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X-Shooter:  broad-band spectrograph,
UVB, VIS, NIR arms from 300nm to 2.5µm, 
long-slit / IFU, R = 3300 to 17400 depending   
on arm and slit-width, seeing limited

2nd Generation Instruments



X-Shooter:  broad-band spectrograph,
UVB, VIS, NIR arms from 300nm to 2.5µm, 
long-slit / IFU, R = 3300 to 17400 depending   
on arm and slit-width, seeing limited

MUSE:  Integral-field spectrograph,
spectra from 465nm to 930nm R = 3000 
WFM: 1’ x 1’ FOV, no AO, pixel scale = 0”.2  

WFM + AO : 1’ x 1’ FOV

2nd Generation Instruments

NFM + AO : 7”.5 x 7”.5  FOV, sampling= 25mas

Sz 102



Object Type Instrument

ESO-HA 574

Par-Lup3-4

ISO-Cha I 217

LkCa 15

Sz 102

HH 399

CTTS - very low luminosity

Very Low Mass - 0.13 M�

Brown Dwarf - 80 MJUP

Transitional Disk 

X-Shooter
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Irradiated Disk
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Morphology and Kinematics

ESO-HA 574
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X-Shooter Spectra of the ESO-HA 574 Jet

To be observed in Chandra Cycle 17 

Whelan +. 2014aBacciotti +. 2011,



Morphology and Kinematics

MUSE Observations of SZ 102 in Hα



Morphology and Kinematics

MUSE Observations of  HH399

WFM + AO a big bonus  
for this work



Diagnostics - X-Shooter

ESO-Hα 574 Par-Lup 3-4
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The Diagnostic Potential of Fe Lines 
Applied to Protostellar Jets

Giannini et al. 2015ApJ…798...33G
Giannini et al. 2013ApJ…778...71G

Whelan +. 2014a



Accretion and Outflow Rates

Alcala + 2014, Stelzer + 2013
Manara + 2015, Rigliaco + 2011, 2012

Spectral Type and Extinction  
directly estimated from X-Shooter data



Accretion and Outflow Rates

[OI]6300 = indirect tracer

Whelan +. 2014a



Outflow and Accretion Rates
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Outflow Efficiency in Brown Dwarfs

Jet extinction can be estimated from  
NIR Fe lines

Whelan +. 2014b



Outflow and Accretion Rates

Outflow Efficiency in Brown Dwarfs

Whelan +. 2014b



LkCa 15

X-Shooter spectrum of LkCa 15

Whelan +. 2015



Summary

Morphology and Kinematics: Compare kinematics and morphology in many lines
eventual high. ang. res. of MUSE will be a big advantage, edge-on disks, precession,
proper motions, asymmetries  

Diagnostics: Important for jet launching models, X-Shooter ideal for this, access to high 
excitation lines like [Ne III] or He I 1µm, Fe lines are a new tool. Although MUSE has a
shorter wavelength range it brings 2D perspective and high. ang. res.   

Outflow and Accretion Rates: X-Shooter dominates here as can use the broadband  
to estimate Av source, Av jet and spectral type. Many lines can be used to estimate Macc .   
Sensitive enough to easily detect BD jets.   


