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• Much of the Galactic H I seems organized 
into discrete structures which are isolated in 
position and velocity: clouds 

• This H I is kinematically ‘well behaved’, its 
velocity arises mainly from Galactic rotation. 

• H I emission is seen to at least 10º from the 
plane over the same velocity range as is 
found in the disk 

• Discovered by Jay Lockman in 2002  
first clouds of this kind were detected by Whitney 
Shane in 1960s with the Dwingeloo dish (Prata 1964, 
Simonson 1971) 

• Stil et al. ApJ 637, 366 (2006) have shown 
that they are ubiquitous even in the Galactic 
plane 

• Kalberla & Kerp in their review of Galactic 
HI, ARA&A 47, 27 (2009) dedicate a section 
to “halo clumps” 

Lockman & Pidopryhora,  
ASP Conference Series, 331, 59, 2005. 



These clouds are Galactic objects 
• Best seen a few o above and below the disk, they 

are also quite common IN the disk. 
•  They populate disk and lower halo at b ≤ 10o and 

follow the Galactic rotation, with a cloud-cloud 
velocity dispersion σcc ≈ 16 km s-1   
(Lockman 2002, Ford et al. 2008, 2010) 

• Their linear sizes are ~1-100 pc,  
                      masses ~10-103 M  
and as far as we know they are of pure H I 

• Please do not confuse them with other types of 
clouds (high/intermediate velocity, giant 
molecular etc.) 
 



H I, integrated over 3 km s-1 near 95 km s-1 
 (GBT survey, 2004-2005 by Pidopryhora & Lockman) 

These clouds are excellent objects for wide single dish surveys: 

• Stanimirovic et al. ApJ 
653, 1210 (2006) 

• Ford et al. ApJ 688, 290 
(2008) 

• Dedes, PhD Thesis 
(2008) 

• Begum et al. ApJ 722, 
395 (2010) 

and others have studied 
hundreds of such clouds 
with single dishes:  
GBT, Parkes, Arecibo, 
Effelsberg.  



100 pc long, 700 pc below the 
Galactic plane. 

Individual clouds have identical 
LSR velocities to within 2 km/s 

Total H I mass: 1350 M 
    ~70 % clouds 
    ~30 % diffuse envelope 

Individual clouds: 
   350, 170 and 410 M  
   left to right 

Small cloud: 70 M 

    < 20 pc (unresolved). 

But to understand the structure, underlying physics and origins of these 
clouds one needs to achieve higher resolutions than ~9 arcmin of the 
largest single dishes. 

Lockman & Pidopryhora,  
ASP Conference Series, 331, 59, 2005. 



…thus we observed ~20 of these clouds located close to tangent 
points with the VLA D, C and B array, complemented by the GBT 
providing the short spacing information 





Targets of the 
survey were 
chosen close to the 
tangent points, i. e. 
with velocity 
preferably higher 
than the terminal 
velocity for the 
given longitude. 
This allowed to 
estimate the 
distance. 
 



Ophiuchus Spb Basic Facts: 

Distance ~ 7 kpc 

Height  ~ 3 kpc 

HI mass 

   total  ~ 106 M   

   in the “Plume”~ 3 x 104 M 

Potential Energy   ≥ 1052 erg 

Ionization Rate ~ 1050 phot/s 

HII mass total ~ 106 M   
 

Superbubble Model: 

Age  ~10-30 Myrs 

Thermal Energy   ≤ 1053-54 erg 

Pidopryhora, Lockman & Shields  
ApJ 656, 928 (2007) 

The superbubble connection: 



G44.8-7.0, R ≈ 6.0 kpc, z ≈  -740 pc 
Tb = 6.8 ± 0.4 K,  VLSR = 93.4 ± 0.1 km s-1 , 
FWHM = 6.1 ± 0.4 km s-1 

Tb = 2.3 ± 0.3 K,  VLSR = 99.4 ± 1.1 km s-1 , 
FWHM = 18.6 ± 1.5 km s-1 
NH I =  1.7 x 1020 cm-2 



contour at 5.5 x 1019  
62 x 41 pc 
M = 840 M 
 

contour at 3.1 x 1019  
122 x 85 pc 
M = 2560 M 
 core contour at 1.2 x 1020  

15 x 7 pc 
M = 54 M  
n ~ 4 cm-3 



G26.9-6.3, R ≈ 3.9 kpc, z ≈  -840 pc 
Tb = 13.0 ± 0.4 K,  VLSR = 120.3 ± 0.1 km s-1 , 
FWHM = 3.0 ± 0.1 km s-1 

Tb = 5.2 ± 0.3 K,  VLSR = 124.1 ± 0.3 km s-1 , 
FWHM = 14.5 ± 0.6 km s-1 
NH I =  2.2 x 1020 cm-2 



contour at 5.3 x 1019  
66 x 32 pc 
M = 600 M 
 

contour at 1.1 x 1019  
151 x 85 pc 
M = 1570 M 
 core contour at 1.3 x 1020  

10 x 7 pc 
M = 54 M  
n ~ 7 cm-3 















G26.9-6.3, R ≈ 2.3 kpc, z ≈  +430 pc 
Tb = 12.3 ± 0.3 K,  VLSR = 143.6 ± 0.1 km s-1 , 
FWHM = 4.7 ± 0.1 km s-1 

NH I =  1.2 x 1020 cm-2 

16 x 10 pc 
M = 45 M  
n ~ 1.7 cm-3 



Next step: GASKAP and GAMES surveys 

figure courtesy of N. McClure-Griffiths 



background figure from Dickey et al. PASA 30, 3 (2013) 

GASKAP compared with our VLA+GBT survey 

+ 

+ 



Discussion 

• Morphology of the clouds is very complex and difficult to 
interpret 

• Their confinement mechanism is as enigmatic as ever 
• As for their origin, we only vaguely understand that it is related 

to superbubbles 
• We see both evidence of warm+cold two-phase system and of 

complex relative motion of cold “subcloudlets” 
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