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Three Dimensional Mapping of the  
Stellar and Star-Formation Break  

of the Milky Way Galaxy 
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GLIMPSE (Galactic Legacy Infrared Midplane Survey Extraordinaire) 
  • 3.6, 4.5 (2003-13) 5.8, 8.0 µm (2003-06) coverage of 360o of Galactic Plane 
  • 64% of all stars in the Galactic disk, bar, and bulge are in survey area 
  • 91% of all star formation in Galactic disk contained in survey area  
  • 677 refereed publications  
        (More than any other Spitzer Legacy Program by 263.)     
  • 1,188 square degrees  /  180 days of observing time  
  • 229,211,668 million sources 
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(Almost) extinction free view of the Disk:  A[4.5]= 0.04 AV 
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Infrared starcount map as a function of wavelength (2MASS + GLIMPSE)  



Four Outer Galaxy Source Histograms: lo=156-214 
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1800 GLIMPSE histograms in a single plot  



Correcting for Extinction 

Rayleigh-Jeans Color Excess  (RJCE): H-[4.5] (Majewski et al. 2011) 
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Near Infrared Color Excess (NICE): (H-K)0=0.15 (Lada et al 1994).  

NICE Revisited (NICER): Use J,H, and K color info (Lombardi & Alves 2001) 



Color	  indicates	  
.lattening	  is	  due	  to	  
Red	  Clump	  Giants	  



Origin of the Histogram Flattening 
TRILEGAL simulation of a disk break, with transition to an outer scalelength.  

Nearby 
dwarfs 

Red 
clump 
giants 
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The flattening of the observed histograms is due to a transition to an outer (shorter) 
scalelength. This indicates a “break” in the stellar volume density continuously from 

l=70-250o along the Galactic plane that occurs at R(galactocentric)=13.5-14.5 kpc.   
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Previous measurements of R br 
Robin et al (1992)      Dwarf stars/star counts      R=14 kpc               Four field  
Ruphy et al (1996)     Red giants/star counts       R=15 kpc               l=217o, 239o  
Freudenreich(1998)   IR light/param. model         R=12 kpc               All sky  
Reylé et al (2009)       2MASS star count model   R=14 kpc               All sky  
Sale et al (2010)          A stars                               R=13±0.5kpc         l=160-200o 

Minniti et al (2010)     Red clumps                      R=13.9±0.5kpc     11 fields 
Nidever et al (2012)   Red giant branch             R=12-15                 Midplane 
This talk, so far          Red clumps                      R=13.5-14.5           Midplane,  
                                                                                                              l= 80-240 o 
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Three-Dimensional Structure of Break 
Because the break 
can be seen in 
histograms of total 
star counts in 
2MASS K band, it 
can be mapped 
above and below 
the midplane!  

The warping of this 
surface qualitatively 
agrees with the HI 
warp. 

There  are some 
vexing compli-
cations that I am 
skipping for today. 
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Evidence for CO “break” at 
R=13.5 kpc needs modern 
confirmation  

        Scoville/Sanders (1987) 
        Wouterloot et al (1990)  
        Heyer et al (1998)  
        Snell et al (2002)  

Does the MW have a molecular break?  

Heyer	  et	  al	  
	  (1998)	  
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Spiral structure complicates local measurement of  Rbr(CO) 

Blue	  
points	  =	  
Molecular	  
clouds	  	  

Heyer	  et	  
al	  1998	  

Greyscale	  
is	  LAB	  HI	  
data	  	  
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The MW has an HI break. Guess where it is?!  
Kalberla & 
Kerp (2009) 

Kalberla & 
Dedes (2008) 

Levine et al  
(2006)  

Diplas & 
Savage 

1991 (with 
Henderson 
et al 1982) 

Wouterloot  
et al 1990 

(with Burton 
1985) 
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An Interlude 
It remains to be seen whether observed “break” is a surface density 
break.  I demonstrate a volume density break at low latitudes, but haven’t 
done high latitudes or characterized an outer scale length (yet).   
     Optical studies, e.g. have characterized the flaring disk, cf.  Lopez-
Corredoira & Molgo (2014) and/or satellites, cf. Slater et al (2014), but can’t do 
the midplane (where the stellar density is highest). Right now any claims 
that the MW has or does not have a surface density break are premature.  

But the HI break is known to 
be a break in surface 
density. The coincidence in 
radius with the stellar 
volume break raises 
questions:  

1.  Is this seen in other galaxies? 
2.  Do the models that generate exponential  stellar disks (and breaks) 

create gas breaks  in the same place?  
3.  What regulates the inner/outer scale-lengths for both components?   
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Star Formation Breaks 
Many, many models for regulation, but my favorite is “hydrostatic 

pressure” (Elmegreen & Parravano 1994) which seems to work pretty well in an 
extragalactic context (Wong & Blitz 2002, Blitz & Roslowsky 2006, Leroy et al 2008).     

Example:	  Solar	  neighborhood	  
ΣHI=10	  Mo/pc-‐2	  	  Σ*=40	  Mo/pc-‐2	  
c=130	  pc/300	  pc	  	  !	  	  (c/c+1)=0.30	  

This formula neglects (1) the contribution of  the thick warm ionized medium 
(c/c+1)=0.75 which provides more weight than you would guess from its 
surface density and (2) the contribution to Kz from dark matter. These and the 
(c/c+1) factor are constrained better in the MW than any other galaxy.   

p/k=	  67	  (	  0.30	  *	  400	  +	  0.5	  *	  100)	  cm-‐3	  K	  	  
	  	  	  	  	  	  	  =	  67	  	  (120	  +	  50)	  cm-‐3	  K	  
	  	  	  	  	  	  	  =	  	  11,000	  cm-‐3	  K	  [total,	  not	  thermal]	  
Compare	  to	  Cox	  (2005)	  ARAA,	  43,	  337	  	  

My version 
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Star Formation Breaks: A Prediction 
If you assume an exponential disk in gas (Rg) and in stars (R*):    

In the MW   
  • Interior to the break, the first term dominates and Rg~ ∞, so RSFR = R* 
  • At the break, it’s a close call which of the two terms dominates. 
  • But there is no shortage of data on HI, stars, molecular clouds, etc! 
  • What’s not nailed down yet: R* (inside/outside break), RCO (outside break) 
  • One curiosity:  No break in CNM / WNM out to R~20 kpc (Dickey et al 2009)     

Prediction:  The scale-length of star formation should either go as R 
(“reduced scalelength”) or (Rg/2) depending upon the surface densities of 
gas, stars, and their respective scaleheights. (I may revise this prediction 
based on testing against the MW data.) Has this been suggested before?   

_	  
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SFR in the MW: A Rapidly Moving Target 

Slide courtesy T. Dame.  

Radial characterization of SFR of the MW has been done for decades, but 
not with current debates in mind and without many new known sources.  
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WISE	  HII	  region	  catalog:	  	  8398	  objects	  

Red	  MSX	  Survey:	  4651	  objects	  	  
5106	  objects	  	  

Milky	  Way	  Project	  
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Using the break to select a new MW Analog 

Munoz-
Mateos et 
al (2013) 

M109 

Munoz-
Mateos 
(priv comm) 
Erwin  
(priv comm) 

MW stellar mass  
(6.43±0.63) x 1010 Mo 
McMillan (2011)  
Rbar=4.4±0.4 kpc          
Benjamin et al (2005)  
Rbr=13.5±1 kpc  
(this presentation)  
             Rbr/Rbar=3.1±0.2 

MW 



The Final Six Contestants 

Thanks to Andrew Schechtman-Rook for generating the cutouts 

The Winner? 

NGC 3953 
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Summary  

I predict that depending on the relative surface densities of gas and stars 
at the break point, that the surface density of SFR tracers should go as 
either the reduced radius R= RgR*/(Rg+R*) or Rg/2. I’m testing this in the 
MW, where we can study all the microphysics and non-axisymmetries.   

GLIMPSE confirms that the Galaxy has a stellar volume density break, 
at the distance previously claimed. Rbr=13.5-14.5 kpc, but now one can 
map this break in 3D!  The stellar break is coincident with the HI in the 
Galaxy, discovered independently. A stars also show a break with inner/
outer scalelength of 3.0/1.2 kpc (Sale et al  2010).  What is the outer 
scale length for the molecular gas/SFR and red giants? What do we 
learn about breaks  in general?   

We use Rbr/Rbar and M[3.6] to propose 
a new MW analog: NGC 3953. If the 
MW truly resembles this galaxy, it 
would explain a lot about the history of 
spiral structure and raises the question: 
Is the MW ringed? 
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The Mystery of the Galactic Stellar Scalelength 
Reviews by Robin (1992): Rd=3.5-4.5 kpc /Sackett (1997): Rd=2.5-3.0 kpc  
Optical data (solar nbhd):   

 2.5 kpc  Robin et al 1996  Besancon   
 3.2 kpc  Larsen 1996   APS-POSS  
 4.0 kpc  Buser et al. 1999  Basel Halo program  
 2.7 kpc  Zheng et al 2001  HST obs of M dwarfs    
 2.3 kpc  Siegel et al 2002  Kapteyn Selected Area stars 
 2.6 kpc  Juric et al 2008   SDSS  

Infrared data:  
 2.5 kpc  Freudenreich 1998  COBE/DIRBE 
 2.3 kpc  Drimmel & Spergel 2001COBE/DIRBE 
 2.3 kpc Ruphy et al 1996  DENIS, l=217o, 239o  
 2.0 kpc Reylé et al 2009  2MASS, l=90-270o 
 2.0 kpc Lopez-Corredoira 2002    2MASS, l=45-315o, starcount,RG 
 2.4 kpc “    Scalength of surface density 
 3.9 kpc  Benjamin et al 2005  GLIMPSE, |l|=30-60o 

Complications of vertical structure, stellar breaks and outer disks,  thin/thick 
disk, and wavelength dependence for populations/extinction.  


