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observational properties

physics of shocks — spectral tracers — diagnostic techniques

results from optical/NIR spectral diagnostics

results from a jet tomography in velocity space
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SHOCK cooling region: NOT resolved in observations!

To “resolve” shock cooling regions -> use of different tracers!!

TIONIZATION FRACTION Xe:

-> grid of shock models
-> model independent

Physical parameters ALONG the jet:

Physical parameters ACROSS the jet:

Jet width 100-200 AU -> NOT resolved in obs from the ground!
-> HST data of DG Tau, 7 slits along the jet covering 0.5”
-> HST slitless obs of HH 30 (2” slit — jet width<<0.5”)
-> HST obs with slit perp to the jet axis (0.1 x 52”)

Physical parameters vs VELOCITY:

-> OASIS obs of DG Tau (0.57=70 AU, 90 km/s)
-> VLT/ISAAC obs of HH1, HH34 (0.3” x 120 slit)
-> HST obs with slit perp to the jet axis (0.1 x 52”7)
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Physical structure of jets

along the jet
in each cooling region by using different tracers
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e sample: HH 111, HH 34, HH 73, HH 83, HH 24 C/E
e spectral range: 6015 A —2.5 um

e slit: 17”x290” 2> R ~ 600 Av ~500 Km/s
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Intensity

Opt/NIR diagn: physical structure of HH 111, HH 34
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MASS FLUX RATE = M,
regulates the jet DYNAMICS !

Regione di
accelerazione

Getto collimato
. del getto

\
Stella in
formazione

Disco di
accrescimento

m"l,:.vr‘]‘i IM,:. yr! l.-_rns‘]‘r qu.w.rr‘] l:ms‘]‘r (Mg yr! Lms‘]‘r

025-10 :—::—:m-T 501{}'“ 591{1‘5 1.3 1077 131{:“5
311 0.15 -0.35 1.11077 3910°® 231077 0.8 10°° 1.2 1077

213 0.8
425 0.6



MASS FLUX
HH 111

E FGah HNJ K1 L W N @ . ® from 11, and r, 4 from H,

® from [SII] annd [OI] * frorm [Fell]

Mgy )

log dM ./ dt

distanse from source (arcsec)

HH 34 10 15
F oo distance from VLA 1 (arcsec)

o
€\3

10 15 20
distonce from source (arcsec)

e
=1

HH 83

20 30 40
distance from source (orcsec)




Physical structure of jets
along the jet
in different velocity bins
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[SIT]A 6731
[SIT]A 6716

[NII]A 6583
Ha 6565
[NII]A 6548

h spectral resolution data:

3200 —p AV ~ 100 Km/s

Low spectral resolution data: [OI\ 6363

R~600 —p» AV ~500 Km/s

[OI]A 6300

» X

L. Podio Protostellar Jets in Context Rhodes - July 2008



| HH 111 |

t - E = I.‘illlﬁi-'.HH""v.:rgn:r.-|||'3| J L
. “ - [SII]A 6731

20 25 L] 35 i) 45
istance fromn ihe source {ancsech

Electron Diensity | WY em ™

. n, (103em™

Distance from dhe soarnce (ancsec )

m n :
| L =
q r : y n - : : "™, = I =
| ] = | =
- 5 o 1 g E = I = .
: lonization fraction 04
E-‘ n 0%
- all " =
j | 7 B ] B i [ e
g . ) . o B . < ! ] |
H = 1
F 2 2 ; 35 4 0.0

isdance froan ihe source {ancsech

Temperature { 1T K)

Radlal Velocity (km si)

" T, (10°K)

3
4

9000 AU ° D “70.1 pe

Hydrogen density { 107 cm 3y

‘ng (104%cm-3

I 1 1 ""'"""'"""""'"""‘""""""' 1 I
20" 25" 30" 35" 40" 45"

L. Podio Protostellar Jets in Context Rhodes - July 2008



Radlal Velocity (km si)

|HH|{~:—'.HH""¢¢~Hcm"‘. ‘ HH 111 ‘

C[SII]A 6731

il

. n, (103em™

Distance from the soarce (ancsec)

lonization fraction

Iistance fromn the soorce (arc=ec)

Temperatore (LT K

T, (104K)

03
T

5 ; 3
9000 AU Disdance Irom dhe soarce (arcsec)

Hydrogen density { 17 cm ™)

‘ng (10%cm>

e
1
|

207 25 307 = 407

L. Podio Protostellar Jets in Context Rhodes - July 2008



spatial scale: 0.157"’/pix --- spatial resolution: ~1.2” ~ 500 AU
spectral scale: ~40 km s'!/pix --- spectral resolution: ~100 km s-!

Velocity bins: ~200 km/s z o ' I
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-_g 0.4; ;

§ 0.2 ' |

L

-400 -300 -200 -100 0 100 200
Velocity (km/s)

L. Podio Protostellar Jets in Context Rhodes - July 2008



K
[SII]hB?SI

.. [01]A8300

- — — - [NII]A6583

NW

Intensity

-";:II-.I...IIIII|IIII|IIII|IIII

JIIIIIIII

30 35
distance from source (arcsec)




E F G2 G1 H |1 J K L

4E — [SI]AB731 E
~ 3_ ---------- [OI]AB300 E
g 2 - — — - [NII]AB583
T TE 1 x,~0.05-04
- 1FE _ =

X, increases
with velocity
only in knot L. !

0.4 =
- IONIZATION FRACTION -
0.35 -
E ye Al 3 X, up to 0.4
- e /0 ]
< 02 / . \\ N\ MVI:
i L N #,_Z.L'_';;_-_-\ - \| ; X, up to 0.28
0.1 _ ~_ = - A= LVI:
: — - X, up to 0.3
0.0 . . T . . . 7
20 25 30 35 40 45

distance from source (orcsec)

L. Podio Protostellar Jets in Context Rhodes - July 2008



E F G2 G1 H 1 J K1 L

4 E— — [SIAE73 _2
> 3 = L T [OIIA6300 E
o F — — — - [NII]AB583
g 2E 1 T,~1.0-19 10K
e Ty 3
T, increases
with velocity
1.8 ]
B TEMPERATURE i
: . T,upto1.910‘K
- MVI:
- T,upto1.5104K
D — -~ / v LVI:
T \_' T,up to1.3104K
50 3 40 45

distance from source (orcsec)

L. Podio Protostellar Jets in Context Rhodes - July 2008



E F G2 G1 H 1 J K1

Lavalley-Fouquet et al. 200
A
— L VI: -100, -10 km/s
= A
5 Dg T
- - - g 1au
v
| | T T T [ T T | |
- 1 -
o e) = 3
1 : :
w107 =
107 = 3
10° & =
r T T T Oi;_\ E E
3.0 - g 10* _ -
2.5 /\ TOT, ¢ 5 :
— I / / ‘\ 103 = =
E 20 ; \ a | i
5 150 T A -
Z F \\ < - ]
T 4ok N B i
c .U N Sy L -
. \__ d 10* [ ]
0.5 i I B .
: i 1 | 1 0 2 4
' T T ' Distance along jet (arcsec)
20 25 30 35
distance from source (arcsec)

L. Podio Protostellar Jets in Context Rhodes - July 2008



[Call]\ 7324
[Call]\ 7290

Refractory species (Ca, Fe) are expected to be largely depleted in neutral
or molecular ISM, because their atoms are locked on dust grains

BUT:

dust grains should be destroyed by jet shocks
and release the atoms of Ca and Fe.

observed vs predicted ratios

between refractory and non-refractory species

[STI]A 6731
[STT]A 6716
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From LR spectra: presence of DUST GRAINS 1n the jet
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HH 111: Ca DEPLETION
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DUST GRAINS: in the jet or in the ISM ?
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—— large scale physical/dynamical structure of jets

from optical/NIR diagnostics —> ne, Te stratification in the shock cooling region

from tomography in velocity space — velocity shock structure = HVC: higher excitation

e parsec-scale jets from more evolved CTTS or intermediate-mass sources
see poster by Mc Groarty, Podio et al.

 more diagnostic across the jet ( HST data)

« jet tomography at higher spectral res ( Keck data )

dust grains in the jets
possible constrains for the models ?

e dust content in jets from CTTS and Herbig Ae/Be stars

 C(Ca, Fe depletion in the jet basis (is the dust really coming from the disk?)
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Constraining the launching region...

1 2
R p(AU) = 0.034( ;00)

evp

Lstar = 0.1 Lsun
Lstar = 0.3 Lsun
Lstar = 1 Lsun
Lstar = 3 Lsun
Lstar = 10 Lsun

Tstar = 5000 K, Mstar = 1 Msun, Macc = 1.e-7 Msun/yr

100 1000
Magnetic field (G)




observations from the ground
angular resolution limited by the seeing: 1”

(for sources in Orion, D=450 pc, 1’=450 AU)

400 AU - 0.4 pc

High angular resolution!
AO, HST: 0.1~

(for near source, D=140 AU, 0.17=14 AU)

Spectro-astrometry: positional information on mas scales !!
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at 1s spectro-astrometry ?
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NACO + ISAAC spectra of RU Lupi
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HI lines: clear manifestation of circumstellar activity
1s difficult to define their origin (easily excited)

Excited 1in Hartmann et al. 1990,

(on the basis of the often observed P-Cygni Ha. profile) Calvet et al. 1992

Calvet & Hartmann 1992, Hartmann 1994,
Muzerolle et al. 1998, 2001

Supported by the observed relation

Muzerolle et al. 1998, Natta et al. 2002
L(Hao, PaB, Bry) - L,

C

Folha et al. 2001
Edwards et al. 2006

The observed profiles and ratios can not be fully reproduced by accretion Nisini et al. 2004

models
Takami et al. 2001, Whelan et al. 2004, 2006

Extended emission
Tatulli et al. 2006
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accretion wind

permitted lines profile
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spectro-astrometry on RU Lupi
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, large scale physical/dynamical structure of jets
(Ay.n.T.Xx,n, mass and momentum flux )

from optical/NIR diagnostics —> ne, Te stratification in the shock cooling region

from tomography in velocity space —> velocity shock structure -> HVC: higher excitation|

e parsec-scale jets from more evolved CTTS or intermediate-mass sources ( data, Mc
Groarty, Podio et al., in prep., see poster)

 more diagnostic across the jet (HST data: Coffey, Bacciotti, Podio, submitted)
* in velocity bins (NIR: Garcia Lopez et al. 2008; optical: Keck data of HH 30)

—, dust grains in the jets
possible constrains for the models ?

e dust content in jets from CTTS and Herbig Ae/Be stars
 C(Ca, Fe depletion 1n the jet basis (is the dust really coming from the disk?)

— both wind and accretion contributions to the Hel line

e analysis of He, H lines on a larger sample of CTTS (VLT/ISAAC data just acquired)
» analysis of Class 0/I sources (VLT/ISAAC data, see Garcia Lopez talk)
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observational properties

physics of shocks — spectral tracers — diagnostic techniques

results from optical/NIR spectral diagnostics

results from a jet tomography in velocity space

results from a spectro-astrometric analysis of permitted H and He NIR lines
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to accelerate molecular outflows
to inject turbolence in the cloud
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