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FLUOR specifics
• High accuracy V2 science

–Two telescopes so no phase…
–Broad K band (so far)
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Where does
high accuracy V2 matter ?

• For high dynamic range observations
–Stellar environments (dust disks, molecular envelopes)

• To constrain simple models with high accuracy
–Cepheid pulsations, fundamental parameters

• To discriminate between complex models
–Cepheid atmosphere dynamics

• To reach beyond the λ/B limit
–Small star diameters
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Observations summary for 2009
• Proposals:

–2009-1 :
• F1 (Debris disks): 13 nights (19-31 May)
• F2 (Cepheids): 16 nights (25 June - 10 July)
• F3/C12 (Ridgway, post-AGB disks): 5 nights (7-11 June)
• F4/V15 (Ridgway, granulation of supergiants): 2 nights 

(11-12 June)
–2009-2

• F1 (Debris disks): 9 nights (22-30 November)
• F2 (Cepheids): 14 nights (1-14 October)
• F3 (Be stars, rho Cas): 4 nights (26-29 October)
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Debris disks

(150 AU ≈ 20’’ at 7.7 pc)
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The quest for warm dust
• Detected debris discs

– Far-IR, sub-mm, visible
– Cold and distant (~100 AU)
– Massive (few 100s × Kuiper belt)
– Evidences for inner holes

• Zodiacal disc analogues?
– Inner planetary region
– Spitzer: first evidence 

for warm dust (~300 K)
– Sensitivity ~ 1000 zodi!

• Need direct imaging of 
exozodiacal discs in the planetary 
region
– Towards future exoearth imaging 

space missions…

150 AU

Kalas et al. 2005 (0.8 µm)Marsh et al. 2005 (350 µm)

Stapelfeldt et al. 2004

T ≈ 75 K

150 AU

(150 AU ≈ 20’’ at 7.7 pc)
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Detecting hot dust in inner debris disks
• High contrast (≥ 1:100)
• Small angular separation

–Inner disc: a few 10 mas
– Requires IR interferometry

? 15’’

Macintosh et al. 2003 (Keck AO)

?

Vega’s SED (courtesy J-C Augereau)

1500  300 K

40 
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Survey of debris discs with CHARA/FLUOR

14 A stars

34 m

330 m

12 F stars13 G-K stars

Survey of ~40 bright MS stars (K < 4) with known, cold debris discs or not 
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Interferometric signature of a disk

• Disc larger than angular resolution (λ/b)  incoherent flux
• Induces a visibility deficit at all baselines
• Best detected at short baselines

Flux ratio

Requires very good accuracy (~1%)



CHARA/FLUOR
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Vega : the first robust detection
• 1.3% incohent flux detected
• Combined with spectroscopic data yields:

• Grains are small (<1µm)
• Mdust = 8 .10-8 Mearth in the inner 

10AU
• Vega also flattened fast rotator, with 

equator 2250K cooler than the pole 
(Aufdenberg et al. ApJ 2006)

Absil et al. 2006, A&A 452, 237

3

Model picture
of Vega system
as seen by
CHARA / FLUOR
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Other A stars - β Leonis and ξ Leporis
Akeson, Ciardi, Millan-Gabet et al. 2009, ApJ 691, 1896

Detected excess: 
fK = 2.4 10 -2 (2σ)

β Leo 

IRAS discovered 
A3V ~80 Myr @11 pc
IRAS discovered
+IRS T~120K, R~19AU (Chen2006)

ζ Lep 

IRAS discovered 
A2V 200Myr  @20 pc
IRAS discovered
+IRS excess, warm dust 
T~300K, R~2-8AU (Chen2006)
Resolved@18µm (Moerchen2007)

Marginal detection: 
fK = 1.5 10 -2 (1σ)
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F-G-K detections

new ! (8σ) new ! (3.5σ)

υ And A, F8V, 3Gyr: no cold dust but 3 known planets !

Is this really a ring of dust between the planets ?
(no mid-IR emission detected…??)

new ! (4σ)

τ Cet, G8V, cold dust, no planet 1 Ori, F6V, no dust, no planet10 Tau, F9V, cold dust, no planet

KIN: no excess found
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Detection Summary
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Preliminary statistics
• Adding Fomalhaut’s exozodi (VINCI data)
• Frequency vs. spectral type

– A‐type stars: 45%‐64% (± 14%)
– F‐type stars: 20%‐50% (± 15%)
– G‐ and K‐type stars: 11% (± 17%)

• Frequency vs. cold dust
– Stars with cold dust: 29%‐47% (± 11%)

• 6/17 (including 1 strange case) + 2 marginal detections
– Stars “without” cold dust: 21%‐36% (± 13%)

• 5/14 (including 1 possible cirrus + 1 possible binary)
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Possible bias ?
• Check population at < 3σ (19 stars)

–10 positive excess, 9 negative excess
–Mean excess: 0.01% ± 0.55%
–Mean error on excess: 0.42%
–Mean significance of excess: 0.15σ

• Statistical dispersion seems mostly sane
• Very small bias toward positive excesses

–No underlying population of small excesses???
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What’s next ?
• List of debris disk stars (K<4, dec>‐10°, no SB)

– 18 A / late B stars (10 are TBD)
– 7 F stars (2 are TBD)
– 10 G / K stars (4 are TBD)

• Handle TBDs of 16/35 debris disks stars
–  Checking asymetries with MIRC

• Need to increase control sample similarly
• At least 2 more years of FLUOR!
• … and then: 

– return on proven detections (time changes ?)
– deeper search (based on dynamic range improvements)
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Cepheids
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Cepheids
• Interferometry has the 

potential to provide 
distances of a few 10s of 
nearby Cepheids to 1-4%

• Objective: calibration of 
the period-luminosity 
relation to 1% by the end 
of next year

• But... Cepheids are more 
complex objects than 
expected...
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Example : Polaris
• Polaris:

- very low amplitude Cepheid
- first overtone

• CHARA/FLUOR:
- limb darkening much 

stronger than models
- deficit around V2=65%

• LD alone cannot explain the mid-
range baselines visibility deficit

Mérand et al. 2006, A&A 453, 155
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Effects of the envelope
on the fringe visibility

2) The limb 
darkening appears 
stronger

1) The star 
appears larger 

on short 
baselines

Effect 1) 
disappears for 

low visibility

Position ~ Rshell / Rstar
Depth ~ Fshell / Fstar 
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An interesting correlation

• Correlation beween 
Fenv./F* and period

• M, L, R 
• Teff, g 
• Mass-loss linked to 

pulsation ?
• Typical envelope 

size ~ 3 R*

Kervella et al.
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Next: testing a comprehensive 
model of the Cepheid phenomenon

• Photosphere
• Envelope 
• Dynamical effects in 

the atmosphere
– Compression of line-forming 

regions around the minimum 
angular diameter

eta Aql by CHARA / FLUOR
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Other FLUOR science
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• Diameter of ε Oph measured by 
CHARA/FLUOR (2.961 ± 0.007 mas)

• Hipparcos parallax converts this to 
photospheric radius R = 10.39 ± 0.07 
R⊙

• This confirms the (model dependent) 
radius obtained from the analysis of 
MOST asteroseismic data
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• Diameter of β CrB A 
measured by CHARA/
FLUOR (0.699 ± 0.017 mas)

• Data combined with VLT/
NACO AO imagery for 
photometry

• Improved Teff calibration 
helps interpretation of 
asteroseismology data
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SPICA
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2009 science papers
• Refereed

– Bruntt, H., et al. 2009. The radius and effective temperature of the 
binary Ap star beta CrB from CHARA/FLUOR and VLT/NACO 
observations. To appear in Astronomy & Astrophysics (ArXiv e-prints 
arXiv:0912.3215).

– Mazumdar, A., et al. 2009. Asteroseismology and interferometry of the 
red giant star epsilon Ophiuchi. Astronomy & Astrophysics 503, 
521-531. 

– Akeson, R. L., et al. 2009. Dust in the inner regions of debris disks 
around A stars. The Astrophysical Journal 691, 1896-1908.

• Other 
– Aufdenberg, J. P., et al. 2009. The Interferometric Orbit and 

Fundamental Parameters for Spica from the CHARA and SUSI Arrays. 
Bulletin of the American Astronomical Society 41, 214. 
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In writing (submitted 2010)

• Aufdenberg et al. Spica paper
• Mérand et al. eta Aql paper
• Di Folco et al. debris disks statistics
• Absil et al. dust properties
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Perspectives
• A transition year

– Consolidating on 2008 data
– Several months lost due to broken fiber & fires

• Integrating FLUOR with other instruments is 
the way to go
– FLUOR as a «fringe tracker» to VEGA
– Checking asymetries with MIRC
– Stabilizing FLUOR phase with CHAMP
– More generally, joining interferometry with other 

techniques is the way to go

• 5-10 more years of unique science
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Deadline March 31st !


