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Black hole is seen feasting on a stellar core

Astronomers have gathered the most direct
evidenceyet of asupermassive black hole
shredding astar that wandered too closetoit.
By following the event over hundreds of days
they could identify for the first time the nature
of thevictim, ahdium-rich stellar core.

Supermassive black holes—weighing a
few to athousand million timesmorethan
the Sun—areknownto exist inthe centre of
most galaxiesand, like volcanoes, they can
beactive or dormant. | n active galactic nuclei
(AGN) they receive acontinuous supply
of gassustaining their activity, whereasin
quiet galaxies—such asthe Milky Way —
they remain dormant because of thelack of
matter to accrete. However, assoon asastar
venturestoo closeto aresting black holeit
can suddenly awake in a flare of radiation.
Becausethishappenson average only
about once every 10,000 years per gal axy,
astronomershave so far detected only afew
such events.

Numerical simulationsof thiskind of
event show how the star getsstretched
and eventually disrupted inthevicinity
of theblack hole by the strong gradient of
the gravitational field, which exerts more
attraction onthe near side of the star than on
itsfar side. The observed emission comes
from heated gasthat isonthevergeof falling
into the back hole, whilethe remaining part
of thestellar material formsalong tail of gas
that isgjected at high speeds.

Thenew tidal disruption event, publishedin
Natureby Suvi Gezari of the JohnsHopkins
University in Baltimore and collaborators, is
the first to be discovered in the visible range:
all previousoneswere detected in X-rays

Thiscomputer-simulated image showsgas
fromatidally disrupted star that passed too
closeto asupermassiveblack hole(inthe
upper-left corner). Whilesome of thegasis
fallingintotheblack hole, someisgectedinto
spaceat high speed. (Imagecredit: NASA,
SGezari/JohnsHopkinsUniversity and
JGuillochon/Univ. of California Santa Cruz)

(CERN Courier April 2004 p12, July/August
2011 p14). ThePan-STARRSL telescope
on the summit of Haleakala in Hawaii first
detected the optical transient PS1-10jh
on 31 May 2010. The Panoramic Survey
Telescope and Rapid Response System
(Pan-STARRS) scanstheentirenight sky for
all kindsof transient phenomena, including
supernovae. Theevent wasdiscovered
independently asanear-ultraviolet
transient by NASA'sGalaxy Evolution
Explorer (GALEX) satelliteon 17 June 2010.
Subsequent observationshby bothinstruments
traceditsriseinintensity until 12 July 2010
anditsslow decay until September 2011. The
flare amplitude in the ultraviolet was found
to bemuch too highfor an AGN outburst and
itsbrightnessrisetoo slow to be consistent
with asupernovaexplosion.

By comparing the observed evolution

of the brightnesswith results of numerical
simulationsof tidal-disruption events,
Gezari and colleagues not only confirmed
thisscenario but could even constrainthe
internal structure of theincoming star. They
find that the star cannot be too centrally
concentrated and hence suggest that the
doomed star was not asolar-type star but
rather afully convective star or adegenerate
stellar core. Thelatter interpretationis
corroborated by aspectral study of the
sourcethat shows broad helium-emission
lines, but no Balmer linesfrom hydrogen.
Thissuggeststhat the outer hydrogen layer
of thestar wasalready lost prior tothe
encounter with the black hole.

A likely scenarioisthat the star wasoncea
red giant that haslost its hydrogen envelope
inoneor several previous, lessdramatic,
fly-bys of the black hole, preserving just
a helium-rich stellar core for the final
encounter. Thisstellar core could beonly
about aquarter of the mass of the Sunand
imply ablack hole of about 3 million solar
masses, whichissimilar totheoneat the
centreof theMilky Way. Thisdramatic
event waswitnessed by watching agalaxy
2.7 thousand million light-years away.
Pan-STARRS i slooking at thousands of
galaxiesfor such eventsand isexpected to
detect oneevery two yearsor so. Thiswill
offer new opportunitiesto probethe effects
of general relativity and may even determine
whether the supermassive black holeis
spinning or not.

o Further reading
S Gezari etal. 2012 Nature 485 217.

Picture of the month

To celebrate its 22nd anniversary, the Hubble Space Telescope offers a new view of
the Tarantula Nebula. This turbulent, star-forming region in the Large Magellanic Cloud
—asmall, nearby galaxy — can be compared with previous views by ESQ’s Very Large
Telescope (CERN Courier June 2006 p14, January/February 2007 p11). Also known

as 30 Doradus — a name referring to a single star, which is as it appears to the unaided
eye —the nebulais the biggest and most active star-forming region in our Local Group
of galaxies, including the Milky Way and the Andromeda Galaxy. The star cluster at

its heart is so massive and dense that it could in the future become a globular cluster
(CERN Courier May 2012 p14). (Image credit: NASA, ESA and ESO; D Lennon and

E Sabbi/ESA/STScl; J Anderson, SE de Mink, R van der Marel, T Sohn, and N Walborn/
STScl; N Bastian/Excellence Cluster Munich; L Bedin/INAF Padua; E Bressert/ESO;

P Crowther/Sheffield; A de Koter/Amsterdam; C Evans/UKATC/STFC Edinburgh;
AHerrero/IAC Tenerife; N Langer/AifA Bonn; | Platais/JHU; and H Sana/Amsterdam.)




