


ASTRA science - ExoPlanets

ASTRA

Phase-referencing at the Keck Interferometer

* Focus is on direct detection of the
astrometric proper motion wobble of
the host star

* Due to the missing outriggers (Keck
version of the AT’s) for political
reasons (not technical!) there is
currently no effort to compete with
an ESPRI like survey program

« ASTRA technology allows to observe
both ExoP’s and the Galactic center

« Concentrate on a few key ExoP
systems and on being most sensitive
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ASTRA science — disks

ASTRA

* First scientific results in on-axis self-phase-
referencing (SPR)

« Science verification on a Be-star disk (lead:
J.-U. Pott, submitted)

 YSO observations (lead: J. Eisner, submitted)

Phase-referencing at the Keck Interferometer

* Next slides will show some performance
numbers, and ideas on what to do with the
data

17

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.del



. ASTRA science — SPR performance

Phase-referencing at the Keck Interfe
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On bright targets we achieve
unprecedented differential
performance:

70 sec ‘shutter open time’:

Afluxratio = 0.003

AV? = 0.007

A@ = 3mrad (0.2°) =~ 3pas on sky,:0.
-> centroiding precision:10-3

SNR limited, longer integrations
could further improve on this
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[Pott et al. 2010, submitted]
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48 Lib:

disk emission zones
(face-on view)

ASTRA science — Science Verification on a Be disk

« Both the differential V2 and A¢ :
are important model constraints :

disk continuum:
@FWHM = 1 65 mas

Averaged Pfund line-profile

| stellar continuum:
: unresolved

Keplerian disk: |v(R)| o RO.5

Pf,g WR=1.0
Vpeak = +230 km/s
<PChifts = 0.9 mas
<@FWHMs= 1 7 mas

4

Bry: /R =1.8

3 Vpeak

rotation of

%

= +150 km/s
< PChift »= 2.1 mas
<@"WHM> = 1.6 mas

disk and prograde
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Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.de] [Pott et al. 2010, submitted]
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ASTRA science — SPR gives new constraints
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« SPRis of particular interest,
when line profiles can be
spectrally resolved (SPR
resolution is ‘only’ 150 km/s),
and if several lines are available
(BrGam, Hel, Pfund series, CO
band heads etc.)

Time resolved measurements
can probe precession of disk
material

» Spatial resolution can help to
distinguish Keplerian disk
motion (vel a R?5) from outflow
| inflow scenarii

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.del



ASTRA science — technical remarks

ASTRA

Phase-referencing at the Keck Interferometer

* New observables require
refinement of data analysis:

— refinement of wavelength calibration
with internal and external calibration

— use of adequate stellar templates, of
the required spectral resolution, to
properly calibrate the total and
correlated fluxes (NIR spectroscopy
not that standard yet)

— line profile modeling is required to
interpret the visibilities best

-> Apply single-telescope
spectroscopy recipes to IF data
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ASTRA science — technical remarks
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« Dispersion may limit the precision
of the differential phase estimate
and phase-referenced imaging

— Group delay tracking minimizes the
dispersion of air-filled compensation of the
geometric delay

— broad-band phase tracking alone (like
FINITO) is less adequate

— if the fringe tracker does not run in the
science band, you need to take into
account the additional differential
dispersion of water vapor to get optimum
Ao calibration

— use fringe tracker as immediate
performance logger -> fringe selection

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.del

Residual phase when
GD tracking with air-
filled delay lines [from
Colavita’99]:

Alum]- [rad]

20 - 0.72
21 - 0.16
22 - 0.00
23 - 0.13
24 - 047




. ASTRA science — imaging with one baseline only?

o .y . Rin = 0.12-0.15 AU

@ ° [Transitional disks appear to be gt/ .
S partially depleted of inner dust at % Rowc = 300 AU
O

Q sub-) AU scales

X

_..CIC_"> Cartoon based on LkCa |5 model from

i . . Espaillat et al. 2007, 2008

> * Is a companion responsible for

S clearing the hole and for the NIR

(O]

k) excess?

o

£ * 85m baseline give 10x better

resolution than aperture masking, but
worse iPSF

V773 Tau CoKu Tau/4 [Ireland+ 08]
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ASTRA

Phase-referencing at the Keck Interferometer
[ ]

2 99 % (95 %) of the field-
of-view are rejected
Brighter companion
solutions appear to be
co-aligned with each
other and with the Ki
baseline -> probably
artificial solutions

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.del

]
s

]

Binaries with one baseline

- 20

- At 99.7% confidence level . |

DM Tau binary solutions
FR > 0.05

[Pott et al. 2010, ApJ 710..265] o
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Binaries with one baseline -

AST

« Statistical analysis of the position
angle of the solutions

S

5

€ . Atthe 30 (10)-rejection level, there is L - —
£ no solution with FR 2 0.08 (0.05)

o outside a

S PA: 20+20 deg

< * The probability of having two (three) M

T T
H ‘ GM_Aur

co-aligned binaries in our five-target
sample is 3% (0.4%)

-> more than half of the sample does
not harbor a binary \wm” | |\

30-rejection
; 5 il || Il ||| h

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.de| : 1o-rejection

[Pott et al. 2010, ApJ 710..265] =
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ASTRA science with DFPR
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Summarizing the binary analysis [Pott et al. 2010, ApJ 710..265]:

Kl observations are

« are sensitive to binary companions with flux ratios
comparable to the near-IR excess fraction observed for these
sources

« exclude almost all of the probed binary parameter range,
down to companion flux ratios of 0.05 and 2.5 mas (3.5 AU)
separations; this flux ratio limit translates into a companion
mass limit of 0.1 M, for our target stars

« reject stellar binarity as the dominant mechanism in creating
a transitional disk appearance
trick: combine statistically the observations of several targets

ASTRA-DFPR will significantly increase the number of YSO

— targets in which we can search for companions, and resolve
26 the sub-AU scale emission

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.del




ASTRA - conclusions
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« SPR (on-axis phase-referencing) is in full operation
and provides differential visibility and phase
constraints at the precision
-> ASTRA success motivates to spread the
technology: MIDI+PRIMA (Mueller, Pott et al. at SPIE
2010), AMBER+PRIMA, MATISSE+PRIMA...

DFPR (off-axis phase-referencing) is currently being
commissioned, and will increase the YSO sample size
accessible to the Ki

-> model-dependend imaging information at mas res.
-> first on-sky performance test will soon probe the
isopistonic patch to estimate increase of sky coverage

« AST (narrow-angle astrometry) is designed, and the
hardware implementation is ongoing. The YSO / planet
related science will focus on a few ExoP systems

Contact: Jorg-Uwe Pott, MPIA, jpott@mpia.del



