CESKA VERZE

Poskytavani ve vzdalené galaxii upozoriuje astronomy na nové chovani
¢ernych dér

Nova analyza odhaluje mensSi ¢ernou diru, ktera opakované prorazi plynny
disk vétsi ¢erné diry v centru vzdalené galaxie.

Original: Jennifer Chu (MIT News)

Upravy: Pavel Suchan (ASU AV CR News), Leo§ Verner (SCI MUNI News),
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Zda se, ze v srdci vzdalené galaxie dostala supermasivni cerna dira skytavku.

Astronomové z Massachusettského technologického institutu v USA
(Massachusetts Institute of Technology, MIT), Itdlie, Ceské republiky a dalsich
zemi zjistili, Ze drive klidna cerna dira, ktera se nachazi ve stredu galaxie
vzdalené asi 800 milionit svételnych let, nahle vzplanula a po dobu priblizne 4
meésicti kazdych 8,5 dne vypoustéla chuchvalce plynu, nez se opét ustalila do
normdlniho, klidného stavu.

Opakujici se “Skytani” je nové chovani, které dosud nebylo u superhmotnych
cernych deér pozorovano. Védci se domnmivaji, Ze nejpravdepodobnéjsim
vysvetlenim téchto vyronii je pusobeni druhé, mensi cerné diry, ktera obihd kolem
centralni supermasivni cerné diry a kazdych 8,5 dne vyvrhuje material z plynného
disku rotujictho kolem vétsi cerné diry (viz obrazek). Dosud jen hypoteticka idea

o existenci nove tridy stredné hmotnych cernych dér ve vesmiru tim ziskava dalsi

podporu.
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Vysledky tymu, které byly dnes zverejnény v prestiznim casopise Science
Advances, obohacuji tradicni predstavu o akrecnich discich cernych der, o nichz
dosud vedci predpokladali, Ze se jedna o relativné uhlazené plynné utvary, které
rotuji kolem centralni superhmotné cerné diry. Nové vysledky naznacuji, Ze
akrecni disky mohou mit mnohem rozmanitéjsi strukturu a mohou se vzdjemné
ovliviiovat s hvézdami a dokonce i dalsimi cernymi dirami, které se s akrecnim

diskem srazeji.

"Domnivali jsme se, Ze toho o cernych dirach vime hodné, ale tento novy jev nam
ukazuje, zZe toho dokazi mnohem vic," Fika autor studie Dheeraj "DJ" Pasham,
vedecky pracovnik z Kavliho institutu pro astrofyziku a vesmirny vyzkum na MIT.
"Myslime si, Ze takovych systémii bude ve vesmiru pomérné hodné, jen musime
provést dalsi mereni, abychom je objevili."

Mezi spoluautory studie patri spolupracovnici z riznych instituci, véetné Petry
Sukové a Viadimira Karase z Astronomického ustavu Akademie véd, Michala
Zajacka z Masarykovy univerzity a Vojtécha Witzanyho z Univerzity Karlovy.

“Ted’ nebo nikdy!”

Zjisténi tymu vyplynula z automatické detekce provedené systémem ASAS-SN
(All Sky Automated Survey for SuperNovae), coz je sit’ 20 robotickych
dalekohledii umisténych na riznych mistech severni a jizni polokoule. Tyto
teleskopy jednou denné automaticky prohledéavaji celou oblohu a zaméfuji se na
hledani supernov a dalSich ¢asove proménlivych jevi.

V prosinci 2020 byl v rdmci prizkumu zaznamendn svételny zablesk v galaxii
vzdalené asi 800 milionl svételnych let. Tato konkrétni ¢ast oblohy byla relativné
klidna a tmava. V okamziku, kdy se galaxie nahle zjasnila ptibliznég tisickrat, byla
systémem zachycena a ozndmena v komunitnim upozornéni, kterého si ndhodou
v§iml Dr. Pasham. Ten se nasledné rozhodl zaméfit na zablesk rentgenovy
teleskop NASA NICER (Neutron Star Interior Composition Explorer), ktery je
umistén na palubé Mezinarodni vesmirné stanice, odkud neptetrzité monitoruje
oblohu a hledd rentgenové zéblesky, které¢ by mohly signalizovat aktivitu
neutronovych hvézd, Cernych dér a dalSich extrémnich gravitaCnich jevi.
Nacasovani bylo piihodné, protoze se blizil konec Pashamova ro¢niho obdobi,
b&hem néhoz mel moznost teleskop nasmerovat neboli "aktivovat".



"Bud’ to vyuziju ted’, nebo nikdy," tekl si pti té ptilezitosti Pasham a ukézalo se,
ze m¢l pi1 vybéru opravdu $t’astnou ruku.

Navedl NICER k pozorovani vzdéalené galaxie, kterd v t€ dob¢ stale jeSté
intenzivné zafila. Vzplanuti trvalo asi ¢tyfi mésice, nez pohaslo. Béhem této doby
NICER denn¢ s vysokou kadenci provadél méteni rentgenového zaieni galaxie.
Kdyz se Pasham podrobné podival na ziskand data, vSiml si v ramci
ctyfmési¢niho vzplanuti zvlastniho vzorce: jemnych poklest ve velmi uzkém
pasmu rentgenového zareni, které se ziejmé opakovaly kazdych 8,5 dne.

Zdalo se, ze vytrysk energie z galaxie se pravidelné zmenSuje kazdych 8,5 dne.
Signal se podobal tomu, co astronomové pozoruji, kdyz obihajici planeta piejde
pied svou hostitelskou hvézdou a na kratkou dobu zablokuje jeji svétlo. Zadna
hvézda by vSak nebyla schopna zastinit tak silnou erupci.

"Skrabal jsem se na hlavé a pfemyslel, co to znamend, protoze takové chovani
neodpovidalo ni¢emu, co jsme o supermasivnich ¢ernych dirach dosud védéli,"
vzpomina Pasham.

Prelet nad akreénim diskem

Kdyz Pasham hledal vysvétleni periodického pohasindni tohoto neobvyklého
zdroje, narazil na nedavnou praci tymu z Ceské republiky pod vedenim Petry
Sukové. Cesti astrofyzici nezavisle na pozorovani pfisli s modelem, ve kterém
centrdlni supermasivni ¢ernou diru galaxie obihd druha, mnohem mensi cerna
dira. "Tato mensSi ¢erné dira se pohybuje na draze sklonéné pod ur¢itym thlem
vuci akreCnimu disku svého vétSiho spole€nika, opakované jim prochéazi a
narusuje ho," dopliuje Petra Sukova.

Podle teoretickych propoctl Vladimira Karase a jeho spolupracovnikii z poloviny
90. let mtze tato sekundarni ¢erna dira na své obézné draze pravidelné prorazet
disk primarni ¢erné diry a tim opakované vyvolavat jeho nestability. Pfitom z
disku vytlac¢i chuchvalce plynu, jako kdyZz vcela proléta oblakem pylu. Silna
magnetickd pole na “sever” a na “jih” od ¢ern¢ diry pak mohou tento chuchvalec
vystrelit nahoru a ven z disku. Pokazdé, kdyZ menSi Cerna dira proleti diskem
nadzvukovou rychlosti, vyvrhne dalsi chuchvalec v pravidelném, periodickém



rytmu. Pokud se tento chuchvalec pohybuje smérem k Zemi, miize jednou za Cas
kratce pohltit ¢ast zateni disku a my ho pak mlizeme zaznamenat jako pokles
celkové energie vyzarené galaxii.

Cesky tym intenzivné spolupracoval s Dheerajem Pashamem z MIT na porovnani
vysledkti numerickych simulaci s pozorovanymi daty. To, co zjistili, teorii
podporuje: pozorované poklesy rentgenové intenzity byly pravdépodobné stopou
druhé, mensi Cerné diry, kterd obiha kolem centralni supermasivni ¢erné diry a
pravidelné prorazi jeji disk. Tym postupné dospé€l k modelu zndzornénému na
obrazku nize. "Prichod mens$i Cerné diry akre¢nim diskem dobie popisuje
pozorované periodické poklesy intenzity rentgenového zareni. Na zakladé
podrobngjSich vypocth jsme zjistili, Ze k tomu, aby vyvrzené shluky plynu byly
dostate¢né velké a zplsobily pozorovanou absorpci, musi mit mensi ¢erna dira
hmotnost alespoit 100 hmotnosti Slunce," tik4 spoluautor Michal Zajacek z
Masarykovy univerzity.

llustrace: Umélecka predstava priichodu mensi cerné diry o hmotnosti sto az

deset tisic hmotnosti Slunce akrecnim diskem rotujicim kolem centrdlni
supermasivni cerné diry. Pri kazdém priichodu je nad disk vyvrzen chuchvalec
plynu, ktery castecné zablokuje zdreni akrecniho disku pod nim a zpuisobi



kratkodoby pokles intenzity rentgenového zareni (Kredit: Jose-Luis Olivares and
Dheeraj Pasham, MIT).

,» Lakto téZke Cerné diry jsou vzadcné a moc o nich nevime. Nemohou totiZ vznikat
kolapsem starych hvézd, z téch vznikaji ¢erné diry asi polovicni hmotnosti. V
kvétnu 2019 ale gravitacné-vlnové detektory LIGO a Virgo namétily vznik
‘druhogeneracni’ ¢erné diry o hmotnosti asi 140 slunci splynutim dvou mensSich.
Mame tedy co do ¢inéni s ¢ernou dirou druhé nebo pozdé;si generace?* dodava
dals$i ze spoluautori Vojtéch Witzany z Univerzity Karlovy.

“Podrobnd méfeni naznacuji, Ze centralni supermasivni Cerna dira této galaxie je
stejné¢ hmotnd jako 50 miliond Slunci. Navic jsme zpétnym porovndnim s
archivnimi daty zjistili, Ze galaxie byla pted detekci v prosinci 2020 relativné
klidna a méla nejspi§ pouze tfidky, difuzni akrecni disk. Proto kolem ni druha,
mensi ¢ernd dira o hmotnosti 100 az 10 000 hmotnosti Slunce obihala dlouho v
relativnim utajeni.” vysvétluje dale Petra Sukova.

Védci predpokladaji, ze v prosinci 2020 se tfeti objekt - pravdépodobné blizka
hvézda - ptili§ piiblizil k centru a byl rozmetan na kusy obrovskou gravitaci
supermasivni ¢erné diry - udalost, kterou astronomové znaji jako slapovy rozpad.
Nahly piisun hvézdného materidlu na par tydnli rozjasnil akre¢ni disk ¢erné diry.
Béhem cCtyt mésicii Cerné dira hodovala na hvézdnych zbytcich, zatimco druha
¢erna dira ji stale obihala a pokazdé, kdyZ proletéla diskem, vyvrhla mnohem
vetsi chuchvalec nez obvykle. Diky vhodné orientaci systému tyto chuchvalce
vylétaly ptimo smérem k dalekohledu NICER .

Tym provedl fadu simulaci, aby otestoval tuto hypotézu. Dosli k zavéru, Ze novy
druh systému typu Davida a Goliase, tedy mensi ¢ernd dira stfedni hmotnosti,
ktera se pohybuje kolem supermasivni cerné diry, je ziejmée
nejpravdépodobnéj$im vysvétlenim téchto pozoruhodnych méteni.

,Souputnici superhmotnych ¢ernych dér také postupné spiraluji do centra galaxie
a vyzafuji pfitom gravitaéni viny. Za zhruba jedenact let pfitom Evropska
kosmicka agentura posSle do vesmiru novy gravitatné-vinovy detektor LISA,
ktery takové viny bude méfit. Podaii se ndm naméfit ‘Skytani’ Cernych dér a
piislusné gravitacni viny zaroven? Udélame vSechno pro to, aby se to povedlo,*
dodava Vojtéch Witzany, ktery zaroven na Univerzit¢ Karlové pracuje na
teoretickych ptedpovédich pro detektor LISA.



K hledani podobnych systémil, v nichz mensi ¢erna dira interaguje s akre¢nim
diskem rotujicim kolem centrdlni supermasivni ¢erné diry, by mél pfispéct 1
planovany prvni Cesky kosmicky UV dalekohled QUVIK. "QUVIK bude
dostatecné citlivy kosmicky dalekohled o priméru zrcadla 30 centimetrt, ktery
lze zamétit na nahla ultrafialova zjasnéni v centrech galaxii. Je pravdépodobng,
ze nekteré z nich budou vykazovat znamky periodického pohybu mensich téles -
hvézd, jako je naSe Slunce, ale i exotictéjSich ¢ernych dér ¢i neutronovych
hvézd," uzavird Michal Zajacek, €len védecké rady QUVIKu, ktery vyviji
Vyzkumny a zkuSebni letecky ustav ve spolupraci s Masarykovou univerzitou a
dalSimi institucemi.

Tento vyzkum podpofila Grantovd Agentura Ceské Republiky, Akademie véd
CR, Univerzita Karlova a americkd NASA.
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Persistent hiccups in a far-off galaxy draw astronomers to new
black hole behavior

New analysis reveals a tiny black hole repeatedly punching through a
larger black hole’s disk of gas.

Written by Jennifer Chu, MIT News

CAMBRIDGE, Mass. -- At the heart of a far-off galaxy, a supermassive black
hole appears to have had a case of the hiccups.

Astronomers from MIT, Italy, the Czech Republic, and elsewhere have found
that a previously quiet black hole, which sits at the center of a galaxy about 800
million light years away, has suddenly erupted, giving off plumes of gas every
8.5 days before settling back to its normal, quiet state.

The periodic hiccups are a new behavior that has not been observed in black
holes until now. The scientists believe the most likely explanation for the
outbursts stems from a second, smaller black hole that is zinging around the
central, supermassive black hole and slinging material out from the larger black
hole’s disk of gas every 8.5 days.

The team’s findings, which are published today in the journal Science
Advances, challenge the conventional picture of black hole accretion disks,
which scientists had assumed are relatively uniform disks of gas that rotate
around a central black hole. The new results suggest that accretion disks may be
more varied in their contents, possibly containing other black holes, and even
entire stars.



“We thought we knew a lot about black holes, but this is telling us there are a
lot more things they can do,” says study author Dheeraj “DJ” Pasham, a
research scientist in MIT’s Kavli Institute for Astrophysics and Space Research.
“We think there will be many more systems like this, and we just need to take
more data to find them.”

The study’s MIT co-authors include postdoc Peter Kosec, graduate student
Megan Masterson, Associate Professor Erin Kara, Principal Research Scientist
Ronald Remillard, and former research scientist Michael Fausnaugh, along with
collaborators from multiple institutions, including University of Rome and
Masaryk University in the Czech Republic.

“Use it or lose it”

The team’s findings grew out of an automated detection by ASAS-SN (the All
Sky Automated Survey for SuperNovae), a network of 20 robotic telescopes
situated in various locations across the northern and southern hemispheres. The
telescopes automatically survey the entire sky once a day for signs of
supernovae and other transient phenomena.

In December of 2020, the survey spotted a burst of light in a galaxy about 8 00
million light years away. That particular part of the sky had been relatively quiet
and dark until the telescopes’ detection, when the galaxy suddenly brightened
by a factor of 1,000. Pasham, who happened to see the detection reported in a
community alert, chose to focus in on the flare with NASA’s NICER (the
Neutron star Interior Composition Explorer), an X-ray telescope aboard the
International Space Station that continuously monitors the sky for X-ray bursts
that could signal activity from neutron stars, black holes, and other extreme
gravitational phenomena. The timing was fortuitous, as it was getting toward the
end of Pasham’s year-long period during which he had permission to point, or
“trigger” the telescope.

“It was either use it or lose it, and it turned out to be my luckiest break,” he
says.

He trained NICER to observe the far-off galaxy as it continued to flare. The
outburst lasted for about four months before petering out. During that time,



NICER took measurements of the galaxy’s X-ray emissions on a daily, high-
cadence basis. When Pasham looked closely at the data, he noticed a curious
pattern within the four-month flare: subtle dips, in a very narrow band of X-

rays, that seemed to reappear every 8.5 days.

It seemed that the galaxy’s burst of energy periodically dipped every 8.5 days.
The signal is similar to what astronomers see when an orbiting planet crosses in
front of its host star, briefly blocking the star’s light. But no star would be able
to block a flare from an entire galaxy.

“I was scratching my head as to what this means because this pattern doesn’t fit
anything that we know about these systems,” Pasham recalls.

Punch it

As he was looking for an explanation to the periodic dips, Pasham came across
a recent paper by theoretical physicists in the Czech Republic. The theorists had
separately worked out that it would be possible, in theory, for a galaxy’s central
supermassive black hole to host a second, much smaller black hole. That

smaller black hole could orbit at an angle from its larger companion’s accretion
disk.

As the theorists proposed, the secondary would periodically punch through the
primary black hole’s disk as it orbits. In the process, it would release a plume of
gas , like a bee flying through a cloud of pollen. Powerful magnetic fields, to
the north and south of the black hole, could then slingshot the plume up and out
of the disk. Each time the smaller black hole punches through the disk, it would
eject another plume, in a regular, periodic pattern. If that plume happened to
point in the direction of an observing telescope, it might observe the plume as a
dip in the galaxy’s overall energy, briefly blocking the disk’s light every so
often.

“I was super excited by this theory, and I immediately emailed them to say, ‘I
think we’re observing exactly what your theory predicted,”” Pasham says.

He and the Czech scientists teamed up to test the idea, with simulations that
incorporated NICER’s observations of the original outburst, and the regular,
8.5-day dips. What they found supports the theory: The observed outburst was



likely a signal of a second, smaller black hole, orbiting a central supermassive
black hole, and periodically puncturing its disk.

Specifically, the team found that the galaxy was relatively quiet prior to the
December 2020 detection. The team estimates the galaxy’s central supermassive
black hole is as massive as 50 million suns. Prior to the outburst, the black hole
may have had a faint, diffuse accretion disk rotating around it, as a second,
smaller black hole, measuring 100 to 10,000 solar masses, was orbiting in
relative obscurity.

The researchers suspect that, in December 2020, a third object — likely a
nearby star — swung too close to the system and was shredded to pieces by the
supermassive black hole’s immense gravity — an event that astronomers know
as a “tidal disruption event.” The sudden influx of stellar material momentarily
brightened the black hole’s accretion disk as the star’s debris swirled into the
black hole. Over four months, the black hole feasted on the stellar debris as the
second black hole continued orbiting. As it punched through the disk, it ejected
a much larger plume than it normally would, which happened to eject straight
out toward NICER’s scope.

The team carried out numerous simulations to test the periodic dips. The most
likely explanation, they conclude, is a new kind of David-and-Goliath system —
a tiny, intermediate-mass black hole, zipping around a supermassive black hole.

“This 1is a different beast,” Pasham says. “It doesn’t fit anything that we know
about these systems. We’re seeing evidence of objects going in and through the
disk, at different angles, which challenges the traditional picture of a simple
gaseous disk around black holes. We think there is a huge population of these
systems out there.”

This research was supported in part NASA.
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