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Highly Excited Molecular Hydrogen in Herbig-Haro 7
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HH 7



The last time Hans and I collaborated  (data from 1986!!)

Conclusion: Near the (high speed) tips of the jets, the  observed H2 must be in gas that
is already entrained in the jet, otherwise it would be collisionally dissociated by the shock.



London et al. (1977)

Following the 1976 discovery of bright H2
By Gautier et al., line emission in OMC-1, in 1977 three 
theoretical papers modelled the emission 
as the cooling of ambient molecular cloud 
material that had been suddenly heated 
by a  jump-shock due to the impact of a 
protostellar wind.

All three models found that H2 is fully
dissociated by J-shocks with velocities
> 20-24 km/s.
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But the H2 lines were soon
found to be >>24 km/s wide.

FWZI~150 km/s

Inconsistent with  
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Draine & Roberge (1982)

Observer

C-shocks (with magnetic precursors):
Realistic clouds have B-fields and are slightly ionized
Ions stream ahead of neutrals, gradually accelerating

the cloud before the neutral wind arrives.
Heating is much less extreme; little H2 dissociated

38 km/s shock
produces observed line intensities

Draine & Roberge (1982)



BUT:
Lines from highly excited levels 

(20,000-25,000 K) are much stronger than 
predicted by C-shock models.

Relative line intensities closely match cooling 
curves for gas excited by J-shocks. 

However, J-shocks at these velocities 
dissociate all H2.

What is the cause of this conflict?

Is it due to  superposition of C-shocks
with different maximum temperatures

in the 5” aperture?

Brand et al. (1988)
Brand et al. (1988)

25,000 K

UKIRT
CGS2



NIFS f.o.v.

Two decades later: 
Use 8m telescope and high angular resolution (0.3”) 

to look for spatial variations in line ratios.   

HH7: an ideal test case
• High speed jet
• Simple geometry (classic bow shock)
• Strong H2 line emission
• Nearby

H2 1-0 S(1) 2.12µm image
Khanzadyan et al. (2003) 



150X

Pike et al. (2016)

150X magnification



NOTE: H2 ground state dissociation energy  ~ 51,000 K

HH7 LINE FLUXES (0.6” x 0.9” aperture) 



T1
T2

98.5% of H2 in LTE at T ~ 1800 K
(consistent with C-shock)

1.5% of H2 in LTE at T ~ 5200 K !!

Pike et al. (2016)



What is the origin of the 5200 K H2 ?

1.  UV fluorescence (common in clouds irradiated by hot stars),
but non-thermal population distribution with Tvib >> Trot not observed.

2.  H2 heated by ionization created by high speed (>50 km/s) shock,
but no hydrogen recombination lines (e.g., Br ɣ) detected in HH7

3.  Emission from newly formed H2 (“formation pumping”):
- Newly formed H2 ejected from grain in highly excited states 
- E= 4.5 eV – grain surface potential ~ a few eV, 

(unknown distribution between v and J states)
- 5000 K = 0.45eV, so no energy problem.

But why would a single temperature describe this hot H2, which one 
expects would cool rapidly?

???



Is this high temperature H2 component
present in shocked gas elsewhere? 

Orion “bullets”/”fingers”
Bally et al. (2014)
Gemini S / GSAOI



Geballe et al. (2017)

Use Gemini/GNIRS in long-slit mode 
to sample a wide range of shocks in OMC-1 

S(1) line intensity
vs. slit position Contaminated by lines from ionized nebula and scattered line emission from BN,

so fewer very high excitation (weak) lines are clearly seen.



H2 population distributions similar to HH7
Highest pct of 5000 K (3%) gas found at tip of finger (118-117)

Geballe et al. (2017



One mystery solved:
(C-shocks can accout for almost all of the 
line emission from H2 in high speed shocks)

One new mystery to solve:
What is the origin of the 5000 K H2 ?


