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Galactic nuclear regions play a key role 
in galaxy formation and evolution! 

•  Every major galaxy 
contains a SMBH and/
or a nuclear stellar 
cluster. 

•  Their masses are 
correlated with the 
spheroid mass. 

•  How these correlations 
are achieved is not 
clear. 

Graham & Spitler 2009 Little is known about the interplay 
among the ISM, stars, and SMBHs 



Large-scale high-resolution multi-band  
mapping of the Galactic Center (GC) 

•  Mapping programs: 
–  Chandra X-ray surveys 
–  HST/NICMOS Pα Survey 
–  LMT/AzTEC 1.1-mm continuum survey 

•  Goal is to understand the interplay among 
the SMBH, SF and the extreme nuclear 
environment: 
–  Various high-energy feedback processes 
–  The massive SF mode and history 
–  The 3-D gas/dust and stellar distributions, as 

well as the foreground extinction 



2MASS Image of the GC region 
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Red: K band  Green: H band   Blue: J band 



Chandra survey of the GC 

Wang, Gotthelf, & Lang (2002), Muno et al. (2006) 

Yamauchi et al. (2013) 

kT  ~ 4.1 keV 
NTF G359.54+0.18 

Lu, Wang, & Lang (2003) 

Sgr C Sgr B 

Red: 1-3 keV   Green: 3-5 keV   Blue: 5-8 keV 

Sgr A 



Bridge 

Sgr A* 

Arches cluster 

Quintuplet cluster 

G0.11-0.11 



X-ray reverberation of a Sgr A* 
burst ~ 100 years ago 

Ponti et al. 2010 

Sgr A* was bright about 100 
years ago (Lx ~ 1039 erg/s)! 



Earlier GC activity: Detection of 
recombining plasma. 

S. Nakashima et al. 2013 

We have obtained Suzaku 
observations of the Galactic 
northern counterpart of the 
plasma. Wang et al. 16 



Enhanced ionization of the Magellanic Stream    

 Bland-Hawthorn et al. (2013) 

What are the frequency and duration 
of major bursting episodes? 



Extended Hard X-ray Emission in the 
Inner Parsecs of the GC 

Perez et al. (2015) 

•  Detected mostly in 20-40 keV. 

•  More sharply peaked than the soft X-ray population.  

•  Massive population (103 - 104) of intermediate polars with the 
accreting  white dwarfs > 0.9 M¤. 



Nature of the enhanced specific He-like 
Fe Kα line emission toward the center 

Possibilities: 
1.  Presence of T ~ 108 K plasma 
2.  Enhanced number density of CVs 
3.  Problematic stellar mass distribution model 

Nishiyama et al. 2013 



Chandra spectra of resolved and 
unresolved emissions 

Chandra detected 
sources are on average 
substantially harder 
than that of the diffuse 
emission, but have a 
smaller 6.7-keV line EW. 
mCVs don’t seem to be 
the dominant 
contributor. A truly 
diffuse emission is most 
likely present. 
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Spatially resolved decomposition of 
the “diffuse” X-ray Spectrum 

Only about 15% of the 
observed X-ray 
emission is resolved. 

Decomposed into three 
components: 

•  CVs with T ~ 108 K 
•  Hot gas with T ~ 107K 
•  Reflected nonthermal 

(power law +6.4-keV Fe 
florescent line). 

CV Hot gas 

nonthermal absorption 

This decomposition is, 
however, sensitive to the 
assumed spectral models. 



HST/NICMOS Mapping of the GC 

Q. D. Wang (PI), H. Dong,  D. Calzetti (Umass) 
M. R. Morris, E. A. Mills (UCLA), S. Stolovy, M. 

Muno, J. Mauerhan, (Caltech/IPAC/JPL), 
Cotera (SETI), C. C. Lang (U. of Iowa),  

G. Schneider (U. Arizona)  



HST/NICMOS 1.9µm Map of the GC 

•  144 HST orbits à 144X4X4=2304 images for each of the 1.9µm and 
1.87µm narrow-band filters (Wang et al. 10; Dong et al. 10) 

•  Resolution: 0.025 light-year (0.2”) 
•  Instrumental background removal and astrometry correction (to 

better than 0.04”) are based mainly on overlapping regions. 
•  The 1.9µm filter is sensitive to the stellar continuum emission. 

39’ (300 light-year) 

15’ (115 light-year) 

Sgr A* 

Arches cluster 

Quintuplet cluster 



1.9 µm magnitude distribution 

0.6 million stars are detected: 
•  accounting for > 80% light, essential all stars with M > 8 M¤ 

and evolved lower mass ones. 
•  strong red clump indicates a major starburst ~300 Myr ago. 

Red clump 

Total 

GC (2 < AK < 5) 



HST/NICMOS 1.87µm Map of the GC 

•  The 1.87µm filter covers the Pα line. 
•  Subtracting the 1.9µm map from the 1.87µm map 

adaptively à A net Pα line emission map. 



Net Pα Map of the Galactic Center 

Why do we need the HST to observe the Pα emission? 
•  Only observable from the space 
•  Excellent imaging stability 
•  Little background due to the Earth’s warm atmosphere 

Wang et al. 2009 

Arched HII filaments 

Sickle HII region Sgr A* 

Arches cluster 

Quintuplet cluster 



Ionized gas features 
resolved into arrays of 
organized linear 
filaments à strong local 
magnetic fields. 



Detailed views of  
individual compact HII regions 

Discovery of a 
Luminous Blue Variable 

(Mauerhan et al. 10) 

LBV G0.120−0.048 



New population of young massive stars 

•  ~180 stars show enhanced Pα emission. 
•  ~2/3 of them are located outside the three known clusters. 
•  20 have been followed up spectroscopically, confirming that 

they are indeed massive stars (Mauerhan et al. 09; 10). 



Kinematics of new discovered 
massive stars 

Dong et al. 15 

Radial velocities of stars (crosses), compared with 
those of adjacent ionized (red and blue) and 
molecular (Cyan) gases. 

Arches cluster 



Dust generated by WR stars 

Detected dust mass associated with individual WC stars 
in the quintuplet cluster can reach 10−5 M¤.  
à Could WC be responsible for dust in high-z galaxies? 

Dong et al. (2012) 

A sample fit 



Results from the HST/NICMOS survey 
•  Construction of a high-res extinction map 

toward the GC.  
•  Fine filamentary structures of ionized diffuse 

gas indicating strong influence of local strong 
magnetic field. 

•  Compact nebulae, tracing various stages of 
massive star evolution 

•  A new pop of very massive stars in relative 
isolation and with strong winds. 

•  Large amounts of hot dust associated with 
WC stars.  



Millimeter survey of the CMZ 

Q. Daniel Wang (PI) 
Yuping Tang, Grant Wilson, Min Yun, Mark Heyer,  

Robert Gutermuth, Daniela Calzetti (UMass) 

Laurent Loinard (UNAM), Miguel Chavez, Sergiy Silich, 
David Hughes (INAOE) & John Bally (U. of Colorado) 



The Large Millimeter Telescope 

The LMT, jointly constructed by 
Mexico and UMass  is a 50m 
diameter millimeter-wave telescope 
at the summit of Volcano Sierra 
Negra at an elevation of 4600m. 

Part of the Event Horizon Telescope 

Only 32 m diameter is ready 
currently. AzTEC and RSR have  
already been commissioned. 



The Central Molecular Zone (CMZ)  

Kruijssen et al. 15 
Red: JCMT/HOPS NH3(1, 1)  
Green: MSX 21.3 µm  
Blue: MSX 8.28 µm 

•  The highest concentration of dense clouds in the 
Galaxy. 

•  An unusual low SF rate per gas mass and may thus 
be at the dawn of a major starburst. 

Longmore et al. 13	



Scientific Goals of the LMT mapping 
•  To produce a large-scale, moderate resolution, systematic 

map of massive pre- and proto-cluster clumps in the CMZ 
and study how they are assembled on various scales. 
–  The LMT/AzTEC provides a 9” resolution, compared to 

such existing surveys as the CSO/Bolocam map (33”) at 
1.1 mm. 

•  To characterize the dust opacity/emissivity, temperature, 
dust/gas mass, density, etc., as well as the spatial 
structure.  
–  At 1.1 mm, dust emission is optically-thin and is only 

linearly dependent of temperature. 
•  To understand why dust is substantially colder than 

molecular gas, how and under what conditions SF occurs in 
isolation/small group or in clusters. 

•  Combined with extinction measurements, to infer the 3-D 
distribution of dusty clouds. 



LMT/AzTEC 1-mm map of the CMZ 	

Arches cloud Radio SNR Sgr B 
Sgr A 

Brick  
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1.1-mm composite map of the CMZ 



 
 Modeling the dust emission in the CMZ 

from 170µm to 1.1mm 
 

•  Forward Fitting:       
–  Different instrumental resolutions in 

different bands are integrated into the 
model. 

•  Hierarchical Bayesian Fitting 
–  Distributions of physical parameters 

(etc. NH2) are modeled as hyper priors 
(etc. log-normal + power law).   

Tang et al. 2016 



 
 

Product Maps:  
Column Density and Optical Depth 

 



Product Maps:  
Temperature and emissivity index 



Summary	
•  We have made wide field, arcsec resolution 

surveys of the GC in X-ray, near-IR, and 1.1-mm.  
•  These surveys, in combination with 

complementary maps (e.g., from Spitzer and 
Herschel in mid- and far-IR), enable detailed 
studies of the GC: SF mode; massive star pop; 
stellar wind properties; 3-D spatial distributions 
of stars, dust and gas properties, as well as 
various high-energy phenomena and processes.  

•  Follow-up molecular line surveys will enable such 
studies as the kinematics and dust/CO ratio, etc. 



Multiwavelength dust map of the CMZ  

-0.092 -0.08 -0.054 -0.0031 0.098 0.3 0.71 1.5 3.1 6.3 13

Red: 1.1mm   Green: 170µm  Blue: 8µm 



Kruijssen et al. (2015) 


