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LETTER

5/]Jan/2012 Nature

doi:10.1038/naturel0&52

A gas cloud on its way towards the supermassive
black hole at the Galactic Centre

S. Gillessen', R. Genzel"?, T. K. Fritz', E. Quataert’, C. Alig*, A. Burkert*, J. Cuadra®, F. Eisenhauer’, O. Pfuhl', K. Dodds-Eden',

C. F. Gammie® & T. Ott’

Measurements of stellar orbits'” provide compelling evidence'”
that the compact radio source Sagittarius A¥ at the Galactic
Centre is a black hole four million times the mass of the Sun.
With the exception of modest X-ray and infrared flares®”, Sgr A*
is surprisingly faint, suggesting that the accretion rate and radiatio
efficiency near the event horizon are currently very low™®. Here
report the presence of a dense gas cloud approximately three times
the mass of Earth that is falling into the accretion zone of Sgr A*.
Our observations tightly constrain the cloud’s orbit to be highly
eccentric, with an innermost radius of approach of Unlr ~3, 100
times the event horizon that will be reached in 2013. Over the past
three years the cloud has begun to disrupt, probably mainly through
tidal shearing arising from the black hole’s gravitational force. The
cloud’s dynamic evolution and radiation in the next few years will
probe the properties of the accretion flow and the feeding processes
of the supermassive black hole. The kilo-electronvolt X-ray emis-
sion of Sgr A* may brighten significantly when the cloud reaches
pericentre. There may also be a giant radiation flare several vears
from now if the cloud breaks up and its fragments feed gas into the
central accretion zone.

« 3 Earth mass cloud

was found in the
Galactic center -

« Rperi~270 au/Tperi~
2013 Summer

)

e Giant radiation flare
would be observed
due to the mass
gﬁcretion onto the Sgr
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Cloud’s and orbital properties

« B : ~3ihEkESE
« B X (Effective R):~15mas ~125 AU

Table 1 | Orbit parameters of the infalling cloud

Parameters of Keplerian orbit around Best-fitting value
the 4.31 x 10°M, black hole at Ry = 8.33 kpc

Semi-major axis, a h21 + 28 mas

Eccentricity, e 0.9384 + 0.0066

Inclination of ascending node, | 106.55 + 0.88 deg

Position angle of ascending node, Q 101.5+1.1deg

Longitude of pericentre, w 109.59 + 0.78 deg

Time of pericentre, toeri 2013.51 +0.035

Pericentre distance from black hole, rperi 4.0+0.3 x10%%cm = 3,140Rs

Orbital period, t, 137 =11 years
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radio
radio

mm
millimeter
radio
millimeter

(sub)millimeter
(sub)millimeter

(submillimeter

submm

NIR

NIR

NIR

NIR

MIRAMIR
Yeray
Horay
Koray
Horay

Y-ray

Y-ray
¥-ray

H-ray
Y-ray
Y-ray
Y-ray
Gamma
Gamma

Gamma

Gamma

Instrument

VLA
WVLBA
vLBA

WLA

vLBA

SMA

EvLA
ALMA

ALMA
ALMA
ALMA

APEX

SINFONIAYLT

MACO AT

Kedk/OSIRIS &
MNIRCE

NACO LT

IRCS, HICIAO,
COMICS /Subaru

Chandra
Chandra / HETG
Chandra

KM

KM

KM
KM

Swift

Swift

Swift
Suzaku
INTEGRAL
INTEGRAL
INTEGRAL

Fermi

Title

Molecular Absorption Survey against the G2 Cloud Sar A
Accretion Event

Astrometry of Sar A% Preparing for the Infall of a Gas Cloud

Anzular size measurements and astrometry of Saris

Continuum monitoring

Joint VLBA/Chandra /EVLA Monitoring of the Gas Cloud G2 as it
Encounters Sar A#

Polanzation monitoring

Joint Chandra SMMAEVLA Monitoring of the Gas Cloud G2 as it
Encounters Sar A#

The G2 Gas Cloud Encounter with Sagittanus &+ Accretion
Structure on Scales of 3000 to 1 Schwarzschild Radii

Molecular Absomotion Survey against the G2 Cloud Sar A%
Accretion Event

Fuelling the Galactic center super massive black hole

Proper Motions of Gas in the Immediate Vicinity of the Galactic
Supermassive Black Hole

Differential L'—band spectroscopy of the Dusty S—cluster Object
[DS0,/G2) approaching Sarf#

Watching & gas doud disrupt [..]

Watching a gas doud disrupt []

A LGS-A0 Study of our Galaxy's Central Black Hole and its
Envirans

MNature of vanable Sgré# X—rav and polanzed NIR flares: Probing
the accretion stream and source vanakility during the passage of
DS0 /G2

Gas Cloud Accration onto the SMBH Sarbs

Monitoring the Tidal Disruption of a Gas Cloud Approaching Sar
Ak

H—ray monitoring of Sgr A% during outburst

Joint ChandraSWMM/EVLA Monitoning of the Gas Cloud G2 as it
Encounters Sgr A

Joint ChandraSMM/EVLA Monitoring of the Gas Cloud G2 as it
Encounters Sgr A%

Capturing a major accretion event of Sgr A%

Monitoring Sgar A%

Swift/XRT monitoring obeervations of the Galactic Center region
Continuing a Swift legacy: the monitoring campaizn of the
Galactic Center

Swift Monitoring of the Encounter Between Sgr A% and the Gas
Cloud G2

Capturing a major accretion event of Sgr A%

Forthcoming major outburst of Sar A#? Onoe in a life—time
chance for INTEGRAL

Observing the Galactic Center Region with INTEGRAL

Regu\arand frequent INTEGRAL monitoring of the Galactic Bulze
region

The Gamma—ray Yarability of Sgr A Ihduced by an Infalling
Cloud

Allocated
Time

10h

2 %2 x6h

1 full track
@ 2 bands

13 % 2hrs x
8 bands

B x7h
5x Thrs

B x Thrs

10 % Thrs =
2 bands

3.4h

56h
T0h

20k
18 x half-
nights (780

b e

20h

15h

6 x 20ksec
280ksec

6 x Blksec
1 % 30ksec

230ks

100ks
180ks

82ks
248ks

i8ks
200ks
2000 ksec
1000 ksec
479 ksec

duration of
flars

Strategy

Spectrum across multiple bands

Pre—encounter 22 and 43 GHz astrometry
single, pre—encounter, baseline
measurement

initially bimonthly, then monthly monitonng

3mm monitoring with Chandra AYLA

monthly monitoring of polanzation and RM,
Jarntay 2013 (to be reproposed for next
Semester)

Raoughly menthly sampling near pericenter,
simultaneous w/ Chandra obs

monthly monitoring beginning in 2013

Spectrum across multiple bands

Two epochs of deep integral field
spectroscopy to follow evolution of line
shape

TeO: IF Sarfe changes in 2013, gt multi—
band lightcurves

Deep Imaging & Spectroscopy of the central
arcsec

Foughly monthly sampling around pencenter
time

Tol If Sgrte gets brighter than Lx = 10736
erals

Roughly monthly sampling around percenter
time

Single obs. near pericenter

Tol If Sgr f# becomes brighter than 10735
ergls

Monitoring the cloud—Sgrl#* interaction

Bi—weekly monitoring (1 ks/oks)

Daily monitoring (1 ks/obs)

Monitoring weekly, then twice weekly, then
daily near pericenter (1 ks/obe)

ToO: ifSwift > 5 x 10735 erg/s
Tol

ToO LAT flux >Bx1079 ph/cm?/s or
enhanced

UT okserving dates

trggered at a flux >6Jy,
s tau "107=3

February 2013

beginning of semester

201348, W elews letter

2 eMews letter

Mary 2013

tn‘ggeredNatAa fluse >0y,
rms tau 1073

ToO: NIR spectroscopy,
MNIR polanmetry, or MIR
imaging

Chandra schedule

Chandra schedule

2x00ks

380ks

April 1, 2012 — March 31,
203

Apnl 1, 2013 — March 31,
2014

Aprl 1, 2013 — March 31,
204

Gas Cloud Wiki

https://wiki.mpe.mpg.de/gascloud/FrontPage
28 Jan 2013
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(Schartmann+2012)
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Sy — gy ~ ~
3R G2 >=a1b—>3>

o G2, Sgr A*, 7Rw bHRAD3RkT 7 NIK/SPHETI3IR
o> =1lL—>3>
— &1, AR i85 E(optically tin)ZZE
— Sgr A* (& sink #iIF
o 3IRT—REBEEITZTDTR
— 3Me iy F1E 125AU
o HIE/\SA—4 : Gillessen+2012
— FruEEEAl: A.D. 2013.5
« Since A.D. 1995 to A.D. 2033
o =m/J A(RIAF)) 0
/1.0 x 1016C'111) -

r
1.0 x 10'6¢ .
X cm) K

phot(r) = 1.7x 1[]_21fh0t

jn

T(r) = 2.1 x 108(
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Run parameters

o =DM f
-f=1 :Runl
—f+=0.1 : Run 2
—ft=0 : Run 3

Component Number of particles Mass of particles Softening length

Cloud (Run 1) 1 x 10° 3x 1076 Mg 0.43 au
Cloud (Run 2) 3 x 10° 1 x 1072 Mg 0.65 au
Cloud (Run 3) 107 3x 10~ Mg 0.20 au
Hot gas (Run 1) 1 x 107 2.8 x 107° Mg 0.92 au
Hot gas (Run 2) 3 x 106 9.4 x 107° Mg 0.63 au
Hot gas (Run 3) N/A N/A N/A
SMBH (Run 1,2,3) 1 4.31 x 10® Mg 10 au
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Parallel N-body/SPH code :
ASURA

C (C99) + MPI
Domain decomp.:0Orthogonal Recursive

Bisection
Gravity: Parallel Tree+GRAPE
— ;I/ardware accelerators : GRAPE-5/GRAPE-6A/GRAPE-

Hydro : Density Independent SPH
(Saitoh&Makino 2012b)

Time_ integrator: Leap-frog
+Individual time stegs
+Time-step limiter (Saitoh&Makino 2009)
+FAST (Saitoh&Makino 2010)
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CND scale (~pc)
e.g., Vollmer & Duschl (2002)

102-3 Rs (~102-3au)
e.qg., Aitken et al. (2000)

102 Rs (~102au)
e.g., Marrone et al. (2006)

Kato et al. (2009)
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2. HRAEDYAXH 125 au : ascending node h'5
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3. INTOIFRIIF—hHuamEiERsC AR
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E = m(R?> — h?)pV2dh = 3.5 x 108 T,
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S LEDRE
o TJIE: Pr) = prilr)ve(r)?,
o« BHIFfRDIE D DITHILF—
o CP(roan(r) = Cppolr)re(r)io
» Hot ambient profile EENVEDIEHR(r-v,;
Burkert+2012)Z2 AN &

AdEram . . 6 x 10 ¢m 6 x 101 em - 3/2 . .
I 7.5 5 109C fio ( . ) {( - ) 0.4{%} (ﬁ_(m AU)?) ore s

1 . A. D. 2000,I’2000=6X1016CI’T\\

o=n(125AU)2, dE/dt ~ 7.5 x 10%C fi,o ergs™".

2. A.D.2013.5,r55:3 s=4%x10%>cm,0<1AUx40
AU=40AU2, dE/dt < 5.1 x 103C f,,; erg s~ 1.
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