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Feedback:   As stellar mass grows ….   
     Outflows               (M*  <  8 Mo)           Inject 
     Non-ionizing UV   (M*  >  3 Mo             “scalar momentum”  
     Ionizing UV           (M*  >  8 Mo)           into core, ISM, … 
                   As stars age  …. 
     winds, SN     (main sequence, post-main-sequence) 
                “super-bubbles” => “super-shells” => “super-rings”  

Destructive:  (negative feedback) 
      Fast shocks,  “excessive” heating,  
      positive (“spreading”) shock curvature 

Compressive: (positive feedback) 
      Slow shocks, negative (“compressive”) curvature 
      Spreading Velocity < Vescape  



Feedback:   Does ionizing UV stop growth?   

      Spherical accretion: 
                Trapped I-fronts:   RStromgren < RG = GM/cII

2 

                  Ionization does NOT halt growth  (Keto 03) 

      Disk Accretion:   
                 Disk photo-abblation < Accretion onto star.  

                 Ionization does NOT halt growth  

      As M grows, eventually,   RStromgren > RG  

                HII region “blow-out” …. Disrupt core. 





“Collect &  Collapse”  - super-bubbles => super-rings 

t ~ 5 Myr 

t ~ 10 Myr 

t ~ 20 Myr 

t ~ 40 Myr 

t ~ 60 Myr 



M33 HI M51 (visual)  

Super-bubbles,     super-rings 



Gravitational instability: 

                        Escape speed > Velocity spread 

                                Vesc > σ  

                            GM / r > σ2 
                                              M = (4/3) π ρ r3 
                 (4/3) π G ρ r2 > σ2                           

                                                                    Let   Σ = ρ r,      κ = σ  / r  

      Q’ =  (4/3) π G Σ / κ σ    > 1    (similar to Toomre Q) 



Bob Benjamin / Robert Hurt IPAC/SSC 

η Car,  d=2.2 kpc 

W3, d =2.0 kpc 

Orion,  d=0.4 kpc 



< 10 Myr bubbles 

30 - 50 Myr old 
Gould's Belt /Lindblad Ring 

Sun 

500 pc 

de Zeeauw et al.  1999. 

Solar Vicinity 



Infrared view of winter sky  (10 - 120 µm) 

The Orion Region  



The Orion Region (Hα)  



21 cm ΗΙ                (Brown et al 94)           





Dust 

HI (21 cm) 



The Orion/Eridanus Bubble (Hα):  d=180 to 450pc;     l > 300 pc   
Orion OB1 Association:  ~ 40  > 8 M stars:       ~ 20 SN in 10 Myr 

1a (8 - 12 Myr; d ~ 350 pc)) 

1b (3 - 8 Myr; d ~ 400 pc) 

1c (2 - 6 Myr;  d ~ 400 pc) 

1d (<2 Myr;  d ~ 420 pc) 

λ Ori (< 6 Myr) 

Barnards's Loop Eridanus Loop 



α Ori:  20 km/s 
D = 136 - 260 pc 

β Ori: 
D = 236 pc 





The Carina Region (Spitzer/IRAC : Nathan Smith)  



η Carinae Nebula: 
Trumpler 14 region 

Pillars with jets 

Tr 14 cluster 
(< 3 Myr) 



Trumpler 14 

Dark globule: 
 faces η Car 

Jet ? 



Twin jets from 
YSOs in 
Pillars near Tr 14 



W3 main 

W4 

W5 

The W3, W4, W4 Region (d = 1.95+/- 0.04 kpc)  



W4 & W3 



Bolocam 1.1 mm: 1 square degree near W3 

W3 main 

W3(OH) 

AFGL 333 



W5  IRAS 02497+6018 
(Xavier Koenig PhD, Koenig et al. 2008) 



W5 Spitzer Class I, Class I/II, Class II YSOs 
    (Xavier Koenig PhD, Koenig et al. 2008) 



W5 Spitzer YSOs 
       8 µm 
    (Xavier Koenig PhD,  
     Koenig et al. 2008) 



CO J=3-2 integrated intensity  W5  
(Adam Ginsburg & Jonathan Williams,  JCMT:   Dec 07) 



W5  (Spitzer 24 µm; 

(Koenig et al. 2008)er 
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Microjet  (Hα) 



2’ 

Microjet  (Hα) 



[SII] [NII] [NII] Hα Microjet 



North South 

2’ 

“Fish”  North 
Bow shocks  (Hα) 



North South 

2’ 

“Fish”  North 
Bow shocks 



[SII] [NII] [NII] 
Hα 

“Fish 
“Fish”  North 
Bow shocks 

V ~ +50 km/s 

V ~ +80 km/s 
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Per OB1,  h & χ Per 

 O, B, & supergiants 

    d = 2.35+/-0.05 kpc  
    t = 10 - 20 Myr 
(Lee & Lim 08; Slesnick+ 02) 

Stars (Garmany &Stencel 92) 

HI (Capps & Herbstmeier 00) 



Sun 

Spiral Arm 
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Swing Amplification 
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Sun 







The End 


