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Transiting planets

• ~1/2 known exoplanets (~450/1050, +thousands candidates)

• open up a wealth of physical properties
radius, true mass (+RV), density, structure, eccentricity, tilt star/orbit, 
chemical composition, clouds and hazes, T-P profile, winds, climate, ...

• characterization needs very high S/N observations

after Winn (2010)
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Transiting planets

• ~1/2 known exoplanets (~450/1050, +thousands candidates)

• open up a wealth of physical properties
radius, true mass (+RV), density, structure, eccentricity, tilt star/orbit, 
chemical composition, clouds and hazes, T-P profile, winds, climate, ...

• characterization needs very high S/N observations

Seager & Deming (2009)
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Methods  (ground based)

• multi-band differential photometry  (broad or short band)
bra

• high-res spectro
+ efficient, self calibrated          - loose spectral continuum, rely on line list knowledge

• multi-object spectroscopy

λ
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Systematics illustrated :

High spectral resolution resolves correlated noise.
Enables correction before eventually degrading that spectral resolution, to boost S/N.
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FORS2
mask w/ large slits

by Bean et al. (2010, Nature 470, 669)R~1000

First results

 also w/ GMOS (Gibson et al. 2012; Crossfield et al. 2013)
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FLAMES

First results

9-σ detection of Na absorption

(2011)

x 14

2”

3”

no further results so far...      perhaps because of the imperfect micro-lens transmission... 
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KMOS ?

Several on-going programs with K-MOS
=> experience that can inform MOS design

model thanks to D. Ehrenreich

Simulations for GJ3470b :

x 24

2.8”

2.8”

ongoing observations (Saglia et al.) 
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Injection

A.

apertures

target

comparison B. small pointing shift
C. seeing variation

Systematics
• tracking (case B) or seeing variations (case C) induces flux losses
• bad centering induces differential flux losses

Injection design
• large “apertures” (or field of view), but not too large because of the sky
• precisely centered on star PSF 
• minimal repositioning error
• precise guiding
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Injection

Aperture values 

   case : precision = 10^-4
• seeing=1.5”, seeing variation=10% 

• aperture > 5”x5”
• centering precision < 0.2” (pTp)
• integrated tracking precision < 0.05” (pTp)

   case : precision = 10^-6
• seeing<1.0”, seeing variation=30%                           seeing var = 10%

• aperture > 5”x5”                                                   
• centering precision < 0.05” (pTp)                        centering < 0.1” (pTp)
• integrated tracking precision < 0.05” (pTp)

(simulations used by the Science Team to define the TLRs)

• star positions do change ! (e.g. field geometry or differential refraction)
• can be accommodate by (unnecessarily) larger apertures
‣ active centering should be preferred
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The ExTrA facility

Cassegrain Units

5 movable field units
(1 target + 4 comp. stars)

each field unit injects 
star  & sky flux 

in 2x4 fibers

positionners are 
piezo-electric 

stages assemblies

Telescopes

ASA600 RC

numbers 3
diameter 60cm
f-ratio f/8
fov 57‘x57’

Field Units
matrix of square 

µlenses

>99% filling factor

both star&sky
injected in 2x4 fibers

Spectrograph

R>200

~90% transmission

input : 120 fibers
output : 120 spectra

Camera
InGaAs

LN2 cooled
0.8-1.55µm

RON<20e-
dark < 5e-/pix/sec

E x rA
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The ExTrA facility

E x rA
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Injection

• active positioning    23.3µm <-> 1 arcsec (600mm, f/8)
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Injection

5”
250 µm (goal 140µm tbc )

star sky

fibers bundles:
fiber pitch 

standard: 125 µm
(60/125)

Goal: 70 µm 
(50/70)

Focal length under studies, 
3 possible cases considered:

~ 800 µm (with  lens pitch  of 125 µm) 
~ 400 µm (with  lens pitch  of 125 µm)
~ 350 µm (with  lens pitch  of 70 µm) 

5”
250 µm (goal 140µm tbc )

+ active centering

+ measure of photocenter position

=  stable illumination

•  sky measured next to each object to 
remove OH emission

• large FOV (5-10” width)

If filling factor <100% ?
• 1µm dead zone => defocus = 2”, aperture=10”x10”, centering < 0.1”
• alt/ : perform dithering or PSF shaping w/ active positioning
• lab. tests foreseen

Filed Unit Design

Alt/ design ?
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Injection

Alt/ design ?

125µm +/-5µm

25
0 
µm

  +
/- 

5µ
m

diamètre coeur: 70 +/-15 µm 

Zone intersection < 1µm ou se recouvrant de qq µm 

Ouverture numérique : F/5 => Δn correspondant ?
Δn = 4.10-2 ou 5.10-2 

les guides doivent être 
alignés sur une droite à 

+/- 5µm près

2m
m

 +
/0

,1
m

m

125µm +/-5µm

125µm +/-5µm

Remarque : cette structure convient aussi

Structure Lanterne pour 4 quadrants

35
0µ

m
 +

/1
0 
µm

P. Kern
L. Jocou
R. Stoian
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C. Schwab’s poster

Similar to :
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Expected performances precision = 0.01% in 240s for J=8
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NGTSEXTRA

VLTs

VISTA

• Paranal ?
• 1st light foreseen ~fall 2015
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Precision also affected by detector non-linearities 
(pixel response, charge transfer efficiency, intra-pixel 
response, remanence...) :
- spread spectra over many pixels to average down 
the systematics
- full a priori characterization

Other requirements

Multiplexing :
- goal : 10x more flux on comparison stars than on 
target
- comparisons are better if the same brightness as 
the target
=> mux ~ a few

Wavelength:

Tinetti et al. (2012)
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Conclusion

E x rA

• MOS were not conceived w/ exoplanets in mind
so far...

• large apertures => success of large-slit mask MOS
• better IFUs & active positioning should be considered
• forthcoming feedback from the ExTrA project
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E-ELT scaled
Transmission spectra for a single transit of
an ocean planet of 2 Rearth transiting a 0.33-Rsun 
M dwarf

model thanks to D. Ehrenreich
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