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NASA Mission concept for 2020 Decadal review; launch 2030ish 

7 μm – 800 μm (ish), Large aperture 8-15 m 

Study Chairs: Margaret Meixner & Asantha Cooray 

Comes from the NASA Astrophysics Roadmap, Enduring Quests, Daring 
Visions: Improvements from Herschel 

• large gain in sensitivity 

• angular resolution sufficient to overcome spatial confusion in deep 
cosmic surveys 

• new spectroscopic capability 

 

 

 







We want your input! 

Please contact, if interested in 

contributing: 

cbattersby@cfa.harvard.edu 

mailto:cbattersby@cfa.harvard.edu


The Milky Way Laboratory 

Extreme SF in 

our Galactic 

Center 

Figure Credit: NASA / JPL-Caltech / R. Hurt (SSC-Caltech) 
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70 μm 

8 μm 

Central Molecular Zone 

N(H2) (Battersby+ in prep.), 70 μm (Hi-GAL, Molinari +2011), 

8 μm (GLIMPSE, Benjamin+20003) 

100 pc 

• Δv ~ 10x higher  

• n ~ 10-100x higher 

• High temperatures, ubiquitous exotic molecules  
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70 μm 

8 μm 

Central Molecular Zone 

N(H2) (Battersby+ in prep.), 70 μm (Hi-GAL, Molinari +2011), 

8 μm (GLIMPSE, Benjamin+20003) 

100 pc 

“Bricklet” D 

No signs of active star 

formation  

105 M


 in < 3 pc 

T ~ 20 K, ΣH2 ~ 1 g cm-2  



SMA Legacy Survey of the 

Central Molecular Zone  

• Large primary beam + wide bandwidth + long 
wavelength + high angular resolution  detect 

early star formation across a large area 

• First survey of the CMZ ever to be able to do so  
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CMZoom 

• 230 GHz (1.3 mm) 

• 240 arcmin2 (above N(H2) = 1023 cm-2 or 3x1022 cm-2)  

• 4’’ (0.2 pc) resolution, Δv~1.1 km/s 

• dust continuum + spectral lines (H2CO, 12CO, 13CO, C18O, 
SiO, CH3OH, CH3CN, etc.): 8+ GHz bandwidth 

• 3 mJy RMS continuum, 0.4 K 

• 500 hours (60 tracks; 15 tracks subcompact, 45 tracks 
compact) over 3 yrs 

• Complement with single-dish (APEX, CSO) observations 

100 pc 
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CMZoom 

• 230 GHz (1.3 mm) 

• 240 arcmin2 (above N(H2) = 1023 cm-2 or 3x1022 cm-2)  

• 4’’ (0.2 pc) resolution, Δv~1.1 km/s 

• dust continuum + spectral lines (H2CO, 12CO, 13CO, C18O, 
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CMZoom 

• 230 GHz (1.3 mm) 

• 240 arcmin2 (above N(H2) = 1023 cm-2 or 3x1022 cm-2)  

• 4’’ (0.2 pc) resolution, Δv~1.1 km/s 

• dust continuum + spectral lines (H2CO, 12CO, 13CO, C18O, 

SiO, CH3OH, CH3CN, etc.): 8+ GHz bandwidth 

• 3 mJy RMS continuum, 0.4 K 

• 500 hours (50 subcompact, 450 compact/custom) over 3 yrs 

• Complement with single-dish (APEX, CSO) observations 

Find embedded star formation 



Central Molecular Zone 

“Bricklet” D 

100 pc 

Cold dust – submillimeter  



Central Molecular Zone 

“Bricklet” D 

100 pc 

Cold dust – submillimeter  



CMZoom 

Team: 

CfA: Cara Battersby, Eric Keto, Qizhou Zhang, Xing ‘Walker’  Lu 

(Nanjing), Mark Graham (Oxford), Nimesh Patel, Volker Tolls, 

Dennis Lee, Jimmy Castaño, Liz Gehret, Irene Vargas-Salzar 

Bonn: Jens Kauffmann, Thushara Pillai 

Liverpool: Steve Longmore, Daniel Walker (CfA), Jonny Henshaw 

University of Colorado, Boulder: John Bally 

Heidelberg: Diederik Kruijssen, NRAO: Betsy Mills 

ESO: Adam Ginsburg, Katharina Immer, Leeds: Katharine Johnston 

Peking University: Luis C. Ho, Perth: Andrew Walsh 
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Driving Science Questions: 

1) What is the cause of the extremely low star 

formation efficiency (given the reservoir of 

dense gas) in the CMZ? 

2) Is there an energy and SF cycle in the CMZ?  

Where does gas enter the CMZ? 

3) Is SF induced by tidal compression by SgrA*? 

4) Can we find precursors to the most massive 

stars in the Galaxy? 
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N(H2) 

70 μm 
8 μm 

Longmore 

et al. 

(2013b) 

100 pc 

The “Molinari Ring” (Molinari+2011) 
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New orbital models 

(Kruijssen, Dale, & 

Longmore 2015) 



N(H2) from HiGAL Battersby+, in prep., 70 μm from HiGAL, Molinari+ 2011, 

8 μm from GLIMPSE (Benjamin+ 2003) 

Tidal compression of clouds 
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Kruijssen, Dale, Longmore 2015 



N(H2) from HiGAL Battersby+, in prep., 70 μm from HiGAL, Molinari+ 2011, 

8 μm from GLIMPSE (Benjamin+ 2003) 

Tidal compression of clouds 

Dan Walker – PhD 

student in Liverpool 

SAO Pre-doc 
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70 μm 

8 μm 
N(H2) 

ALMA 3mm contours, 

Rathborne+ 2014; 2015 
SMA 1.3mm contours 

Nff = 0.61 

No SF 

tracers 

Nff = 0.65  

H2O maser 

Nff = 1.28 

H2O and 

CH3OH masers  

Nff = 1.76 

H2O, CH3OH, SiO, H2CO 

masers + 70 μm 



Barnes, Longmore, Battersby, & Bally in prep. 

Warm dust column density 

Cold dust column density 



Driving Science Questions: 

1) What is the cause of the extremely low star 

formation efficiency (given the reservoir of 

dense gas) in the CMZ? 

2) Is there an energy and SF cycle in the CMZ?  

Where does gas enter the CMZ? 

3) Is SF induced by tidal compression by SgrA*? 

4) Can we find precursors to the most massive 

stars in the Galaxy? 
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Why is the SFR low in the CMZ? 
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Why is the SFR low in the CMZ? 

Mark Graham 

SAO Pre-doc, now a 

PhD student at 

Oxford 



Why is the SFR low in the CMZ? 

N(H2), 70 μm, 8 μm 
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SMA 1.3 mm dust 

continuum 
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continuum 

Why is the SFR low in the CMZ? 

Is it star forming? 

 Dense gas 

 Shocked, highly excited 

gas 

 Virial ratio < 2 

 Power-law tail in N-PDF 

 Outflow or localized hot-

core chemistry 
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Is it star forming? 

 Dense gas 

 Shocked, highly excited 

gas 

 Virial ratio < 2 

 Power-law tail in N-PDF 

 Outflow or localized hot-

core chemistry 

Gravity vs. pressure 

(thermal and 

turbulence) 
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Shetty et al. 2012, 
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SMA 1.3 mm dust 

continuum 

Why is the SFR low in the CMZ? 

Dendrograms, e.g.  

Shetty et al. 2012, 

Rosolowsky et al. 2008 

Liz Gehret 

SAO REU 

student 

High levels of turbulence are 

preventing star formation  



SMA 1.3 mm dust 

continuum 

Structure Identification 

Battersby, Gehret, et al., in prep. 

H2CO (3-2) 

35-45 km/s 

45-55 km/s 

55-65 km/s 



Structure Identification 

H2CO (3-2) H2CO (3-2) 

35-45 km/s 

45-55 km/s 

55-65 km/s 

SCOUSE line fitting  

Jonny Henshaw 

Liverpool 
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SMA 1.3 mm dust 

continuum 

Why is the SFR low in the CMZ? 

Is it star forming? 

 Dense gas 

 Shocked, highly excited 

gas 

X Virial ratio < 2 

X Power-law tail in N-PDF 

X Outflow or localized hot-

core chemistry 

3σ 

High levels of turbulence 

(and maybe more) are 

preventing star formation  
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CfA / Nanjing Univ. 
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Why is the SFR low in the CMZ? 

SMA 1.3 mm 

Is it star forming? 

 Dense gas 

 Shocked, highly excited 

gas 

 Virial ratio < 2 

? Power-law tail in N-PDF 

 Outflow or localized hot-

core chemistry 

Discovered hidden star 

formation 

Lu, et al., 2015 
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Lu, et al., in prep. 



N(H2) from HiGAL Battersby+, in prep., 70 μm from HiGAL, Molinari+ 2011, 

8 μm from GLIMPSE (Benjamin+ 2003) 

Why is the SFR low in the CMZ? 



Pre-cursors to high-mass stars 

Battersby, Graham, 

et al., in prep. 
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mass estimates, 
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Core 1: 550 M
 

Core 2: 340 M
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Pre-cursors to high-mass stars 

Battersby, Graham, 

et al., in prep. 

Is it star forming? 

 Dense gas 

 Shocked, highly excited 

gas 

 Virial ratio < 2 

 Power-law tail in N-PDF 

 Outflow or localized hot-

core chemistry 

SMA 1.3 mm dust 

continuum 

Lada et al. (2010) 

critical density 
3σ 

Star 

Formation 

No star 

Formation 



N(H2) from HiGAL Battersby+, in prep., 70 μm from HiGAL, Molinari+ 2011, 

8 μm from GLIMPSE (Benjamin+ 2003) 

Why is the SFR low in the CMZ? 

Low-level 

isolated star 

formation 

Previously known 

very active star 

formation 

Discovered hidden 

star formation 

High levels of turbulence 

(and maybe more) are 

preventing star formation  



N(H2) from HiGAL Battersby+, in prep., 70 μm from HiGAL, Molinari+ 2011, 

8 μm from GLIMPSE (Benjamin+ 2003) 

Why is the SFR low in the CMZ? 

Low-level 

isolated star 

formation 

Previously known 

very active star 

formation 

Discovered hidden 

star formation 

High levels of turbulence 

(and maybe more) are 

preventing star formation  

• High turbulence inhibits SF 

• Some SF was missed 



Driving Science Questions: 

1) What is the cause of the extremely low star 

formation efficiency (given the reservoir of 

dense gas) in the CMZ? 

2) Is there an energy and SF cycle in the CMZ?  

Where does gas enter the CMZ? 

3) Is SF induced by tidal compression by SgrA*? 

4) Can we find precursors to the most massive 

stars in the Galaxy? 

 

 

N(H2) 

70 μm 
8 μm 



Driving Science Questions: 

1) What is the cause of the extremely low star formation efficiency 

(given the reservoir of dense gas) in the CMZ? 

 Some places are *very* active, in others, high levels of 

turbulence are important in inhibiting star formation 

2) Is there an energy and SF cycle in the CMZ?  Where does gas 

enter the CMZ? 

3) Is SF induced by tidal compression by SgrA*? 

Observations consistent 

4) Can we find precursors to the most massive stars in the Galaxy? 

      We have some good candidates 

N(H2) 

70 μm 
8 μm 



Extreme SF in our Galactic Center: 

new, large survey shows turbulence 

can inhibit SF, tidal compression can 
(maybe) trigger it, and it can happen 

where we least expect it. 

Our infinite thanks 

to the many many 

people at the SMA 

who made this 

survey possible! 



Bally et al. 2010 

from Binney et 

al. 1991 
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Kruijssen 2015 

Why is the SFR low in the CMZ? 

Torrey et al., 

2016 



All Total 
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Compact + subcompact + single dish 
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