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INTERFEROMETRY TO DETERMINE STELLAR SHAPES (2/2)
OBSERVATIONS OF ACHERNAR WITH PIONIER



PIONIER OBSERVATIONS OF ACHERNAR

•Scientific objective

•Preparation of the observations

•(Execution of the observations)

•Analysis of the data



SCIENTIFIC OBJECTIVE

• VINCI observations do not constrain the inclination of 
the polar axis of Achernar + (u,v) coverage is limited

• PIONIER measures closure phases

• Thanks to Von Zeipel effect, the bright polar cap will 
affect the closure phase

• Measurement of sin(i) to derive the true equatorial 
velocity







PIONIER

• 4 telescope recombination

• Fringes in the pupil plane

• Temporal modulation of the 
OPD

• 6 baselines simultaneously

• 3 phase closures

• Broadband or low spectral 
resolution (7 channels)

• H band (1.6 µm)

• Simple, fast robust instrument

• 1 calibrated observations = 
15-30 minutes





Le Bouquin et al. 2011, A&A 535, A67

Frequencies:
−3f, −f, +f, +3f



INTEGRATED OPTICS 4T

Benisty, M., Berger, J.-P., Jocou, L., et al. 2009, A&A, 498, 601

8 cm



Le Bouquin et al. 2011, A&A 535, A67

Bright star

Faint star



CALIBRATION

Visibility2 Phase closure

Le Bouquin et al. 2011, A&A 535, A67



PREPARATION OF THE 
OBSERVATIONS

• User-friendly tools from the JMMC (http://www.jmmc.fr): SearchCal 
(selection of calibrators) and ASPRO2 (observability, uv coverage)

• Interferometric observations have complex observability limits

• The selection of the calibrators is relatively simple, but some rules 
have to be followed (proximity on the sky, similar color, similar 
brightness) > we select χ Phe for the exercise



ASPRO2 (WWW.JMMC.FR)

Achernar
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OBSERVATIONS AT PARANAL

• Visitor mode (or delegated visitor mode)

• 2 nights (22 et 23 september 2011)

• Quadruplet of telescopes A1-G1-K0-I1 (maxi baseline ~130m) 

• Observations of Achernar and 3 different calibrators

• 17 visibility measurements in dispersed mode (7 spectral 
channels)

• Dense coverage of the (u,v) plane





DATA ANALYSIS
WITH LITPRO



MODEL FITTING WITH LITPRO

• The raw data processing and calibration of the PIONIER data are 
essentially automatic 

• Processed data files in OIFITS format

• Rapid analysis of the data using LITPro (developed and distributed 
by the Jean-Marie Mariotti Center, http://www.jmmc.fr)

http://www.jmmc.fr
http://www.jmmc.fr


LITPRO













INTERPRETATION

• The derived flattening ratio of 
Achernar is Req / Rpol = 1,394 +/- 
0,026

• The star is less flat than in our 2T 
VINCI fit

• Predicted value from the Huygens 
approximation: 1,367



PIONIER DATA



Very small phase closure signal



(U,V) COVERAGE



Adjustment of the complete data set



Flattening = 1,239 +/- 0,003 : conclusion ?



Flattening = 1,35 +/- 0,03

Domiciano et al. (2014, A&A, submitted)



Kervella & Domiciano 2006, A&A, 453, 1059

Polar envelope contributing ~5% of the 
total flux in K

NEW QUESTIONS...



ACHERNAR WITH MIDI
Thermal infrared signature of the 
wind of Achernar
HWHM = 6 R*
Flux = 13% of the star (10 µm)




