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.~ Science Goals,. |

Obtain first hig)&olutlﬁn X- ray spectra of Sgr A* and dlffuse'
emission in thé traI go TR ey .

c->,v°e-'

Spatially and acc_:i*.etiorr flow within égr‘ A¥'s

Bondi radius_

Detect optlcally thin pIasma emission ILn’es (eg Si, S, Fe) |f

‘present at levels predlcted by RTRF models

Measure relative abundances of emlttlng plasmas and abserb_ing |
column along LOS | '
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. = Science Goalsl.

® Radio polarizati*n

easurements jndicate most accreting matter
does not reach SgriA* 3 evé‘ﬁt horizon --- dynamlcs and thermal
structuré of p | us how matter flows in and how
much and wh |

.

Monitor X-ray

reased cadence and *
minimal pile-up . :

Perform coordlnated multl-wavelength monltorlng of flares from
“radio up to gamma- rays mcludlngmm 'VLBI '

® Constrain 3D GRMHDB simulations of Sgr A* accret.ionoflc_)w,
using MW properties of flares and I|mm VLBI imaging

Sagittarius A*

NASA/CXC/MIT/
- ’ F.K.Baganoff et al.
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Observatlonal Overwew

® Completed 3Ms ,‘.sure ‘Sgr A>*< W|th Qhandra/HETGS

® 38 separate 012 ,February 6 to October 31

® Observing co ' nglng

A mmlmlze background 76.4 (6)
(7) 270 7/ (I) & 282 3 (I 3) degrees

® Desired specific roll
76.6 (1), 92.2 (10), 268!

® Desired .Iong exposures for mql_tl-waveléngth monitoring of
Sgr A* flares: > 90ks (14) |

Sagittarius A*

NASA/CXC/MIT/
F.K.Baganoff et al.
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Sgr A* XVP Cumulatlve nght Curve

Brightest flare yet seen: ~140x quiescence
Lx ~ 2 x 103 erg/s (2-8 keV)
Nowak et al. (2012)

107 1.5%x107 2x107

Time (sec)

Performed 6 campaigns with subsets of HESS,VERITAS, Fermi, INTEGRAgittarius A*
NuSTAR, Chandra, XMM, Keck,VLT,ALMA, SMA, CSO,VLA,VLBA & EHT Nsacxcmm

» F.K.Baganoff et al.
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Brrightest Flare Light Curve

Bayesian Blocks finds
structure at peak
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SgrA* “Ffare and.Quiescent’ Spectra --
* - ACIS-T & HETGS

HETGS Ist Order
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He-like Fe Kalpha line 4t 6.7 keV; No 6.4 keV line predicted
by Sazonov et al. (2012); See Wang et aI (20 |3) and talk
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onsistent ‘Flare Properties for
Brlghtest Chandra & XMM Flares

50

ACIS-I Quies. s
A HETGS Flare

30 40
Photon Index, I

20

—F'\
I:C
ol
|
-
=
Q
50
T
o
¥
|
o
X
a”
|
o
X
o —
T
[ ]
(L,

N,, (10* cm2)

Photon index ~ 2 and Nu ~ 15 x 10éz cm |
: Sagittarius A*
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- ““PW@ﬁértles of Brightest
X- ray Flare

Table 1
Joint Fit to Chandra Flare and Quiescent Spectra from the Sgr A* Region

State F3%, Fynaps Fynabs nans Fabs Nu r Eline Oline x%/DoF
(10-12 erg cm~ 2571 (1034 erg s -1 (nly) (1022 cm™2) (keV)

Flare mean 8.5%% 21.6*93  25.1%9% 19.2+%.2 770 14.3*44 2.0+07 = = 267/256

e +O 004 +0 04 +0.05 +0.04 . ~ o+0.8 +0.2 - 2+0.02 ~+0.04 +0.14 2"6T /DSA
Quiescent 0.14775 5003 0.45%04 0475503 0.36 04 9.6 12.9%5% 3.05;5  6.63%55  0.0255,  0.78T575 267/256
. ~1+3 +27 +25 +19

Flare peak 2143 54427 63*%, 48*19 -

Notes. The model, dustscat xTBnew X (powerlaw+gaussian), is applied separately to the quiescent spectrum and the flare spectrum. No Gaussian is included
during the flare. We model the zeroth-order spectrum during the flare as the sum of the quiescent emission and flare emission; for the HETG flare spectrum, we subtract
the quiescent emission and diffuse extended emission as background. In lieu of model normalizations, we measure the integrated 2—8 and 2—-10 keV fluxes F' with
the cf1lux convolution model. We report both absorbed (superscript abs) and unabsorbed (superscript unabs) fluxes; the 2—10 keV luminosity L presumes isotropic
emission at a distance of 8 kpc. Ff,’bs is the best-fit model flux density at 6 keV (no errors given). Ny is the equivalent hydrogen column density, I is the power-law
index, and Eljjpe, Oline, and EW are the energy, 1o width, and equivalent width of the Gaussian emission line. Errors are 90% confidence level for one interesting
parameter. Peak flux values are derived assuming a peak /mean flux ratio of 2.5 4= 0.3 (90% CL), with errors combined in quadrature. Due to pileup, this ratio may in

fact be ~10% too low (see the text).

Good agréeMentwith two brightést XMM flares.
' (Nowak et al. 2012, Ap|; 759, 95)

5 - Sagittarius A*
NASA/CXC/MIT/
» F.K.Baganoff et al.
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T X -Fay "Flares in 3Ms Exposure.
"1.12 +/- 0.18 flares/da
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Sagittarius A*
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NuSTAR Detects Sgr A>’< Flare!

L
- » g ’ .
-—.
»
L

See Barriere et al. talk and Zh_ang° et al. postek e
NuSTAR PI: F. Harrison (Calte¢h) =~ Sagittarius A*

- i . F.K.Baganoff et al.
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= C“"”""’S"g?? “A* Flare Scuence ToplCS

® = X-ray flares are non- ’rhermal but mechamsm is still

undetermined: s chr'o'rro.n with coolmg break (SB), external
Compton (EC) or chr'oﬁon self- Comp’ron (SSC)‘>

® X-ray & NIR flar

pear' ila’red (opt Thq\ pr'ocess)

® What causes N IR flux ra‘r|o9

® mm/radio eve

|mescale (~op‘r thick ,
process) : :

) a B
\ Ar'e mm/radio events coerla’red WI'I‘h X my/'NIR7
Rl o, do they Iead lag 6 sometlmes lead oTher times lag?

®* Need suffuaen’r sample of MWL flares to establish or refute
correlation with X-ray/NIR flares

Sagittarius A*

NASA/CXC/MIT/
- " F.K.Baganoff et al.
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= C“"”""’S"g?? “A* Flare Scuence ToplCS

® . Origin(s) of flares undetermmed.

magnetic rec

® shockin jeto xy
® stochastic i, .
® magnetic e: alling steroids? n

® What determi

® Need broad-band fl

nd- J'fné :evoltj,’r_ion observations
to undersTand flares :

R »

®  What do flares tell us about ran‘mos’r envuronmen‘r of Sgr A*

accretion flow? - . "y ¢

® Does this phenomenon Scale to other: LLAGN?

® Will 62 or similar events change Sgr A*'s rate of flaring and its

accre’ruon s’ra‘re’
Sagittarius A*

NASA/CXC/MIT/
F.K.Baganoff et al.
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3Ms Chandra HETGS Image of Sgr A*

S2/S3 chip gap

: _ ' :
* Events projected to common tangent plane
* Events outside ~250 pixels rotated to align grating arms
* Moderate;smearing of co-aligned spectra * , ° Sagiitarius A*

NASA/CXC/MIT/
- . F.K.Baganoff et al.
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HETGS Quiescent Background

Joint Fit to ACIS-I and HETGS CCD Spectra

1 30
250
20"
15F
10}
5|
C )
0:1 %{ —

Counts/bin
Counts/bin

Energy [keV] Energy [keV]

phabs (1) * (apec(1)+powerlaw(1l))
idx param tie-to freeze value
1 phabs(1l).nH 0 0 10.56378 5
apec(1l) .norm \ 0 0.0005789178 0
apec(1) .kT 0 0 1.59543 0.008
apec(1) .Abundanc 0 1 1.5 0
apec(1l) .Redshift 0 1 0 -0.999
powerlaw(1l) .norm 0 0 3.35018e-05 0
powerlaw(1l) .PhoIndex 0 0 1.573605 -2

A New View of Accretion onto Sgr A*, Leiden 2013

Sagittarius A*

NASA/CXC/MIT/
F.K.Baganoff et al.




~ Chandra X-ray Observatory
w8 % | chandra.harvard.edu

HETGS Quiescent Background

Expected HEG+1 Spectrum
The observed zeroth order HETG CCD spectrum may be used to predict the
expected number of counts in first order.

nXVIL/SXvE

20 Fe XXV

20

S XVI
S XV

e Lo b e e T B R

T B R T B R L L1 I
1.5 2 2.5 3 3.5 4 4.5
Wavelength [Angstrom]

What can be done to reduce the background?

A New View of Accretion onto Sgr A*, Leiden 2013

Sagittarius A*

NASA/CXC/MIT/
F.K.Baganoff et al.
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-

. ,&*3#& HETGS Quiescent Background

Order-Sorting Plot

Mrk 421

A New View of Accretion onto Sgr A*, Leiden 2013

- © Sagittarius A*
NASA/CXC/MIT/
- F.K.Baganoff et al.
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@f HETGS Quiescent Background

&

"'."'.'.-.

A New View of Accretion onto Sgr A*, Leiden 2013

- © Sagittarius A*
NASA/CXC/MIT/
» F.K.Baganoff et al.
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. SN HETGS Quiescent Background

0 20 40
A New View of Accretion onto Sgr A*, Leiden 2013

- © Sagittarius A*
. NASA/CXC/MIT/
- F.K.Baganoff et al.
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A New View of Accretion onto Sgr A*, Leiden 2013
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A New View of Accretion onto Sgr A*, Leiden 2013
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Constant Order: 0.95 - 1.05
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A New View of Accretion onto Sgr A*, Leiden 2013
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HETGS Quiescent Background

Constant F(A|Ag,Ap) = 0.8
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A New View of Accretion onto Sgr A*, Leiden 2013
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HETGS Quiescent Background

Summary

e The HETG quiescent spectrum is severely impacted by dispersed
background events.

e The size of the spatial background region depends upon the order-sorting
window used to filter the events.

e Several order sorting filters were proposed but none are ideal.

A New View of Accretion onto Sgr A*, Leiden 2013

Sagittarius A*

NASA/CXC/MIT/
F.K.Baganoff et al.
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No Detectable Ilnes
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. ~'No Detectable Iipes
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Ca XIX 3.177 & 3211 Angstroms
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- C""A‘i‘“’XW 395 & Ar XVII/S XVI 3.995
- Angstroms .

IEG-1 + HEG+1

3.6 3.65 3.7 3.75 3.8
Wavelength [Angstroms]
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- C""A‘i‘“’XW 395 & Ar XVII/S XVI 3.995
- Angstroms .
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S XVI 4.727 & 4 733 S XV 3. 039 Angstroms
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No Detectable L;nes
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Progress Summary

A f e
C res.trlpled and essentially plle-up free: flare

Number of X-ray:
at rrﬁltlple mechamsms

distributions ma

Oth-order quiescent'Spectrumi(Fe Kalpha)d grees with-Sazonov
et al. (2012) igin fextended emission vs RIAF

Brightest flare it I'stwo bnghtest XMM flares
photon index .

Modeling backgrou C
A* in qurescence

® Believe that we have good detéCtlQﬂ °f He"'ke Fe line; working t

reduce background to detectiadditional Innes => posslble relative
abundance measurements » ° :

Heldteam workshops in January and this Sunday to plan detailed

analyses and publications of these large MW data sets .
o o : , . © Sagittarius A*

NASA/CXC/MIT/
F.K.Baganoff et al.
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