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Jets and shocks are observed associated w1th young stars of all masses, during their earliest phases of

lop While the . his isms are not well d (it is unclear whether the
launching point is inside the disk or closer to the pole of the central protostar), protostars need to launch
such jets to rid themselves of excess angular momentum that would otherwise cause the system to fly
apart.

Herbig Haro objects are small optical emission nebulae that signify the interaction between both broad
and collimated flows from young stellar objects and the ambient molecular cloud material. GGD37 is
suspected to be an amalgamation of at least two superposed flows (including HH 168) traveling in
different directions on the sky. Weaker shocks (less than ~ 10000 K) excite the molecular hydrogen into
pure ional states d ble at IRS gths, while strong shocks completely destroy the
molecules and illuminate the ions, in particular several transitions of [Fe II]. The Infrared Spectrograph
on board Spitzer has enabled us to gather spatial information on a number of higher excitation species,
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Where is the Driving Source for HH 168?

Joel D. Green (University of Rochester), David A. Neufeld (Johns Hopkins University), Dan

GGD37 brings several new chemical
species into the mix. Neufeld et al
(2006) did not detect higher
excitation lines such as [Ne I}, but
the outflow in GGD37 appears to be

re energetic. Even more energetic
lines such as [OIV] and possibly
[NeV] appear in the spectra (left);
normally these excitation lines are
restricted to photo-ionization regions
such as AGN and supernova
remnants.

SPECh'al MaPng with SPItZEI‘-IRS and place greater constraints on the flows, allowing us to separate the chemically. How does the
instability of driving sources of Herbig Haro jets affect their surrounding medium, ie. What is the
momentum injection rate by the flow into the medium? By studying pre- and post-shock gas, we can
determine whether outflows from young stars have greater clumping or dispersive effects on their
environment. Do outflows trigger or supp star in the d? And finally, new
observations from the IRS open up the question: exactly where is the protostar that is driving HH 168? e e -
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GGD 37 in Context
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GGD 37 is a collection of Herbig-Haro objects also indicating that we are esolving the B
referred to a Cep A West. Cep A East (shown on the S o w
pos images even wi of left end of the figure) contains an embedded IR and
i the sky will produce an i avelength; ma« is, a three- radio source in its own core. The relationship
ontaining y pe RA, dec, and between Cep A East and West is clearest in CO (blue

and red contours, representing blue and red-shifted
emission) . The location where the red and blue-

: pixels a s shifted CO emission switches, in the middle of GGD
pae o ko the s y/andlthi W”"'.'el"m pedpialiiisedpoat) o 37, is also an interesting region in the mid-IR.

Er P ons i e Spectral Diagnostics for Momentum Injection Rate
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Density, temperature, ortho-to-para
ratio of the shocked gas

H, emission indicates the passage of a weaker shock. Molecular hydrogen survives a C-
shock but is dissociated by a J-type shock. Shock excitation of H, in this case may
indicate a magnetic or radiative precursor to a more powerful J-type shock. The
molecular emission peaks generally to the west of the ionic lines; the precursor lights up.
the cloud ahead of the jet and dissociates the molecules only upon contact with the full
force of the J-type shock. Note that the hydrogen is almost evacuated where the
dissociative shock has passed.

Spectra from the two most energetic regions of
the map: the region near the radio source W2
(above), and a region just at the edge of the [Fe
fine structure emission, but well inside the
‘molecular hydrogen flow, roughly coinciding.
with the transition region between the blue-
and red-shifted CO outflows (below).

Grotrian diagram of detected [Fell]
transitions (figure from Neufeld et al.
2006)
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Using a principal component analysis fit to the maps of
each spectral line, we determined the principal axis of flow
in each case. The results are plotted (right). The clear
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w\mn upper b on T Ay trend confirms our suspicions that the fine structure
and O abandance,
| e emission is predominantly flowing in a different direction
e G spectes i

than the (lower excitation) molecular hydrogen emission.
The SE-NW flow is clearly more energetic than the W-E
flow, indicating they may originate from different sources.

numerous species of water:
| ‘We have unprecedented
abilty to characterize thi
aspect of the shock using the
HITRAN database of

molecularlnes.

H O — The region of GGD 37
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Mo sources in the SE corner.
= and They have been observed in
with many additiona lines) [Fell] 1.644 um by Raines
ac 1333 (2000) to display proper
B B rad ot vloiics o - 0
T shock. ) km/s (see above).




