Castice naopak ne. Chaoticka péna dimenzi po Tfesku se
rozbaluje do globél-stavu ¢asoprostoru, ale také soubézné s timto se i ,sbaluji®
lokality = geony-bali¢ky, ovSem dvojim zpusobem, do ¢astic a antiastic. To
sbalovani dimenzi ,do elementarnich ¢astic* = pro elementarni ¢astice, muze byt
dvoji : ,pravotocivé a levotocCivé®, Cili ,po sméru“ rozbalovavani globalu ¢p, nebo
opacné. Mizeme to oznacit jako ze ty elem. Castice, které sbaluji Casovou dimenzi
,PO smeéru“ rozpinani €p jsou Castice a ty které sbaluji ,proti stéru, jsou anti¢astice.

AntiCastice ne-Ziji ,za zdi“ za ,branou”, protoZe maji opacné zabaleni Casové
dimenze do geonu-balic¢ku. Pfi vSech interakcich kdy se rodi ( z divodl symetrii i
asymetrii ) i Castice i antiCastice (s opacnym zabalenim ¢asové dimenze ) pak ani
jedna anti¢astice neZije dlouho v ,nasem kvadrantu“ ( pfed zdi ). A vlivem
prubézného rozpinani ¢p se anti¢astice vzdy posune ,za sténu, za zed” do druhého
kvadrantu. Doba zZivota kazdé rizné antic¢astice v prvnim kvadrantu je rizna, ale
velmi kratka. . .jeji baliéek je okamzité rozbalen, zanika. Cili : anti¢astice tu jsou dnes,
vCera pied rokem i pred 13 ti miliardami let a to kdekoliv kolem nas...jen jsou ,za
branou®. http://www.hypothesis-of-universe.com/docs/c/c_406.jpg ;
http://www.hypothesis-of-universe.com/docs/c/c_405.jpg Na obou obrazcich je jedna
stejna Sipka Casu, ale dva protismérné zpUsoby zabaleni klubicka.

Strunovi teoretici také mluvi o ,branovych svétech (?!) V mé uvaze totiz nemusi ,de
facto” existovat antisvét s ,nastfadanymi anti¢asticemi...stacila by uvaha, ze
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v naSem kvadrantu = pfed branou vyskoc€i z ,pozabrany“ balicek s opacné zabalenou
Casovou dimenzi ( oproti ,domaci Castici“ ktera ma zabaleno ,po sméru“) a tyto dvé
Castice tu ,na chvili“ spolu ziji v interakci nez se anti¢astice ,rozpusti-rozbali si sama
svou opacné sbalenou dimenzi®. A jesté Iépe feCeno : v NaSem svété, v nasi verzi
rozbalujiciho se Casoprostoru, se sbaluji geony ,po sméru Sipky i proti Sipce®
rozbalovavani globalu, ale tyto geony-bali¢ky co se sbalily ,po sméru“ zistanou
vécné, jsou to klony, lokality které se uz nerozbaluji, ale samoziejmé muze se realné
stat, a taky stava, ze v 3+3D ¢€p s jednou Sipkou se sbali pfi interakci ( nikdy ne bez
interakce ! ! 1) lokalita ¢p = baliCek ,do protisméru® a tim vznikne anti¢astice...zZije jen
velmi kratce nez ji ,rozbali“ vyvojové rozbalovani ¢p.

Védci vSak ve svych experimentech pravidelné produkuji ¢astice antihmoty jisté, ale
ona Zije jen velmi kratce oproti Casticim ( které maji své ,pfedepsané” €asy zivotnosti
dost dlouhé..a maji ndznaky vysvétleni jeji kosmické nepfitomnosti : Kdykoli se
antihmota a normalni hmota setkaji, navzajem se v navalu energie vyhladi. ,naval
energie“ ? co to je ? Castice sama o sob& nema potfebu budit vznik anti¢astice, ale
interakce anebo srazka vzdy ,vybudi“ nové dva vinobalicky s opacnym zabalenim
dimenzi http://www.hypothesis-of-universe.com/docs/c/c_405.jpg Nejtenci nadbytek
normalni hmoty na poc€atku ¢asu by tedy uc¢inné vymazal antihmotu z nebeské mapy,
kromé jeji pfilezitostné produkce v uderech kosmického zafeni, urychlovadich ¢astic
vyrobenych ¢lovékem a mozna v urcitych teoretickych interakcich mezi ¢asticemi
temné hmoty. Proto byli fyzici tak zmateni jiZz v roce 2018, kdy vedouci experimentu
Alpha Magnetic Spectrometer (AMS) namontovaného na vnéjsku Mezinarodni
vesmirné stanice oznamil, Ze pfistroj mohl detekovat dvé antihelium jadra - kromé
Sesti, ktera byla pravdépodobné zjisténo dfive. Jakymkoli zpusobem jej (antihelium
??) rozkrojite, zndmé pfirodni procesy by se tézko snazily vyrobit dostatek antihelia
pro to, aby kterykoli z nich skongil v nasich vesmirnych detektorech. Znova vysvétlit.
Ale nejjednodussi ze vSech téchto tvrdych metod by bylo uvafit antihelium uvnitf
antistarQ - které, jak se zda, samoziejmé neexistuji. Navzdory skute€nosti, ze zcela
neocekavané vysledky AMS jesté musi byt potvrzeny, natoz formalné zvefejnény,
védci je vzali vazné a néktefi se snazili najit vysvétleni. Tusim, Ze ono vysvétleni
rozdilu Castice a anti€astice bude v tom sméru ,zabaleni“ dimenzi do bali¢ku =
Castice. Skupina védcu, inspirovana predbéznymi nalezy AMS, nedavno zverejnila
studii, ktera vypocitava maximalni pocet hvézd antihmoty, které by mohly &ihat v
nasem vesmiru, na zakladé poctu aktualné nevysvétlenych zdroju gama zéareni, které
nasel dalekohled Fermi Large Area Telescope (LAT ). Simon Dupourqué, hlavni
autor studie a postgradualni student astrofyziky na Vyzkumném astavu astrofyziky a
planetologie na univerzité v Toulouse Il — Paul Sabatier ve Francii a Francouzském
narodnim stfedisku pro védecky vyzkum (CNRS), provedli odhad poté, co hledali
antistar uchazeci za desetileti idaji LAT. reklama Antistary by zafily stejné jako
normalni - produkovaly svétlo stejnych vinovych délek. Ale existovaly by ve vesmiru
ovladaném hmotou. Kdyz Castice a plyny vyrobené z bézné hmoty spadly do
gravitaCniho tahu takové hvézdy a dostaly se do kontaktu s antihmotou, vysledné
zni€eni by vyprodukovalo zablesk vysokoenergetického svétla. Toto svétlo mizeme
vidét jako specifickou barvu gama paprsku. Tym vzal 10 let dat, coz pfedstavovalo
zhruba 6000 objektl vyzarujicich svétlo. Seznam rozdélili na zdroje, které zafily
spravnou gama frekvenci a které nebyly pfipsany dfive katalogizovanym
astronomickym objektim. "Takze nam zbyvalo 14 kandidat(, coz podle mého nazoru
a nazoru mych spoluautort také neni antistars," fika Dupourqué. Pokud by vSak
vSechny tyto zdroje byly takovymi hvézdami, skupina odhadovala, Ze v naSem
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hvézdném hrdle lesa bude na kazdych 400 000 obycejnych existovat pfiblizné jedna
antistar.

02) In place of any putative antistars, Dupourqué says, these gamma flashes could
instead be coming from pulsars or the supermassive black holes at the centers of
galaxies. Or they might simply be some kind of detector noise. The next step would
be to point telescopes at the locations of the 14 candidate sources to find out if they
resemble a star or a prosaic gamma-emitting object.

Given some interesting but questionable gamma sources, calculating the conceivable
“‘upper limit” to the number of antistars is a long shot from actually discovering such
astrophysical objects, So most researchers are not leaning toward that conclusion.
“According to both theory and observations of extragalactic gamma rays, there
should be no antistars in our galaxy.... One would only expect upper limits consistent
with zero,” says Floyd Stecker, an astrophysicist at NASA’s Goddard Space Flight
Center, who was not involved in the research. “However, it is always good to have
further observational data confirming this.”

If scientists, including the authors, are skeptical of antistars’ very existence, why are
they worth discussing? The mystery lies in those pesky possible detections of
antihelium made by the AMS, which remain unexplained. Antiparticles can be created
from two known natural sources—cosmic rays and dark matter—but the odds that
either of them are responsible appear to be vanishingly slim.

As we increase the size of an atom, it becomes harder and harder to produce as an
antiparticle, says Vivian Poulin, a CNRS cosmologist based in Montpelier, France.
This “means that it's rarer and rarer that it occurs, but it’s allowed by physics.” An
antiproton is relatively easy to form, yet anything heavier, such as antideuterium—an
antiproton plus an antineutron—or antihelium—two antiprotons plus typically one or
two antineutrons—gets progressively harder to make as it gets more massive. In a
paper published in 2019, Poulin used the AMS’s potential antihelium detections to
calculate a rough estimate of the prevalence of antistars, which inspired Dupourqué’s
new study.

Advertisement

In a process called spallation, high-energy cosmic rays from exploding stars can ram
into interstellar gas particles, says Pierre Salati, a particle astrophysicist at the
Annecy-le-Vieux Particle Physics Laboratory, who worked on Poulin’s 2019 study.
The team responsible for the AMS’s antiparticle detections claim it may have
detected six antihelium-3 nuclei, which would be incredibly rare products of
spallation, and two antihelium-4 nuclei, which would be almost statistically impossible
to form from cosmic rays, Salati says. (The difference between the two isotopes is
the addition of one antineutron.)

As for dark matter, certain models predict that dark matter particles can annihilate
one another—a process that could also create antiparticles. But this process still
might not be able to make antihelium-4 in high enough quantities for us to have a
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realistic chance of ever seeing it (if such speculative models reflect reality at all). That
is why the antistar hypothesis is still on the table. Verified antihelium detections would
be a good indicator for the existence of antistars, but so far the AMS is the lone
experiment to offer any such evidence—which has yet to be granted peer-reviewed
publication, Salati notes.

“It's a very challenging analysis because, for every one antihelium event, there are
100 million regular helium events,” says llias Cholis, an astrophysicist at Oakland
University, who also worked on Poulin’s study. It is possible, he and others say, that
the detections turn out to be a fluke of a very complicated analysis.

Sign up for Scientific American’s free newsletters.

Samuel Ting, a Nobel laureate physicist at the Massachusetts Institute of
Technology, heads the AMS team and first publicly presented the two latest possible
antihelium detections—the antihelium-4 candidates—in 2018. “We are not yet ready
to publish any heavy antimatter results,” he says. “We are collecting more data
before any [further] announcement is made.”

02) Misto jakychkoli domnélych antistar(, fika Dupourqué, by tyto zablesky gama
mohly misto toho pochézet z pulzari nebo supermasivnich ¢ernych dér ve stfedech
galaxii. Nebo to muze byt prosté néjaky druh Sumu detektoru. DalSim krokem by bylo
namifit dalekohledy na mista 14 kandidatskych zdroju a zjistit, zda se podobaji
hvézdé nebo prozaickému objektu emitujicimu gama. Vzhledem k nékterym
zajimavym, ale diskutabilnim zdrojim gama je vypocet myslitelné ,horni hranice®
poctu antistart dlouhy pokus od skute€ného objeveni takovych astrofyzikalnich
objektl, takze vétSina védcl se k tomuto zavéru nepriklani. "Podle teorie i
pozorovani extragalaktickych paprski gama by v nasi galaxii nemély byt zadné
antistary ... Dalo by se oCekavat pouze horni limity odpovidajici nule," fika Floyd
Stecker, astrofyzik z Goddard Space Flight Center NASA, ktery neni zapojen do
vyzkumu. "Je vSak vzdy dobré mit k dispozici dalSi pozorovaci udaje, které to
potvrzuji." Pokud jsou védci, v€etné autorl, skepticti k samotné existenci antistarq,
pro€ stoji za to o nich diskutovat? Zahada spociva v téch otravnych moznych
detekcich antihelia provedenych AMS, které zUstavaji nevysvétlené. Anti¢astice
mohou byt vytvofeny ze dvou zndmych pfirodnich zdroju - kosmickych paprska a
temné hmoty -, ale Sance, Ze jsou oba zodpovédni, se jevi jako mizivé nizka. Jak
tézké je vyrobit jako je udrzet ,Zit* a to ,proti Sipce ¢asu” fika Vivian Poulin,
kosmolog CNRS se sidlem ve francouzském Montpelieru. To ,znamena, Ze se
vyskytuje vzacnéji a vzacnéji, ale fyzika to umoznuje.“ Antiproton je relativné snadno
formovatelny, ovéem opét Zije jen velmi kratkou dobu nez ,globalni rozbalovavani ¢p*
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antineutron - nebo antihelium - dva antiprotony plus obvykle jeden nebo dva
publikovaném v roce 2019 Poulin pouzil potencialni antihelialni detekce AMS k
vypoctu hrubého odhadu prevalence antistard, ktery inspiroval novou studii
Dupourqué. V procesu zvaném spalace mohou vysokoenergetické kosmické paprsky
z explodujicich hvézd narazit na mezihvézdné plynné astice, fika Pierre Salati,
astrofyzik ¢astic v Laboratofi ¢asticove fyziky v Annecy-le-Vieux, ktery pracoval na
Poulinové studii z roku 2019. Tym odpovédny za detekci antiCastic AMS tvrdi, ze
mohl detekovat Sest jader antihelium-3, coz by byly neuvéfitelné vzacné produkty
spalace, a dvé jadra antihelium-4, ktera by byla z hlediska kosmického zareni témér
statisticky nemozné vytvofit, fika Salati. Vyrobit ano, ale detekovat velmi tézko kvali
straSné malé dobé Zivotnosti anti-atomu. Detekoval Ize jen,vystup fotonu

z antiCastice” z toho nesmirné malém Casoveého intervalu ; pak ten foton leti a Zije
nekonecné dlouho nez narazi.. (Rozdil mezi témito dvéma izotopy spociva v pfidani
jednoho antineutronu.) Pokud jde o temnou hmotu, urcité modely pfedpovidaji, ze
¢astice temné hmoty se mohou navzéjem znicit - proces, ktery by také mohl vytvofit
anti¢astice. Ale tento proces stale nemusi byt schopen vyrobit antihelium-4 v
dostatecné velkém mnozstvi, abychom méli realnou Sanci ho nékdy vidét ,proces” by
lyl co ? co by to bylo aby to byl ,proces* ? Zze by posloupnost velkého mnozstvi
vznikdad antihmoty za sebou ??7? aby interval vypusténych fotonu z emitenta se
zmnohanasobil ? (pokud takové spekulativni modely vibec odrazeji realitu). Takze
onen védec nepozoroval experimentalné ale jen ,abstraktné” matematicky
spekuloval ??? Proto je antistarova hypotéza| stale na stole. A neni

v experimentalnim pozorovacim zarizeni-detektorech. Ovéfené detekce antihelium
by byly dobrym indikatorem existence antistaru, ale AMS je zatim osamélym
experimentem, ktery nabizi abstrakci a vize jakykoli takovy dikaz - kterému dosud
nebyla udélena recenzovana publikace, poznamenava Salati. "Je to velmi naro¢na
analyza, protoZe na kazdou udalost antihelium pfipada 100 miliona pravidelnych akci
s heliem," Fik& llias Cholis, astrofyzik z Oakland University, ktery také pracoval na
Poulinové studii. Tolik prace, tolik namahy, tolik spekulaci, tolik stovek védcu, tolik
penéz tolik Casu a...a pokrok nikde. Pokrok nastane az si fyzici pfe¢tou HDV. Je
mozné, jak on i dalsi Fikaji, Ze detekce se ukazaly jako nahoda velmi komplikované
analyzy. Jedna pani povidala...a ka Komorni Hlrce v noci z diry lezou ven
Certi...protoze se tam koufi Zaregistrujte se k odbéru bezplatnych zpravodajl
Scientific American. Kdyby nékdo prelozil HDV ¢i néjaké pasaze z ni, mohl by si sam
pozadat o ,bezplatné zverejnéni“. Samuel Ting, laureat Nobelovy ceny na
Massachusettském technologickém institutu, vede tym AMS a poprvé vefejné
predstavil dvé nejnoveéjsi mozné detekce antihelium - kandidaty antihelium-4 - v roce
2018. ,Jesté nejsme pfipraveni zverejnit Zadné tézké vysledky antihmoty ," on Fika.
"Shromazdujeme vice dat, nez bude ucinéno jakékoli [dal$i] oznameni." Jo, o...jo

03) It is possible that a different experiment may give answers sooner. The General
AntiParticle Spectrometer (GAPS) experiment is a balloon-borne detector that will
hunt for antiparticles above Antarctica this year. Finding more antiparticles—
antideuterons or even antihelium, in particular, according to Cholis—with the GAPS
detector would make the AMS results far more convincing.
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If antistars were found to be the culprit, that discovery would require a major
reenvisioning of the universe’s evolution: no longer could we relegate antistars and
other hypothetical astrophysical objects composed of antimatter to the fringes of
reasonable speculation. Even if they do exist, however, antistars probably are not
forming now, Salati says, because their presumptive natal clouds of antihydrogen
would face steep odds of avoiding annihilation for the past 13 billion years or so.
Thus, any antistars that might be found likely would be exceedingly old remnants of
the early universe. If so, one deep mystery would be replaced with another: How,
exactly, did such ancient relics manage to survive to today? As is often the case, a
new discovery raises far more questions than it answers.

08.06.2021

03) Je mozné, Ze jiny experiment muze dat odpovedi diive. Experiment General AntiParticle
Spectrometer (GAPS) je baldnovy detektor, ktery bude letos lovit anti¢astice nad Antarktidou.
Nalezeni vice anti¢astic - zejména antideuteront nebo dokonce antihelium, podle Cholise -
pomoci detektoru GAPS, by vysledky AMS u¢inilo mnohem presveédcivejsim.

Pokud by se zjistilo, ze vinikem jsou antistary, tento objev by vyzadoval zasadni nové
piedstaveni si vyvoje vesmiru : uz bychom nemohli antistary a dal$i hypotetické
astrofyzikalni objekty sloZené z antihmoty odsouvat na okraj rozumnych spekulaci. I kdyz
existuji, antistary se pravdépodobné nyni netvori, fika Salati, protoze jejich pfedpokladané
porodni mraky antihydrogenu by za poslednich 13 miliard let ¢elily prudké $anci vyhnout se
vyhlazeni. Jakékoli antistary, které by mohly byt nalezeny, by tedy byly nesmirné staré
zbytky raného vesmiru. Pokud ano, jedna hluboka zéhada by byla nahrazena druhou: Jak
piesné se témto staroddvnym paméatkam podafilo piezit az dodnes? Jak se ¢asto stava, novy
objev pfinasi mnohem vice otazek, nez odpovida.

08.06.2021 Frekvence slovicek ,, by a ,,pokud® je 100x vyssi tu nez v mé HDV. Proto se
tomu fika véda a né pavéda.
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