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Outline

* Technical issue with astrophysical origin
(chromaticity)

* Method of image reconstruction solving the
problem

* Application on the VLTi/PIONIER Herbig Ae/Be Large
Program
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What do we want to image ?

dust inner | outer disk
rim (mass reservoir)

Dullemond & Monnier 2010
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Chromaticity issue

1.0

HD 142527

. Enyirdfﬁngnti

Wavelength A (nm)

Malfait et al. 1998

Monochromatic approach is not appropriate
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Current images
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SPARCO : Semi-Parametric Approach for
image Reconstruction of Chromatic Objects

IPA

o

Stellar model Image YSO
(AT AG) 4 (2-F) (A /A Frot

: stellar-to-total flux ratio at A,
: spectral index of the environment (temperature)

Kluska et al. 2014, A&A, in press, arXiv 1403, 3343.
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IPAG

Institut de Planétologie

Real value
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IPAG
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HD98922

PIONIER survey of Herbig
Ae/Be stars

31 nights of observation

55 stars observed
~12 imaging targets

08/04/2014 J. Kluska - - Imaging of YSO
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Images from PIONIER

Blind©, Lazareff
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Images from PIONIER
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Images from PIONIER

« HD100453

IPAG
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Images from PIONIER

« HD100453

IPAG

LI L O R
%2:#16.4655 %2#15.5637 %2=15.5109 X216.4045

/7 170 170

-/ \ -/ \ -/

TT T T T T T[T T I T TT
2,
X°=18.1363

-

/7 N\
\ -/

-

1.0e-03

9.0e-04

L N R S
T I O T I
T T T[Tl T 1T
T T T O T B
T T T[Tl T 1T
T Y T T T B
T T T T [ Teel T 1T
TN Y O T O T BN
RSN

T T N VI

T R I
REEEREEEEREEE
2

X=8.46684 .

8.0e-04

7.0e-04

6.0e-04

5.0e-04

4.0e-04

|
[
%2=1.60125

3.0e-04

2.0e-04

1.0e-04

BN AR

T T I A

P . 0.0e+00

HD100453
RN F RN FE RN FEEEN EEE 3.76+00

%2=1.76829

3.4e+00

3.1e+00

2.8e+00

%2=2.07346 %2=1.26589 %2=0.756641 %2=0.64941 %2=0.809226

2.5e+00
2.2e+00

1.9e+00

1.6e+00

N T T Y T A I A TR N A A
1.3e+00 5 0 -5 5 0 -5 5 0 -5

9.5e-01
denv=—1 denv=0 denv=1

L 6.5e-01
-4 -2 0 2 4

J. Kluska - IPAG - Imaging of YSO




Herbig Ae Be Workshop - Santiago
IPAG

| ma g es fro M P ‘ O N | E R

« HD100453

Distance (mas)
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Images from PIONIER

Semi-minor axis

* Azimuthal profile
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Images from PIONIER

Bpshe BgVe BgVne
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IPAG
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ProDiMo (TM) full physics modeling
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To conlude...

SPARCO method is helping to analyse
interferometric dataset without strong constrains

Analysis in the image space
Need for simultaneous photometry

Unresolved component ? (also seen by e.qg. Eisner et al. 2007,
Y €9

Tannirkulam et al. 2008, Benisty et al. 2011)

— Inner gazeous disk ? Refractory grains ?

Azimuthal variations in the disk = Variability

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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Perspectives

Follow-up observations on some variability
suspected objects

Comparing to RT models & adding other
observations (spectroscopy, ...)

Image reconstruction (SPARCO + 3D) + lines

Looking for a postdoctoral position to continue my
work.

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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MWC158 (data epoch1, model LP

Closure phase
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IPAG
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IPAG

Institut de Planétologie

Chromaticity issue

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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IPAG

Institut de Planétologie

Chromaticity issue

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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Images from PIONIER
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Images from PIONIER

1.0e-03
° 9.0e-04
8.0e-04
7.0e-04
6.0e-04

5.0e-04

1.0e-03
9.0e—-04 4.0e-04

8.0e-04 3.0e-04
7.0e-04 2.0e-04
6.0e-04 1.0e-04

5.0e-04 N Na1nNN

4.0e-04 1.0e-03
3.0e-04 9.0e-04
2.0e-04 8.0e-04

1.0e-04 7.0e-04
0.0e+00

6.0e-04

5.0e-04

4.0e-04

3.0e-04

2.0e-04

1.0e-04

0.0e+00

08/04/2014 J. Kluska - IPAG - Ao (mas)




Herbig Ae Be Workshop - Santiago

s Chromatic image
reconstruction

Model image uv-plane Simulated V2 (high SNR) Simulated CP (high SNR)

D &

IS4

107
Bmax/n

monochromatic mira image reconstruction monochromatic parametric mira image reconstruction MiIRA/SPARCO Image reconstruction macim/sparco image reconstruction

¥2=9.5] I x2=923]

T T T T T T q

T T
x2=12] x2=12]

Kluska et al. (subm.)
08/04/2014 J. Kluska - IPAG - Imaging of YSO
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Tomin

‘ " Dusty Wind |
Dusty Disk
P{otootar X

Sublimation Radius rg, Dust-Free Disk

Bans & Konigl 2012

* Shape of the inner rim ?

* Asymmeties ?

-4 -2 0 2 -

08/04/2014 J. Kluska - IPAG - Imaging of YSO - .
o Isella & Natta 2005
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romatic image
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Chromatic image
reconstruction

HR5999 - K — {0=22%

relative & (mas)
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IPAG

Chromatic ima geE
reconstruction

Stellar model
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IPAG

Institut de Planétologie

° Y S O : | HD98922

— Complex environment
— Model independent
— H>6

 PIONER:

— 4 Telescopes / 3 contig.
— Sensitive enough..
— Spectral dispersion

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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IPAG

Institut de Planétologie

* YSO

 Near infrared

« Two components B

(at 15t order)

3 104

Wavelength A (nm)

10

Malfait et al. 1998

08/04/2014 J. Kluska - IPAG - Imaging of YSO




Herbig Ae Be Workshop - Santiago
IPAG

Institut de Pl e

Herbig Survey

« HD100453

HD100453 HD100453
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IPAG

Herbig Survey
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IPAG

What are we imaging ?

e YSO
 Near infrared

* At least 2 components
— The star
— Its environment (~1500K)

stellar photosphere

Fa (arbitrary units)

environment
at 1500K

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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IPAG

Institut de Planétologie

reconstruction

* 3D-approach (x,y,A) :
— MiIRA-3D : Thiébaut & Soulez (2013)

= -10=
= 0=

— Squeeze : Baron et al. (in prep.)

Soigos
7|||||||l||
-30 -20 -10

Model independent spectra
2 hyper parameters to tune

Sampling of the wavelengths :

A lot of pixels

Interpolation

wavelength (nm)

Thiébaut, Soulez & Denis (2012)
08/04/2014 J. Kluska - IPAG - Imaging of YSO 38
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Chromatic image
reconstruction approaches

» 3D-approach (x,y,A) :
— MiRA-3D : Thiébaut & Soulez (2013) [

— Squeeze : Baron et al. (in prep.)

Thiébaut, Soulez & Denis (2012)

08/04/2014 J. Kluska - IPAG - Imaging of YSO
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Chromatic image
reconstruction approaches

* 3D-approach (x,y,A) :
— MiIRA-3D : Thiébaut & Soulez (2013)

— Squeeze : Baron et al. (in prep.)

2 hyper parameters to tune

Sampling of the wavelengths :

A lot of pixels

Interpolation

08/04/2014 J. Kluska - IPAG - Imaging of YSO Thiébaut, Soulez & Denis (2012) 40
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Chromatic image
reconstruction

* SPARCO : Semi-Parametric Approach for imarge

Reconstruction of Chromatic Objects (kluska et al., subm.)

* Adapted on MiRA, MACIM and Squeeze.

08/04/2014 J. Kluska - IPAG - Imaging of YSO




Kluska et al. in prep.
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IPAG

Institut d

Herbig Survey

« HD45677

HD45677 HD45677

Bmax/\
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IPAG

Institut de Planétologie L
et d’Astrophysique
de Grenoble e r I g l I rV e y

HD98922

« HD98922

HD98922

F.=37%
T =1650K
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Herbig Survey
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« HD100546
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Figure 1. Magnetic (red squares) and non-magnetic (black points) HAeBe
stars plotted in an HR diagram. The open circles correspond to HD 98922
(above the birthline) and IL Cep (below the ZAMS) that fall outside of the
PMS region of the HR diagram, whose positions cannot be reproduced with
the theoretical evolutionary tracks considered in this paper. The cesam PMS
evolutionary tracks for 1.5, 3,6, 9 and 15 M@ (black full lines), 0.01, 0.1, 1
and 10 Myr isochrones (blue thin dashed lines), and the ZAMS (black dot—
dashed line) are also plotted. The birthline taken from Behrend & Maeder
(2001) is plotted with a blue thick dashed line. The convective/radiative
phase transition is overplotted with an orange triple dot-dashed line.



