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Light echoes reveal black hole’s violent past

Researchersusing NASA's ChandraX-ray
Observatory havefound evidencethat the
normally dimregion closeto the supermassive
black holeat the centre of theMilky Way
flared up with at least two luminous outbursts
during the past few hundred years. This
wasdeduced fromthelight echoesof these
outburstson nearby gasclouds.

Themotion of the starsat the centre of
the Galaxy —whichisseenfrom Earth as
theMilky Way —hasindicated the existence
of ablack holewith amassof about four
milliontimesthat of the Sun at the position
of theradio source Sagittarius A*, or Sgr A*
(CERN Courier November 2012 p15). This
supermassive black holeisremarkably
quiescent with an X-ray luminosity only
about 10 orders of magnitude below the
emission of activegalactic nuclei. Toexplain
such aweak emission, theoristsdeveloped a
new classof modelsfor which gasaccretion
onto ablack holewould beradiatively
inefficient. Nevertheless, despite its low
emission, Sgr A* displayssomeactivity in
the form of flares. These occur almost daily
and last lessthan about an hour. During
aflare, the flux increases by a factor that
rangesfrom afew to about ahundred at most,
well below the emission potential of sucha
massiveblack hole.

X-ray astronomy began only 50 or so
yearsago, but therearewaysto probethe
earlier activity of thisapparently dormant
giant. One of themisto observethe X-ray
emission of gascloudssurrounding the
supermassive black hole. An outburst from
Sgr A* could be reflected by the clouds
towards Earth. The reflected light would
then replay the original event with adelay,
just assound echoesreverberatelong after
the original noisewas created. A beautiful
example of such alight echo waswitnessed
around the flaring star V838 Monocerotis
(Picture of theMonth, CERN Courier June
2003 p13 and May 2005 p13).

A group of French astrophysicistswith
colleaguesfrom the USand Germany
used the high-resolutionimagesfromthe
Chandrasatellitetoinvestigatethe past
activity of Sgr A*. Indatacollected from
1999 to0 2011, the team — led by Maica Clavel
fromthe AstroParticleand Cosmology
(APC) laboratory in Paris — observed strong
variationsof the X-ray emission of clouds
located near the Gal actic centre. The X-ray
echoes suggest that Sgr A* would have been
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Compositefal se-colour image of the centre of
the Milky Way hosting the super massive
blackhole Sgr A*. Theinfrared view by
Hubbleshowsstars (yellow) and gas (pink),
whereasChandra’'sX raysreveal hot gas
(blue). (Imagecredit: X-ray—NASA/UMass/D
Wangetal., IR-NASA/STcL.)

a least amilliontimesbrighter had it been
observed during X-ray outburstsof the past
few hundredyears.

This is the first time that astronomers have
seen both increasing and decreasing X-ray
emissioninthesamestructures. Because

thechangein X rayslastsfor only two years
inoneregionand morethan 10yearsin
others, thisnew study indicatesthat at least
two separate outburstswereresponsible
for thelight echoes observed from Sgr A*.
Thesewerelikely to have been produced
when large clumps of material —possibly
from adisrupted star or planet—fell intothe
black hole. Some of the X rays produced by
these episodeswould then have produced
X-ray fluorescence emission in gas clouds a
hundred light years away from theblack hole.
Thisstudy suggeststhat therecent
quiescenceof Sgr A* isonly temporary and
that the Milky Way’s black hole can flare up
whenever enough matter approachesitsevent
horizon. During the past summer, acloud of
gaswasobserved to have beenripped apart by
thetidal forcesnear Sgr A*. It remainsto be
seen how much X-ray radiation theaccretion
of someof thisgasmight produceinthe
coming months. A much stronger past activity
of thenucleus of the Galaxy isal so suggested
by the detection by the Fermi Space Telescope
of thetwo huge gammarray bubblesblown
out on both sidesof theMilky Way (CERN
Courier January/February 2011 p11).

o Further reading
M_Clavel etal.2013 A&A 558 A32.

Picture of the month

Look at the sky on Christmas Eve
and you might see this comet
called ISON. “Might”, because
astronomers are still speculating
whether the comet’s nucleus

is big enough to survive its
closest passage to the Sun on

28 November or whether it will
disintegrate. In this respect, this
Hubble Space Telescope image
taken on 9 October when ISON was
inside Mars’s orbit is reassuring.
There is no sign of fragmentation
and the coma or head surrounding
the comet’s nucleus is symmetric
and smooth. The comet’s coma
appears cyan, due to ionized gas,
while the tail is reddish from dust

streaming off the icy nucleus under the pressure of sunlight. The closest approach to Earth will be
on 26 December at a distance of 64 million km. (Image credit: NASA, ESA, and the Hubble Heritage

Team (STScl/AURA).)
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