
Star formation

Compact HII regions



Radiative impact

Ionization of surroundings:

● compact/ultracompact/hypercompact HII regions

Tieftrunk et al. (1997)



Radiative impact

Ionization balance:

● Consider star with T* in medium with density n
H

● νT – ionization threshold (912Å = 13.6 eV)

● N
ν
 – photon density: J(ν)/hν

● n
e
 = n

p
 – electron/proton density

● β
A
 – recombination coeff.: 

● αH(ν) – ionization cross section



Radiative impact

αH(ν) – ionization cross section

● Peaking at νT

● ~ ν-3



Number of UV photons with ν > ν
T
 determines the size of the ionized region

Strömgren radius:

Strömgren sphere



If more material is replenished by accretion than re-ionized, the HII
region will be suffocated

Mass infall rate:

µmH – mean atomic weight

→ one would expect bipolar HII regions

→ hardly observed

→ HII regions form on scales where the infall is still isotropic

Quenched HII regions

Papillon nebula



So far steady-state computation

● Justified only if dynamical timescale τdyn 

              >>  recombination timescale τrec 

●  τrec ~ 100a for n=105 cm-3  → massive star switch-on is faster

→ initial size of HII region determined by total number of Lyman photons 
produced so far:

neglecting all recombination, i.e. for t < τrec 

→ formation of hypercomapct/ultracompact HII regions 

Ultracompact HII regions



Hypercomapct/ultracompact HII regions
● Lasts only ~ 100a 

Ultracompact HII regions



Include recombination:

● Asymptotic approach
to R

S

● Steady-state reached
after ~ 4 τrec 
● Initial expansion 
velocity > 1000km/s
>> c

S

→ strong shock
driven through
envelope

Ultracompact HII regions



Interaction of infall 
and radiation:

Global picture

Cloud with M > M
J

Inside-out collapse: 106a

Protostellar core

Central collapse: 105a

Cocoon star

    M < 3M
⊙
: 107a

    T Tau star

M > 3M
⊙
: 106a

BN object with HII 
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