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OverviewOverview
�� Radio Galaxies: Main factsRadio Galaxies: Main facts
�� ConstrainingConstraining the the physicalphysical parametersparameters in in RGsRGs
�� NumericalNumerical simulationssimulations of of jetsjets in radio in radio 

galaxies: comparison with galaxies: comparison with observationsobservations
�� Stellar jets and their environment: Main Stellar jets and their environment: Main 

factsfacts
�� Constraining the Constraining the physicalphysical parametersparameters in YSOin YSO

jetsjets
�� NumericalNumerical simulationssimulations of YSO of YSO jetsjets:  :  

comparisoncomparison with with observationsobservations
�� Jet acceleration mechanismsJet acceleration mechanisms
�� ConclusionsConclusions



Astrophysical JetsAstrophysical Jets

Collimated outflows in form of jets are Collimated outflows in form of jets are 
ubiquitous in the Universe:ubiquitous in the Universe:

1.1. Jets from Jets from AGNsAGNs in Radio Galaxies;in Radio Galaxies;
2.2. binary systems;binary systems;
3.3. from Young Stellar Objects;from Young Stellar Objects;
4.4. in SS433;in SS433;
5.5. from the Crab Pulsar;from the Crab Pulsar;
6.6. in the sources of Gamma Ray Burstsin the sources of Gamma Ray Bursts



PictorPictor A (z=0.035)A (z=0.035)
Nucleus to hotNucleus to hot--spot spot ∼∼∼∼∼∼∼∼ 270 270 kpckpc
jet jet ∼∼∼∼∼∼∼∼ 120 120 kpckpc

About Radio GalaxiesAbout Radio Galaxies

Radio Radio emissionemission
SynchrotronSynchrotron::
F(F(νννννννν) ) ∝∝∝∝∝∝∝∝ νννννννν--αααααααα

αααααααα ∼∼∼∼∼∼∼∼ 0.50.5

Electron powerElectron power
lawlaw distributiondistribution

n(E) n(E) ∝∝∝∝∝∝∝∝ EE--pp

p=p=22αααααααα+1+1

Synchrotron Radio to XSynchrotron Radio to X--raysrays

Radio: synchrotron  XRadio: synchrotron  X--
rays: synchrotron+SSCrays: synchrotron+SSC



�� Radio luminosity: 10Radio luminosity: 104141--10104444 ergs sergs s--11

�� Size: a few Size: a few kpckpc –– some some MpcMpc
�� MorphologiesMorphologies
�� Polarization degree: about 1%Polarization degree: about 1%--30%30%

Radio Radio GalaxiesGalaxies: : MainMain factsfacts

WhatWhat wewe knowknow::

�� Life timescale: 10Life timescale: 1077--101088 ysys
�� Magnetic field: 10 Magnetic field: 10 –– 101033 µµµµµµµµGG
�� Kinetic power: 10Kinetic power: 104444--10104747 ergs sergs s--11

�� Jet Mach number: M>1Jet Mach number: M>1
�� Jet velocity: possibly relativisticJet velocity: possibly relativistic
�� Jet density: 10Jet density: 10--55--1010--44 cmcm--33

WhatWhat wewe guessguess ((butbut do do notnot knowknow forfor suresure!):!):



Absence of any line in the radiationAbsence of any line in the radiation
spectrum!spectrum!

Radio Radio GalaxiesGalaxies: : MainMain factsfacts

WhyWhy thesethese uncertaintiesuncertainties in in constrainingconstraining the basicthe basic
parametersparameters?:?:

Parameters are constrained by indirect means:Parameters are constrained by indirect means:
�� Magnetic field: by minimum energy  Magnetic field: by minimum energy  

condition (condition (equipartitionequipartition))
�� Kinetic power: energy requirementsKinetic power: energy requirements
�� Jet Mach number: indication of shocksJet Mach number: indication of shocks
�� Jet velocity: jet oneJet velocity: jet one--sidedness sidedness 
�� Jet density: jet numerical Jet density: jet numerical modellingmodelling



ObservedObserved morphologiesmorphologies::
The The FanaroffFanaroff--Riley classificationRiley classification

FR IFR II or I or lobe dominatedlobe dominated
(classical doubles)(classical doubles)

FR I or jet FR I or jet dominateddominated

3C 98
VLA

3C 31
VLA

FR II FR II onlyonly havehave
HotHot--spotsspots!!



�� FR I: Jet dominated emission, twoFR I: Jet dominated emission, two--sided jets, sided jets, 
typically in clusters, weaktypically in clusters, weak--lined galaxieslined galaxies

�� FR II: Lobe dominated emission, oneFR II: Lobe dominated emission, one--sided       sided       
jets, isolatedjets, isolated or in or in poor groups, strong  poor groups, strong  
emission  lines galaxiesemission  lines galaxies

Radio Radio vsvs optical luminositiesoptical luminosities::

LLR R ∝∝∝∝∝∝∝∝ LLoptopt
1.7 1.7 

(Owen & Ledlow 1994)(Owen & Ledlow 1994)
Environment plays a role?Environment plays a role?



Basic Basic physicalphysical parametersparameters

Theoretical modeling andTheoretical modeling and numerical numerical 
simulationssimulations of of jets on large scale requirejets on large scale require
a minimum set of a minimum set of parameters:parameters:

1.1. LorentzLorentz factorfactor ((ΓΓ))

2.2. Jet Mach numberJet Mach number (M)(M)

3.3. JetJet--ambientambient density ratio (density ratio (ηη))



VelocityVelocity: jet : jet oneone--sidednesssidedness



NGC 4261NGC 4261

Jet and counterjet are both visible and proper 
motions detected: β=0.46±0.02, θ=63±3°

Core

Gap

(Piner et al. 2002)



Difficulties…Difficulties…
1. The counterjet is not visible in most cases 
2. Proper motions observed in few objects only



Jet Mach number: indication of Jet Mach number: indication of 
shocksshocks

PictorPictor AA



Jet Mach number: indication of Jet Mach number: indication of 
shocksshocks

BBeqeq=4.6=4.6¥¥1010--4 4 GG



Jet Mach number: indication of Jet Mach number: indication of 
shocksshocks



ObservationsObservations of FR II of FR II hothot--spotsspots

3C445 at 3C445 at 
the VLT the VLT 
II--band band 
(0.9 (0.9 µµµµµµµµm)m)
((PrietoPrieto etet
al. 2003)al. 2003)



FR II FR II hothot--spotsspots

SynchrotronSynchrotron
modelsmodels

K, H, J and IK, H, J and I
bandsbands and radioand radio
fluxflux at 8.4GHzat 8.4GHz



ModellingModelling the jthe jet et terminationtermination in in 
FR II FR II sourcessources

�� AGN (FRII) AGN (FRII) jetsjets are are 
supersonicsupersonic (M>1)(M>1)

�� EmissionEmission nonnon--thermalthermal
�� Comparison of model B Comparison of model B withwith BBeqeq

BowBow--shockshock

Mach disk:Mach disk: possiblepossible cosmiccosmic rayray
accelerationacceleration sitesite

Contact Contact discontinuitydiscontinuity



ModellingModelling the jthe jet et terminationtermination
in FR II in FR II sourcessources

jetjet

TerminalTerminal
shockshock



Cygnus A Cygnus A (FR II) (FR II) -- VLA, 6cmVLA, 6cm

Jet density Jet density fromfrom FRIIFRII
morphologiesmorphologies



Cygnus A Cygnus A (FR II) (FR II) -- VLA, 6cmVLA, 6cm
bow shock

undisturbed 
intergalactic gas

“cocoon” (shocked
jet gas)

splash point

backflow

Jet density Jet density fromfrom FRIIFRII
morphologiesmorphologies



Numerical simulations of FR II Numerical simulations of FR II 

SupersonicSupersonic andand
Underdense jetUnderdense jet

We use the (M)HDWe use the (M)HD
code PLUTO, code PLUTO, basedbased
on high on high resolutionresolution
shockshock--capturingcapturing
schemesschemes..
(http://(http://plutocode.to.astro.itplutocode.to.astro.it))



Numerical simulations of FR IINumerical simulations of FR II
sourcessources

backflow

intergalactic gas

Mach disk

bow-shockContact discontinuity



Numerical simulations of FR IINumerical simulations of FR II

cocoon

intergalactic gas

splash point

bow-shock

backflow

Comparison of observed and simulatedComparison of observed and simulated
morphologiesmorphologies

1.1. Relativistic (oneRelativistic (one--sidesideddnessness)), , ΓΓ>1>1
2.2. Supersonic (presence hotSupersonic (presence hot--spots)spots), M, M>1>1
3.3. UnderdenseUnderdense (presence of cocoons)(presence of cocoons), , ηη<1<1

(simulations)(simulations)



On FR I / FR II  On FR I / FR II  DichotomyDichotomy

• Intrinsic explanations:
1. Differences in jet composition (e+-e- for FR I sources, 

Reynolds et al. 1996a);
2. Difference in the central engine (a fast spinning BH 

yields  FR II jets, Meier 1999)
3. ADAF produce FR I (and BL Lacs), while ‘standard’ 

accretion discs FR II (and quasars) (Reynolds et al. 
1996b).

• Extrinsic explanations: 
1. Jets decelerated by instabilities and/or entrainment in 

weaker jets to produce FR I, stronger jets remain 
stable to form FR II (Komissarov 1990).

2. Observations of six Hybrid Morphology Radio Sources 
(HYMORS): FR I on one side of the core and FR II on 
the other one (Gopal-Krishna & Wiita 2000).



HowHow AboutAbout FRIsFRIs??
FR Is as well are relativistic on the parsec scale

Problem: jet deceleration from the VLBI to VLA scale
(see Bowman et al. 1996)

VLBI VLA



HymorsHymors



Jet instability and braking in Jet instability and braking in FRIsFRIs

Jet instabilities: linear growth τKH ~ 2π MJ RJ / cs

Nonlinear growth: τKH ≤≤≤≤ 10 RJ / cs

Mixing and mass entrainment 

Jet braking



Jet instability and braking in Jet instability and braking in FRIsFRIs::
Numerical simulationsNumerical simulations
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Jet instability and braking in Jet instability and braking in FRIsFRIs::
Numerical simulationsNumerical simulations

Longitudinal behavior of maximum and averaged Lorentz
factor
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SummarySummary of AGN of AGN JetsJets

�� Basic physical parameters are still  Basic physical parameters are still  

unconstrained. unconstrained. 

�� Limits from Limits from observationsobservations of of 

morphologiesmorphologies..

�� Numerical Numerical simulationssimulations importantimportant forfor

the the comparisoncomparison withwith observationsobservations..



The The environmentenvironment of of jetsjets fromfrom
YoungYoung Stellar Stellar ObjectsObjects ((YSOsYSOs))

Giant Molecular Giant Molecular CloudsClouds ((GMCsGMCs))
sitessites star star formationformation..

GMC GMC physicalphysical parametersparameters::

1.1. T~10K T~10K 
2.2. density ~1000 times density ~1000 times meanmean

ISM. ISM. 
3.3. L ~1L ~1--100 100 pcpc
4.4. M ~10M ~105 5 –– 10107 7 MM��������

5.5. ττ ~10~107 7 ysys

About 1000 About 1000 GMCsGMCs are are presentpresent
in the Milky Way.in the Milky Way.

LocatedLocated in thein the
GiantGiant MolecularMolecular CloudsClouds



InitialInitial phasesphases: : fromfrom
cloudcloud toto protostarprotostar

{{PhasesPhases associatedassociated
toto the the presencepresence ofof
jetsjets

T T TauriTauri starsstars: : MM~~ 0.30.3--3 3 MM��������



The stellar The stellar jetsjets

The show The show toto observationsobservations::

�� ForbiddenForbidden emissionemission

lineslines in the in the opticaloptical

�� IR IR emissionemission

�� SeriesSeries of of knotsknots alongalong

the jet at the jet at differentdifferent

distancesdistances fromfrom the the 

sourcesource

�� Terminal Terminal hothot--spotsspots



The outflow HH212

McCaughrean et al. 2002

H2 emission in the K-band
at 2.122 µm



ImageImage of the HH47A bowof the HH47A bow--shock (shock (HartiganHartigan etet al. 1999) al. 1999) 

HotHot--spot observationsspot observations



HotHot--spot observationsspot observations

HH47A bowHH47A bow--shock shock spectrumspectrum HH47A HH47A MachMach--diskdisk spectrumspectrum



ConstraintsConstraints on on physicalphysical parametersparameters::
HotHot--spot observationsspot observations

[S II] 6716

[S II] 6731
Ne 

[O III] 5007 + [O III] 4949 

[O III] 4363
T



HH212 - IR

Jet Jet morphologiesmorphologies

FromFrom morphologiesmorphologies

YSO YSO jetsjets are are asas densedense
asas the the ambientambient
(or (or denserdenser))

1. 1. JetsJets withwith little little evidenceevidence
of of cocoonscocoons

2. Jet 2. Jet oneone--sidednesssidedness fromfrom
ambientambient absorptionabsorption

The medium The medium surroundingsurrounding the jet the jet isis notnot
observableobservable at at anyany wavelengthwavelength



Jet Jet morphologiesmorphologies
ComparisonComparison withwith a “a “classicalclassical doubledouble” radio ” radio sourcesource::

ProminentProminent cocooncocoon underdenseunderdense jetsjets



YSO YSO JetsJets: : LargeLarge scale scale knotsknots

HH34HH34
opticaloptical

HH34HH34
opticaloptical

3C 2733C 273
Radio+Radio+
opticaloptical



HH34: Proper motions HH34: Proper motions 
((EislöffelEislöffel & & MundtMundt 1992)1992)

YSO YSO JetsJets: : LargeLarge scale scale knotsknots



SummarySummary of YSO of YSO jetsjets physicalphysical
parametersparameters

ForbiddenForbidden emissionemission line line ratiosratios →→→→→→→→ electron electron densitiesdensities, , temperaturestemperatures
Line Line DopplerDoppler shiftsshifts →→→→→→→→ jet jet radialradial velocitiesvelocities

KnotKnot properproper motionsmotions →→→→→→→→ tangentialtangential velocitiesvelocities



45″″″″

Knots due to:

1) Internal Working
Surfaces?

2) Shear-layer
Instabilities?

3) Current-driven
modes

4) Re-collimation
shocks?

YSO YSO JetsJets: : LargeLarge scale scale knotsknots



45″″″″

RW AUR Jet
([S II] and [O I])

YSO YSO JetsJets: : SmallSmall scale scale knotsknots
Distances d 5"

Dougados et al. 2000)

DG TAU B jet
(continuum)



VVjj=200 km s=200 km s--11, , nnjj/n/nambamb=1, =1, ppjj/p/pambamb=10=10

Species: H, HeSpecies: H, He00, C, C00, C, C++, N, N00, N, N++, O, O00, O, O++, Mg, Mg++, Si, Si++, S, S++,, FeFe++

SimulatedSimulated coolingcooling jetjet

HH30 jet



HH30 HH30 ((BacciottiBacciotti etet al. 1999)al. 1999)



Shock excitationShock excitation
One observes postOne observes post--shock regions of higher shock regions of higher 
excitation (excitation (filling factor <<1filling factor <<1, Hartigan 2004), Hartigan 2004)



TemporalTemporal evolutionevolution of a of a velocityvelocity perturbationperturbation

PreshockPreshock parameters:parameters:

TTupup=1000 K, =1000 K, nnupup=n=n00 xx00
22/(x/(x00

22+x+x22), x), x00=0.1=0.1

nn00=5=5××××××××101044 cmcm--33, , BBupup=100 =100 µµGG, , ffii upup=0.1%=0.1%

Massaglia Massaglia etet al.al. (2005)(2005)

Shock Shock excitationexcitation

Density and velocity at different times Density and velocity at different times 
in the reference frame at rest with the in the reference frame at rest with the 
mean flow of the jetmean flow of the jet

Perturbation amplitude: UPerturbation amplitude: U00=70 km s=70 km s--11



LineLine--ratios along the jetratios along the jet

(*,(*,��������) = ) = Log[SIILog[SII] and ] and Log[NIILog[NII/OI]/OI]
ratios from ratios from 

C. C. LavalleyLavalley--FouquetFouquet et al. (2000)et al. (2000)

DG DG TauTau jetjet assumingassuming advectionadvection
velocityvelocity VVflowflow=150 km s=150 km s--11

((°°°°°°°°)=electron density )=electron density fromfrom
[SII] ratio[SII] ratio

((••••••••)=Ionization fraction ()=Ionization fraction (BacciottiBacciotti etet
al. 1995)al. 1995)

ComparisonComparison of of observationsobservations ((C. C. LavalleyLavalley--FouquetFouquet et al. (2000),et al. (2000),

symbolssymbols) ) withwith the model (the model (Massaglia Massaglia etet al (2005), al (2005), lineslines))



ModellingModelling the the originorigin of of jetsjets

Jets originate around SMBH of 10Jets originate around SMBH of 1088--10101010 MM��������

accreting mass through a magnetized diskaccreting mass through a magnetized disk



Jet acceleration: classes of modelsJet acceleration: classes of models

a)a) DiskDisk--wind models                                                     wind models                                                     
acceleration: centrifugal below the acceleration: centrifugal below the alfvènicalfvènic surface, magnetic surface, magnetic 
pressure gradient above                                         pressure gradient above                                         
collimation: magnetic tension (hoopcollimation: magnetic tension (hoop--stress)stress)

b)b) Stellar wind models                                             Stellar wind models                                             
acceleration: mostly due to pressure gradient               acceleration: mostly due to pressure gradient               
collimation: magnetic tensioncollimation: magnetic tension

a) b)



DiskDisk--wind jets: stationary modelswind jets: stationary models

ThinThin diskdisk

CorotationCorotation

No No corotationcorotation

BlandfordBlandford & & PaynePayne (1982), (1982), CamenzindCamenzind (1996)(1996)
SpruitSpruit (1996), (1996), FerreiraFerreira (1997)(1997)
VlahakisVlahakis etet al.al. (2000)(2000)



DW jets: launching mechanismDW jets: launching mechanism

CentralCentral objectobject

BeadBead--onon--aa--wirewire FieldField lineline

DiskDisk

CentrifugalCentrifugal
forceforce

θ

1.1. ΘΘ >> 6060oo: no : no flowflow
2.2. ΘΘ ≤≤ 6060oo: : windwind
3.3. ΘΘ <<<< 6060oo: slow : slow flowflow



DW jets: launching mechanismDW jets: launching mechanism

CentralCentral objectobject

CollimationCollimation::
MagneticMagnetic tensiontension

((HoopHoop--stressstress))

AccelerationAcceleration::
MagneticMagnetic pressurepressure

gradientgradient

DiskDisk

AccelerationAcceleration::
centrifugalcentrifugal



Analytical ApproachesAnalytical Approaches
•• The ideal, steadyThe ideal, steady--state axisymmetric MHD equations have been state axisymmetric MHD equations have been 

solved by a nonsolved by a non--linear separation of the variableslinear separation of the variables
•• Solutions are obtained by the assumption of selfSolutions are obtained by the assumption of self--similarity, which similarity, which 

implies the invariance along one direction of the spherical implies the invariance along one direction of the spherical 
coordinates (r, coordinates (r, θθ))

•• The analytical models provide density and the velocity and The analytical models provide density and the velocity and 
magnetic field vectors as functions of (r, magnetic field vectors as functions of (r, θθ))

– Radially
Self-Similar (a)

the same                              
for any θ

– Meridionally
Self-Similar (b)

the same
for spherical surfaces

21 /ϖϖ

21 /ϖϖ



The solutionsThe solutions

The The RadiallyRadially Self Similar Models:Self Similar Models:

– describe a magneto-
centrifugally disk wind

– they have conical critical 
surfaces (slow, Alfvèn, fast)

– however, they are singular at 
the axis

– they are derived with the 
polytropic assumption with a 
constant polytropic index

(Contopulos & Lovelace 1994, 
Ferreira 1997, Vlahakis et al. 
2000)



The solutionsThe solutions
MeridionallyMeridionally Self Similar ModelsSelf Similar Models:

– describe a thermally driven stellar outflow

– have spherical critical surfaces (slow, Alfvèn, fast)

– there are magnetic fieldlines not connected to the star surface
– they correspond to a variable effective polytropic index

(Sauty & Tsinganos 1994, Trussoni et al. 1997, Sauty et al. 2002)



Numerical simulationsNumerical simulations

MHD jet MHD jet accelerationacceleration studiesstudies byby numericalnumerical meansmeans,,
in 2D in 2D axisymmetryaxisymmetry::

1.1. Considering the disk as a Considering the disk as a givengiven boundaryboundary conditioncondition
((e.ge.g., ., OuyedOuyed & & PudritzPudritz 1997,  1997,  UstyugovaUstyugova etet al.al. 1999, 1999, 
FendtFendt 2006 ); 2006 ); 

2.2. ProducingProducing accretionaccretion--ejection flows evolving disk ejection flows evolving disk 
and jet and jet selfself--consistentlyconsistently (e.g., Casse & Keppens (e.g., Casse & Keppens 
2002, Kato 2002, Kato etet al.al. 2002, Zanni 2002, Zanni etet al.al. 2007)2007)



AccretionAccretion--ejectionejection: : initialinitial setupsetup

Self-similar “Keplerian” disk in equilibrium with gravity, thermal pressure gradient and Lorentz force

Disk parameters: µ µ µ µ = B2/P = 0.6 ,              ηηηη = αααα Va H exp[-2(z/H)2]

H=thermal disk heightscale=(Cs/ΩK)z=0 ,  η=magnetic diffusivity (“α” prescription) 

Shakura & Sunyaev (1973), Ferreira (1997)

2.5D MHD 

FLASH2.5 – AMR
7 levels of refinement

512x1536
(equivalent resolution)



Time-dependent solutions

Density maps (logarithmic scale) Unit time: days

Magnetic contour lines

Critical Alfvènic (dash), fast magnetosonic (dots) surfaces



PoloidalPoloidal currentcurrent circuitscircuits ((redred))

PoloidalPoloidal fieldfield lineslines ((yellowyellow))

Poloidal speed vectorsPoloidal speed vectors

Background density grayBackground density gray--scalescale
map (logarithmic)map (logarithmic)

Physical scales of the Physical scales of the domaindomain::

zzmaxmax== 120 r120 r00
rrmaxmax = 40 r= 40 r00



Mass Mass loadingloading –– terminal speedterminal speed

• More mass loaded outflows have lower terminal speed

less available energy per particle

α = 0.1 χm=1

α =   1  χm=1 α = 0.1 χm=1 low resolution

αααα =   1  χχχχm= 3

1-
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Zanni Zanni etet al.al. (2007)(2007)

Density maps (logarithmic scale) Unit time: days



Size of the acceleration regionSize of the acceleration region

The The accelerationacceleration regionregion::

Size: 0.1Size: 0.1-- 1 AU         0.71 AU         0.7--7 mas 7 mas 

Problems to observationsProblems to observations
due to i) size and ii) due to i) size and ii) extinctionextinction
fromfrom disk disk mattermatter

Contributions from VLTIContributions from VLTI
observations to set constraintsobservations to set constraints
to to jet acceleration jet acceleration modelsmodels

ComparisonsComparisons of of modelsmodels withwith
observationsobservations

HH30 in the [SII] lineHH30 in the [SII] line



The The presentpresent::
comparisons comparisons withwith observationsobservations

MagneticMagnetic leverlever armarm: : λλ== ((rrAA/r/r00
)2,)2, rrAA=Alfvènic=Alfvènic radiusradius, , rr00=fiedline =fiedline footpointfootpoint radiusradius

Zanni Zanni etet al.al. (2007): (2007): λλ @@ 99



EdwardsEdwards etet al.al. (2006) and (2006) and KwanKwan etet al.al. (2007):(2007):

observations of the line profiles of a sample of 39 CTTSs in observations of the line profiles of a sample of 39 CTTSs in 
the IR line HeI the IR line HeI λλ10830 and comparisons 10830 and comparisons withwith thethe
theoretical ones expected theoretical ones expected fromfrom stellar and disk stellar and disk windwind
modelsmodels..

1) line 1) line profileprofile characteristiccharacteristic of diskof disk-- windswinds in in ~~30% of the30% of the
casescases

2) 2) characteristiccharacteristic of of stellar stellar windswinds in in ~~ 40% of the40% of the
casescases

The The presentpresent::
comparisons comparisons withwith observationsobservations



The future: VLTI observationsThe future: VLTI observations

ContributionsContributions from VLTI from VLTI observationsobservations::

•• Set constraints to Set constraints to jet acceleration jet acceleration modelsmodels,,
possibility of comparisons of models with possibility of comparisons of models with observationsobservations
byby observingobserving the the circumstellarcircumstellar regionregion wherewhere the jetthe jet
acceleration takes place acceleration takes place ((withwith the the nearnear IR AMBER/VLTI IR AMBER/VLTI 
instrument, Bacciotti et al. 2003, Thièbaut instrument, Bacciotti et al. 2003, Thièbaut etet al.al. 2003)2003)

•• Investigate possible connections between variations of Investigate possible connections between variations of 
the central star and formation of new the central star and formation of new knotsknots in the jetin the jet

•• Accurate measure of knots proper motions Accurate measure of knots proper motions 
(up (up toto 1 mas/day)1 mas/day)



ConclusionsConclusions

�� GMCsGMCs hosthost youngyoung starsstars thatthat emitemit jetsjets;;
�� Jet Jet emissionemission spectraspectra and and observedobserved morphologiesmorphologies

can can constrainconstrain the basic the basic physicalphysical parametersparameters;;
�� Jets are likely to be accelerated and collimated Jets are likely to be accelerated and collimated byby

MHD MHD processesprocesses thatthat take take placeplace aboutabout the the accretionaccretion
diskdisk--centralcentral star star regionregion;;

�� AttemptsAttempts toto compare compare accelerationacceleration modelsmodels withwith
observations are under way;observations are under way;

�� VLTI high resolution observation will better constrainVLTI high resolution observation will better constrain
and verify the and verify the accelerationacceleration mechanismsmechanisms..




