Study of the Galactic Center Region and
the Super Massive Black Hole Sgr A*
with Near-Infrared Polarimetry
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Outline:
1. What is Sgr A*?

2. Sgr A* Flare Polarimetry
Nishiyama et al. 2009 ApJ 702 L56

3. Galactic Center Magnetic Field
Nishiyama et al. in prep



Looking up at the sky,

©1997 by F. Espenak

All sky image from Southern hemisphere
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Cosmic Microwave Background



Cosmic Microwave Background

(Cover Page, Physics Today
1992) COBE DMR

http://lambda.gsfc.nasa.gov/product/cobe/dmr_image.cfm

Dipole Component
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Cross-section of Milky Way (Herschel 1785)

Sun < 8600 light years
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Real
Milky Way
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Big Bang Temp

sl ity

Radiation = Matter
Energy

We can only see
the surface of the
PRESENT cloud where light

13.7 Billion Years was last scattered
after the Big Bang

The cosmic microwave background Radiation’s
“surface of last scatter”is analogous to the
light coming through the clouds to our

eye ona cloudyfayy. //map.gsfc.nasa.gov/resources/edactivit



Milky Way Galaxy at Various Wavelength
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Stars at Galactic Center (A=1-2.5um)
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Color: Blue = J-band (1.25um)

¢ InfraRed Survey Facility 1.4m Telescope
oo g alactic Center IRSFl.4m+ SIRIUS

[ xposure @ S sec. X 10 Simultaneous-3color InfraRed Imager for Unbiased Survey




Atmospheric Turbulence

Red Supergiant Star “GC IRS7”

(Should be a Point Source)



Subaru Telescope and &
Laser Guide Technique

4 Adaptive
yez  Optics

http://subarutelescope.org/Pressrelease/2006/
11/20/j_index.html
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Near Infrared Image (2.2 um)
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http://www.astro.ucla.edu/~ghezgroup/gc/



Near Infrared Image (2.2 um)

The Galactic Center at 2.2 microns

699

(1 Ly)
(0.3pc)

Adaptive Optics

http://www.astro.ucla.edu/~ghezgroup/gc/



Infrared Image of Galactic Center
3 arcsec

Field of View

1994 1996 2000

http://www.mpe.mpg.de/ir/GC/res_mass.php?lang=en
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Infrared Image of Galactic Center
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Sgr A* : Super Massive Black Hole
at the Center of our Galaxy

[ Closest SMBH ~8 kpc (25,000 light years)
00 Mass : ~4x10° M.,

o no
R T
]
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Dereddened flux density (mJy)

0

t=t, (min)

0 Since 2000, many X/NIR flares

(Genzel et al. 2003)



Sgr A* Observations with Subaru/CIA0
<22".2 x 22".2 (0.86pc@8kpc)

>

[02008/5/28
[0 Subaru/CIAO/A0O36

] AO guide star:
USNO0600-28577051
(R=13.7, ~20")

] Ks polarimetry
20sec exposure
at 4 wave plate angles

- polarimetry every ~3.3min



Sgr A* Observations with Subaru/CIA0




Sgr A* Observations with Subaru/CIA0

>48____ Light Curve on 2008/5/28
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SgrA* ... SMBH at the Galactic Center

Sgr A* : Supermassive black hole (SMBH)
at the center of our Galaxy

O Closest SMBH : “8 KpC 5| o 4 is i
O Mass : ~4x10° M,
[ Since 2000, many X/NIR

—h
N
o

Dereddened fl ﬁe nsity (mdJy)
m I

E=N
. " T T

NIR Polarimetry Yy |
# High spatial resolution oL 11" lGenzel et al. 2003)
@ Short timescale variability 1, (min)

-> phenomenon close to SMBH (<10r,)

@ High flare rate > large samples

€ Additional information with polarimetry
(mag. field geometry. orientation of disk, etc.)



Sgr A™ Observations with Subaru/CIAO
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r A* Observations with Subaru/CIA0

Light curve
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Discussion: Hotspot Model

Fukue et al. 2003



Discussion: Hotspot Model

Time Broderlck & Loeb (2006)



Discussion: Hotspot Model
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Observer hon- }[OtSPOt Model

Hotspot model
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Stars at Galactic Center (A=1-2.5um)
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InfraRed Survey Facility 1.4m Telescope

g g alactic Center IRSFl.4m+ SIRIUS

[ xposure @ S sec. X 10 Simultaneous-3color InfraRed Imager for Unbiased Survey

(300 pc 1000 ly)
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Observation
(;4m IRSF + SIRPOL

oNear IR
(J,H,Ks)

e POlArized Images

= eField of View:
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Interstellar Polarization

Dichroic polarization

* by magnetically aligned, non-spherical grains
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ntours : 850um

& 450pm Polarizatior
Packground : 90cm

Map (Novak et al. 2003)

B-feld vectors
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Starlight Polarization
Optical Data (~9000 Stars@Blue)
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NIR Polarization at the GC

B at the "Center” of the Galaxy
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Nishiyama et al. 2009
ApJd, 690, 1648
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NIR Polarization at the GC
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