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Projected 45pc from the Galactic Centre 
 
Cold dust temperature: ~18 – 30 K 
 
Dense: 2 x 104 – 6 x 105 cm-3 

 
High mass: 0.8 – 7 x105 Msun 
 
Geometric mean radius: 2.8 pc 
 
Peak column density: 4.4 x 1023 cm-2  (H2) 
 
Linewidths ~ 5 – 20 km/s 
 
(Lis+1994, Lis & Menten+1998, Lis+2001, 
Longmore+2012, Immer+2012, this work) 
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Figure 1. Continuum images toward G0.253+0.016. The images are 14 pc on a side for the distance of 8.4 kpc. Left to right: GLIMPSE (Benjamin et al. 2003) three
color (3.6, 4.5, and 8 µm), Herschel 70 µm (Molinari et al. 2011), SCUBA/JCMT 450 µm (Di Francesco et al. 2008). The cloud G0.253+0.016 is seen as an extinction
feature in the mid-IR to far-IR but is a strong emitter in the submillimeter/millimeter. As such it must be both cold and dense and sit in front of the majority of the
diffuse Galactic mid-IR background emission.
(A color version of this figure is available in the online journal.)

Table 1
Summary of Observational Survey Data Used in This Work

Survey/Archive Telescope λ Continuum/Line θ Reference
(s) (s)

UKIDSS UKIRT 1.2, 1.6, 2.2 µm Continuum <1′′ Lawrence et al. (2007)
GLIMPSE Spitzer 3.6, 4.5, 5.6, 8.0 µm Continuum 2′′ Benjamin et al. (2003)
HiGAL Herschel 70, 160, 250, 350, 500 µm Continuum 5′′–36′′ Molinari et al. (2010b, 2011)
SCUBA Archive JCMT 450, 850 µm Continuum 8′′ Di Francesco et al. (2008)
MALT90 Mopra 3 mm Line 35′′ Jackson et al. (2011), Foster et al. (2011)
HOPS Mopra 12 mm Line 2′ Walsh et al. (2008, 2011)
MMB Parkes and ATCA 3 cm Line ∼1′′ Caswell et al. (2010)

(see Section 2.2) to investigate the near-IR extinction toward
G0.253 + 0.016. We downloaded the infrared sources in a 15′ ×
15′ region centered on G0.253 + 0.016 from the UKIDSS data
base, which allowed for a direct and coherent comparison of the
cloud and off-cloud properties. The comparison of on- and off-
source Ks versus (H − Ks) color–magnitude diagrams (CMDs)
showed that there are far fewer very red stars in the direction
of G0.253 + 0.016 than in any of the off-source diagrams, with
a clear and maintained deficit in the number of red stars well
established by (H − Ks) = 1.7 ± 0.2 mag (see the top panel
of Figure 2).19 This is equally clearly seen when comparing
the NACO data for G0.253 + 0.016 with a similar field of view,
albeit shallower, NACO observations toward the Galactic center
by Schödel et al. (2010): Figure 2 shows the Ks versus (H −Ks)
CMD and the histogram of (H − Ks) colors for that Galactic
center field and for G0.253 + 0.016. Toward the Galactic center,
the red giant branch bump feature is clearly seen extending to
(H −Ks) ∼ 2.6 mag, after which it is effected by completeness
limits. However, despite being ∼2 mag deeper, the number of
sources toward G0.253 + 0.016 drops rapidly above an (H −Ks)
of ∼1.7 mag, clearly showing that the extinction is produced by
a sharp increase in dust density as expected from a dense cloud,
as opposed to being produced by several low-density clouds
along the line of sight which would be seen as a much more
gradual decrease in the number of red stars.

We used the NACO data and Equation (2) of Nishiyama
et al. (2006) to estimate the distance to the cloud, using the

19 It should be noted that across the UKIDSS field examined there is also
considerable variation in the foreground extinction, not surprising in a field so
close to the Galactic center direction.

red clump (RC) stars around Ks ∼ 15 mag. We assume an
absolute magnitude for the RC stars of MK = −1.54 mag,20 a
population correction ∆MK = −0.07, and the extinction law of
Schödel et al. (2010) for the Galactic center (Aλ ∝ λ−2.21). The
distance modulus is then given by DM = K − MKs

+ ∆MK ,
where K is the observed, de-reddened K magnitude. We are
looking for the distance to the near side of the cloud, so we
used (H − Ks) = 1.7 mag to determine the extinction, since
this is the color where we start to lose stars with respect to
the Galactic center of Schödel et al. (2010) (see Figure 2,
right-hand panel). Using the aforementioned extinction law,
we derive AKs

= 2.13 mag for an effective wavelength of
2.168 µm, which, when applied to the observed magnitude of
the RC stars (KS,obs = 15 ± 0.3 mag), yields a de-reddened
Ks = 12.87 ± 0.3 mag or K = 12.86 ± 0.3 considering
the difference between Ks and K (Nishiyama et al. 2006). The
distance modulus is then DM = 14.34 ± 0.3, translating into
a distance of 7.4 ± 1.0 kpc and independently placing it just
in the foreground of the Galactic center. The greatest source of
uncertainty in this analysis is undoubtedly the extinction law,
and we note that a difference of only 10% in the exponent of
the extinction law in particular translates into an approximately
10% change in the derived distance.

In summary, based on the UKIDSS and NACO data we
conclude that we have undoubtedly detected the extinction
caused by G0.253 + 0.016 and that this is a single physical entity
(as opposed to multiple clouds separated by large distances

20 We adopt the Schödel et al. (2010) value of MK = −1.54 rather than that of
Mk = −1.59 in Nishiyama et al. (2006) as we are directly comparing our data
to the former.
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Schödel et al. (2010) for the Galactic center (Aλ ∝ λ−2.21). The
distance modulus is then given by DM = K − MKs

+ ∆MK ,
where K is the observed, de-reddened K magnitude. We are
looking for the distance to the near side of the cloud, so we
used (H − Ks) = 1.7 mag to determine the extinction, since
this is the color where we start to lose stars with respect to
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SCUBA 450μm 

Spitzer IRAC 

However… minimal 
evidence for ongoing 

star formation 

The Galactic Centre Infrared Dark 
Cloud G0.253+0.016  



SMA and IRAM 30m Observations 

ν ~ 218.9 and 230.9 GHz (1.3 and 1.37mm) 
Angular resolution ~4 x 3” (~0.15 pc) 
Spectral resolution: 1.1 kms−1  
Line and Continuum observations 

ν ~ 217.3 and 233.0 GHz  
Angular resolution ~12” (~0.5 pc) 
Spectral resolution: 0.3 kms−1  
Line observations 



The density structure of  G0.253+0.016  

SMA 230.9 GHz or 1.3mm 
dust continuum emission  

Combined SMA and scaled 
SCUBA 450 μm dust emission 

36 cores 
25 - 250 Msun 



Column density PDF 

PDF has no power-law tail  
No indication of gravitational collapse or star formation 



Is there a density threshold for star 
formation which applies to all clouds? 
   

(e.g. Lada+2010, Heiderman+2010) 
 

Column density threshold for 
star formation 



Column density threshold for 
star formation 

Is there a density threshold for star 
formation which applies to all clouds? 
   

(e.g. Lada+2010, Heiderman+2010) 
 
G0.253+0.016 should produce ~40 YSOs 
with >15 Msun which are not observed 
  

(see Kauffmann+2013)	


	





Can turbulence explain SFR~0? 

For a bound cloud or core with radius R: 
    

 Nth ∝ Mvir/R2 ∝ σv
2 

Virial Mass:	
  



14 km/s 

2.5 km/s 

Scaled threshold column density by ratio of  σv 
2: 

N’th = 0.75 g cm-2
  

But still expect 10 YSOs >15 Msun! 

Can turbulence explain SFR~0? 



14 km/s 

2.5 km/s 

Scaled threshold column density by ratio of  σv 
2: 

N’th = 0.75 g cm-2
  

But still expect 10 YSOs >15 Msun! 

Can turbulence explain SFR~0? 

Other aspects… background/average density, evolution?  



SMA Detected Lines 

Detected lines:  
SiO, CH3OH, HNCO, SO – Shock tracers 
12CO, 13CO, C18O – Diffuse gas tracers 
H2CO – Dense gas tracer, temperature probe 



Temperature from H2CO 
Ratio between integrated flux: 
H2CO 303 → 202 / 321 → 220 

N(H2) ~ 1023 cm-2   X(H2CO) ~ 10-9 

(see Mills & Morris 2013 and 
Rodriguez-Fernandez+2001) 

Average line ratio : 1.4 
Corresponding to: TK > 320 K 

n ~ 104 - 105 cm-3      T ~ 100s of K 
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IRAM 30m 12CO  

Evidence for Cloud Collisions 

Dec - velocity Plane of  Sky 

G0.253+0.016 
70 km/s cloud 

Large velocity gradient over 30km/s 

Black: CH3OH 
  

Green: 13CO 



70 km/s cloud 

IRAM 30m 12CO  

Evidence for Cloud Collisions 

Dec - velocity Plane of  Sky 

G0.253+0.016 
70 km/s cloud 

Large velocity gradient over 30km/s 

Black: CH3OH 
  

Green: 13CO 



Evidence for Cloud Collisions 

Plane of  Sky 

Anathpindika+2011 
Are super star clusters formed 

by cloud collisions? 
(Fukui+ 2013, Higuchi+2014) 

 

Black: CH3OH 
  

Green: 13CO 


