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* Outflows, outflows, outflows
* Disks (SEDs)
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Remember Qutflows? .
Qu,;“u
. Outﬂows and jets are ubiquitous and necessary in star Outflows in T @ @5’-&5 il
formation. . : : g
* They transport angular momentum away from protostar. Orion: ImpaCtS? = e Oo ool A
* The are likely formed by magneto-centrifugal disk-winds. : @ : &5® ; ;
« Collimation is caused by Lorentz forces. s

* QGas entrainment can be due to various processes: turbulent
entrainment, bow-shocks, wide-angle winds, etc...

» They inject significant amounts of energy in the ISM, may be
important to maintain turbulence.

» They disrupt their maternal clouds, eventually.
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Jet Entrainment in HH211
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* Nicely seen in both
H, and molecules.
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* Panels show gas at
2 different velocity
ranges: low (top)
and high (bottom)
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» Warmer gas closer to source
e QGueth et al. 1999

* Jet-like SiO emission
@ always at larger velocities
than CO at the same
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General Outflow Properties
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» Jet velocities 100-500 km/s < Outflow velocities 10-50 km/s 0 _: - % @
+ Estimated dynamical ages between 10° and 10° years ol 1 1 1 ]
» Sizes between 0.1 and 1 pc mo . .
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How are stars and planets made?
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Collapsing Cloud Collapsing Cloud
+ Star + Disk + Star + Disk
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Collapsing Cloud
+ Star + Disk
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Star + Disk
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Multi-Color Blackbody Disk SED§¥

Let’s play with a simple perfect blackbody disk (no dust properties)

- 1, = B,(T(r)

Take an annulus of radius 7 and width dr covers a solid angle:

2rrdr .
2= P and flux is: F,=1,dQ
Total flux observed is then:
27C0SI [ rou
F= | ™ B(T() rdr
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Multi-Color Blackbody Disk SED£¥

multi-color

region
VF,
Wien
region Rayleigh-
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Multi-Color Blackbody Disk SED 3

Rayleigh-Jeans region: vE v(4a-2)iq

v

Slope is the Planck function:

VF, oc v

Multi-color region:

Assume a temperature profile of disk:
T(ryocr ! —— rocT "4

Emitting surface: Socrdrocr® oT?4 oy

Peak energy Planck: max(VB,)cT* o

Location of peak Planck: vocT

— VF, cSmax(vB,) oc vyt = My F ooyt

Disk with finite optical depth

vF

v

v(4a-2)/q

Multi-color part stays roughly
the same, because of energy
conservation

V3P

A
Rayleigh-Jeans part modified by slope of opacity. Suppose that
this slope is:

B
K, CV

Then the observed intensity and flux become:
IV(I"):(I—QTV)BV ~ TVBV OCKVBV

‘VF cx vB oy’
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