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PIONIER OBSERVATIONS OF ACHERNAR

» Scientific objective
* Preparation of the observations
» (Execution of the observations)

* Analysis of the data



SCIENTIFIC OBJECTIV

* 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
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Important Notce:

By subanitting thos proposal, the P1 takes full respon sy for the comtent of the propoeal, in particular with regard to the
mames of Cols and the agreement to aet soecording to the ESO policy and regelations, should olwerving thme be gramted

1. Title Category: D=1

Achernar’s polar cap: a view to the internal rotation profile of a fast rotating Be star

2. Abstract / Total Time Requested
Total Amount of Time: 2.1 nights VM, 0 hours SM

Achernar is ane of the brightest and nearest fnst rotating stars. Back in 2002, we uncovered the spectacular
clliptical prefile of its photosphere using VLTI/VINCI, but with 2 telescopes, we could not map the photospheric
ight distribution. Now with 4 telescopes, PIONIER will give us an image of the star's surfnce. What do we
expect? Models prodict that the rotaticnal distorsion of Achernar creates n dark eguatorial belt and a bright
and hot polar cap. The brightness nand pasition of the pole are two fundamental parnmeters sorely needed to
constrain our models. The position of the pole will give us the inclinntion of the rotation axis on the line of
sight, and its brightness will give us the local effective tempernture. We suspect that the internal rotation of
Achernar is non-uniform, with a superfast care rotation and relatively slower external lnyers. These data will
cnable us to test this hypothesis. The single NACO observation is intended to localize Achernar’s companion.

3. Run Period  Instrument Time Month Moon Seeing Sky Mode Type
A 87 Special VLTI 2= wp n n THN v
B 87 NACO O.ln wp n n THN v
4. Number of nights/hours Telescope(s) Amount of time

a) already awarcec to this project:
b) still required to complete this project:

5. Special remarks:

For operntional reasons we would like to request, when applicable, to regroup accepted propasals using PIONIER
in continuous run. The PIONIER and NACO runs should be scheduled together (see Bax 8B).

P. Kervella, pierre kervella@obspm.fr, F, Observatoire de Paris, Site de Meudon
6. Principal Investigator: - LESIA - Bat. TE (5)

6a. Co-investigators:

J-B. Le Bouguin Laborstcire d'mstrophysigee de Gresoble Otservatoire de Grenoble,F
Al Damiciano de Souza Laboratoire Universitaire d'Astrophysique de Nice F

J.-P Berger ESO Office Santingo ESO

B Lazareff Laborstcire d'mstrophysigee de Gresoble. Oltsesvatoire de Grenoble,F

Foliowing Cols moved to the end of the document ...

7. ls ths proposal linked to a PhD thesis preparation? State role of PhD student in this project
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PIONIER

* 4 telescope recombination » Broadband or low spectral
resolution (/ channels)

* Fringes in the puplil plane

o i bamcEEc )

* Temporal modulation of the

@D * Simple, fast robust instrument
* 6 baselines simultaneously * | calibrated observations =
| 5-30 minutes

B viase closures
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Le Bouquin et al. 201 |,A&A 535,A67
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PREPARATION OF TH

OBSERVAT

ONS

 User-friendly tools from the [IMMC (http://www,jmmc.fr): SearchCal
(selection of calibrators) and ASPRO2 (observabllity, 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
BRERitRie<s | — e select o Phe for the exerclse



ASPRO2 (WWW,JMMC.FR)

® Aspro2 File Edit

Interop Help

VY

Aspro2

_;A__‘_._-_-m

e Main settings

v Configuration(s)

Constraints

Bhterferometer | Jyiepee R g, UT+

3 _j'(- -

chiPhe

Acherngr
[x] Sky |

Al KO G1

av - :

ALKOJ3 b

Date |2014/05/12 %)/
Min. PTEVA '

Stat . Y. I/22

~Main settings ~Configuration(s) —
Interferometer | VLTI $| || |UT1UT2 UT3 UT4

| || |A1 G1 K0 )3

Period | VLTIPeriod 93 | || [NNGEGIL

. : DOHO G111

Instrument [ PIONIER ¢J Al B2 C1 DO
256.57m
: 3102.43 m

S| —

@=um3 46.63 m

-30; 0
: g0, °% n,
-401 Do. o
-504 Aqsfo‘ -
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-70; . 23 DL,
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~901 8§ > Cl.
-100 a
Made by ASPRO 2/ MMC |
-100 -50 0 50 100

¥ Status : observability done.

Provided by JRARAC
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OBSERVATIONS AT PARANAL

* Visitor mode (or delegated visitor mode)

22 et 23 september 201015

+ Quadruplet of telescopes Al-GI-KO-II (maxi baseline ~130m)
» Observations of Achernar and 3 different calibrators

* |/ visibility measurements in dispersed mode (/ spectral
channels)

B rice coverase of the (u,v) plane
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DATA ANALYSIS
WITH LITPRO




MOD

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.Jsnmc.ir)



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

| TPRO

& LiTpro 0 Edit Help

00 . New settings... &N
[IEIZIL
- |/ Open settings file... 30
Close settings file BW |
Open settings url...
Open demo settings =

J Save settings... 38S




| G TD2_HRA :]

_Nﬂll—h' Date de modification

S 2011-09-22_SCI_ACHERNAR_oiDataCalib.fits Friday, November 4, 2011 10:54 AM
2011-09-23_SCI_ACHERNAR_oiDataCalib.fits Friday, November 4, 2011 10:54 AM
1 & Achernar_all_VINCI_without_U1-U4 fits Monday, December 12, 2011 6:47 PM

Thursday, December 1, 2011 12:24 PM

D\

B0
H | |. x ‘. B AsproZ.jnip Wednesday, September 14, 2( 34 PM
Thursday, December 1, 2011 12 SO PM

=3 ASpro 2.app

" LITpro.app
sda \ 3 2 10:26 PM

LITpro.jnip Wednesday, April 13, 2011 1

~Settings tree

@l Settings
» (@ Targets
' Shared parameters[0]

I Results
1= Plots

Run fit ) @ AR
4 [ Load oifile...] L_ 1 remote oifile...J @J
Provided by JBARAC

Use max iterations | | -!

Status : New model ready for modifications )




e xB @

~Settings tree

~Target list

Untitled.litprox

@l Settings

v [ Files
" File[Achernar_all_VINCI_without_
[T
' | Shared parameters[0]
» [ Results
» [ Plots

[ Run fit J

Use max iterations | | "

% | Add new target

ACHERNAR

4] | Remove |

Status : New model ready for modifications

Provided by JMMQ‘
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IEIZIF HE3L D

[ Settings tree
@ Settings
v @ Files

" File[Achernar_all_VINCI_without_

¥ @ Targets

 File|Achernar_all_VINCI_withc
" flaten_disk1
" Shared parameters[0)
¥ @ Resuks
» [ Fit Result 0
» [l Fit Result 1
» 0l it Result 2
» [ Fit Result 3
v @ Plots L
" Model image of ACHERNAR
© UV map of ACHERNAR
- Sniffer Map of ACHERNAR
1D Chi2 Slike on elong_ratiol
“ Model VIs2 of targets (1] 0.00°

Status : GUI updated with fitting results

LS )
Target panel
Ident: ACHERNAR
[ Selected file list

™ File[Achernar_all_VINCI_without_U1-Us4.fits)

~Model list

flamen_disk1

PlotChi2 (s 1D | Parameteriflux_weight2]

| Plotlog(Chi2) | () 2D | Parameteriflux_weight2]
Name Type Units.
flatten_disk 1. flux_weight2 flux_weight

flarten_disk 1 flux_weight2 flux_weight

Valuse
1.0
1.0

: | min 0.0

min 0.0
MaValue

0.0
0.0

MinValue

—

‘max 2.

max 3(
MaxValue

MaxValue Scale

180 o

|| € |xmin -30 ymin -30 xmax 30 ymax 30 pixscale 1

__ Residuals ™ Add model with cut angle 0.00

.y =% Type Units Value
flatren_disk 1.Mux_weight2 flux_weight 1
flatten_disk1.x2 x mas 0
flatten_disk1.y2 ¥ mas 0
flatten_disk1.major_axis_diameterl major_axis_dlameter mas 2.333
flatten_disk1.fatten_ratiol flatten_ratio 1.394
flatten_disk1.mincr_axis_pos_angle! minor_axis_pos_angle degrees 45.608
Fitter setup
Normalize total flux:
Select datato fit: | | ViSamp  VISphi @ VIS2 | | T3amp | | T3phi

[ Plot model panel

| Plotimage |

|  PlotUvMap || @

| PlotRadial | (@] ws2 : [

| Plot sniffermap | [ @ |xmin -30 |ymin -30 |xmax/30 |ymax /30 | pixscale 10
| Cuts in the chi2 space panel

0 |sampling 10
) sampling 10
Scale HasFixedVakue

(@)

Provded ty JAEREC




~Result panel:

~Personal notebook:

Chiz Initial= 21895.6 - Final= 313.27 - Sigma= 14.83
reduced Chi2 Initial= 199.05 - Final= 2.85 - Sigma= 0.13
minor_axis_pos_anglel=45.6082 flux weight2=1 major_axis_diameter1=2.33277 flatten_ratiol=1.39392

Fit Result 4 occured on 2011-12-15T16:56:58+01:00

Chi2 Initial= 313.27 - Final= 313.27 - Sigma= 14.83

reduced Chi2 Initial= 2.85 - Final= 2.85 - Sigma= 0.13

minor_ axis_pos_anglel=45.6082 flux weight2=1 major_axis_diameter1=2.33277 flatten_ratiol=1.39392

Iterations
Number of iterations: 2 (Max Number of iterations 200 )
Parameters

name "._Hstandard deviation(+/-) | prev_val | vimin | vmax | scale |fixed | units
flatten_ratiol ¥ 139392 0264556 (332 [T [ [avtofo |
flux_weight2 T () 0036586 I o [auto[o
major_axis_diameter] ||2.33277]|0.0344444 233277 [0 [auTo0 |mas
minor_axis_pos_anglell 45.60821 1.105 A 45.6082 ‘ 0 | 180 ‘ AUTOI 0 ‘ degreesl
x2 o | T [avto1  |[mas |
y2 o | | [ [avTO1T  |[mas
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Plot Radial @|| vis2 Residuals (M Add model with cut angle | 0.00

Plot sniffer map X S5 TAN s OeERER S0 ymax | 30 | pixscale | 10

3— — T 0.00335
: - ~ 0.00302 Frrrebrrn Prlbrrrelbrn trelbrred
2 ) -
- — [ 0.002e8 ’ 0;‘9770:3
q— — || 000235 E +
_ - 0.00201 § - -
7 N S 08— =
0— — - 000168 > - -
_ —~ = - -
— B 0.00124 g - -
-1= nl D 0.6— ~
~ 00101 s - -
— _ >
— o - -
) 0.00087 @ - -
- ~ - 0.000335 0.4— -
‘37}\ L L O o - \‘
3 2 1 0 - -2 -3 IERRER RN NN 1\\\\[1\\\"’
@ (mas, increasing towards East) 0. 1. 2. 3. 4. 5. 6. 7
10*

spatial frequency in 1/rad




INTERPRETATION

* The derived flattening ratio of
Achernar is Req / Rpol = 1,394 +/-
0,026 Masse 6 Msol

Rayon moyen 10 Rsol
vitesse eq. 280 km/s
: . Msol 2,00E+30 kg
* The staris less flat than in our 2T fso 750E108 m
VINC] fit Période 1,68E+05 s 1,95 jours
| omega 3,73E-05 rad/s
Densité 6,79E+00 kg/m3

* Predicted value from the Huygens Aplatissement 1,367
approximation: 1,367 JR— B




PIONIER

6 00 UTpro

(IE1Z1 BEEdL )

Untitled.litprox

Settings tree File panel
@l Settings Name: 2011-09-23_SCI_ACHERNAR_oiDataCalib.fits  save embedded fil... || Check embedded fil... || @ |
¥ [ Files Use Shift or Ctrl keys to select multiple tables
| File[2011-09-22_SCI_ACHERNAR _oiDataCalib.fits) OI_WAVELENGTH#2 [ INSNAME=PIONIER_Pnat(1.5348060/1.7926334) | NWAVE=7 )
piFile[2011-09-23_SCI_ACHERNAR _oiDataCalib.fits) OI_ARRAY#3 [ ARRNAME= VLTI | 4 telescopes )
v il Targets OI_VIS#4 [ INSNAME=PIONIER_Pnat(1.5348060/1.7926334) NB_MEASUREMENTS=54 |
v (il Target[ACHERNAR) OI_VIS2#5 [ INSNAME=PIONIER_Pnat(1.5348060/1.7926334) NB_MEASUREMENTS=54 )
" File[Achernar_all_VINCL_without_U1-U4.fits) OI_T3#6 [ INSNAME =PIONIER_Pnat(1.5348060/1.7926334) NB_MEASUREMENTS=36 )

~ flatten_disk1
" Shared parameters[0]
¥ B Results
» [ FitResult 0
» [ Fit Result 1
» [ Fit Result 2 =
» [ Fit Result 3
» [ Fit Result 4
¥ @ Plots
" Model Image of ACHERNAR
" UV map of ACHERNAR
| Sniffer Map of ACHERNAR L —
" 1D Chi2 Slice on elong_ratiol Show selected tables... @)
_ Model VIS2 of targets (1] 0.00° Show UV Coverage of selected tables
" Model Image of ACHERNAR
“ Model Image of ACHERNAR (
~ Model Image of ACHERNAR \

.

( Run fit ) (@) l

Use max iterations [

| [ visamMp & VISPHI
|

| [ T3AMP M T3PHI

Plot data of all OI_VIS

Plot VIS2DATA of all Ol_VIS:

Plot data of all OI_T3

Status : getModelRadialPlot process finished Provided by JEARAC




-Frame panel-

l Attach/Detach frameJ Exportas TSV... ' @

2011-09-23_SCI_ACHERNAR_oiDataCalib.fits(T3PHI )

data versus spatial frequency
6 1 T T T T T T T 1 -1 OI_T3#6:T3PHI(degrees) =

-6 1 1 1 1 1 1 1
35 40 45 50 55 6.0 6.5 7.0 75 80 85

spatial frequency (1/rad) x10”

Very small phase closure signal
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~Settings tree

@ Settings
v [ Files
" File[Achernar_all_VINCI_without_U1-U4.fits)
_L File[2011-09-22_SCI_ACHERNAR_oiDataCalib.fits]
_L File[2011-09-23_SCI_ACHERNAR_oiDataCalib.fits]
¥ [ Targets
v @ PR
" File[Achernar_all_VINCI_without_U1-U4.fits)
" File[2011-09-23_SCI_ACHERNAR _oiDataCalib.fits)
" File[2011-09-22_SCI_ACHERNAR _oiDataCalib.fits)
1 flatten_disk1

" Shared parameters[0]
w @@ Recnltc

Adjustment of the complete data set

~Target panel

Ident:| ACHERNAR
~Selected file list

“

(™ File[Achernar_all_VINCI_without_U1-U4.fits)
@ File[2011-09-22_SCI_ACHERNAR_oiDataCalib.fits]

4 lFiIe[ZO 11-09-23_SCI_ACHERNAR _oiDataCalib.fits)

~Model list

flatten_disk 1




rResult panel:

~Personal notebook:

Chi2 Initial=
reduced Chi2 Initial= 2.85 - Final=
minor_axis_pos_anglel=45.6082 flux weight2=1

313.27 - Final= 313.27 - Sigma=
2.85 - Sigma= 0.13

14.83

major_axis_diameterl=2.33277 flatten ratiol=1.39392

Fit Result 5 occured on 2011-12-15T18:30:29+01:00
Chi2 Initial= 23684.4 - Final=s 2667.95 - Sigma=
reduced Chi2 Initial= 26.08 - Final= 2.94 - Sigma= 0.05

42.61

minor_axis_pos_anglel=36.0857 flux weight2=1

major_axis_diameter1=1.91397 flatten ratiol=1.23879

Rotiemine = |,239 /- 0,005 iconcliisionts

Iterations

Number of iterations: 6 (Max Number of iterations 200 )
Parameters

NAME gt W L e deviation(+/-) | prev_val | vmin |vmax | scale |fixed | units

flatten_ratiol 1.23879 1,;»* 1.39392 |1 AUTO |0
flux_weight2 T 0331133 1 0 AUTO [0
major_axis_diameterl |1.91397|0.00326059 2.33277 |0 AUTO |0 mas
minor_axis_pos_anglel [36.0857 |0.481381 45.6082 |0 180 |AUTO |0 degrees
x2 0 AUTO |1 mas
y2 0 AUTO |1 mas
Chi2

Chi2: initial= 2.368E4 - final= 2.668E3 - sigma= 4.261E1

reduced Chi2: initial= 2.608E! - final= 2.938E0 - sigma= 4.693E-2




Squared visibility V2

V? residuals (dota—model)/error

_.
o

T

o
o

™

|

a + I
W»m

—

-4

—

Domiciano et al. (2014, A&A, submitted)
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Model free parameters fitted

Values and uncertainties

Equatorial radius: Req (Ro)“
Equatorial rotation velocity: Veq (km )
Rotation-axis inclination angle: i (°)
Gravity-darkening coefficient: 8
Position angle of the visible pole: PA;q (°)

9.16(+0.23; —0.23)
298.8 (+6.9; —5.5)
60.6 (+7.1; —3.9)

0.166 (+0.012; —0.010)

216.9 (+0.4; —0.4)

Derived parameters Values
Equatorial angular diameter: (Deq = 2R.q/d (mas) 1.99
Polar radius: R, (Ro) 6.78
Req/Rp; € =1 =Ry /Req 1.352;0.260
Apparent flattening (major to minor axis ratio) 1.30
Mean angular diameter: () (mas) 1.77
Vegsini (kms™") 260.3
Critical rotation rate®: Veq/Ve; Q/Qe 0.883; 0.980
Keplerian rotation rate®: Veq/Vi; /Qx 0.838; 0.838
Polar temperature: T (K) 17124
Equatorial temperature: Teq (K) 12673
Luminosity: log L/Lg 3.480
Equatorial gravity: log geq 2.772
Polar gravity: log gp 3.561
Rotation period: Py (h) 37.25
Rotation frequency: vy (d71) 0.644
; -1.0
Flattening = 1,35 +/- 0,03 -0 05 00
R —

0.5

1.0

Effective temperature T (kK)

13.8 14.9 16.0 171

12.7
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T ACHERNAR WITH MIDI

\v Thermal infrared signature of the
> = = wind of Achernar
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