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The AMBER/VLTI instrument

Interferometer using single mode waveguides
Spatial filtering of the turbulent wavefront

With a multiaxial “all-in-one” recombination scheme
Fringes spatially coded on the detector
All fringes coded together in the same interference pattern

For 2 or 3 telescopes, in the near infrared

Resp. 1 or 3 baselines
In J (1.25pm), H (1.65um) and K (2.2um) bands
Achieves an angular resolution of 6 ~ 2mas

Allowing spectral dispertion
R = 35,1500, 10000
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Beams Input
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The beast

Injection into fibers:

K-Band
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The beast

cylindrical optics: beam compression
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The beast

cold optics: spectrograph, detector

AMBER data
reduction

E. Tatulli

What is
AMBER?

In a few words
In principle

In reality

In questions

Spatial filtering

Interferometric

Equation
Principle
Analysis

Data reduction
Overview
Calibration

Fluxes
Estimation

Observables
Limitations

Conclusion



The beast

Calibration and Alignement Unit (CAU}
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The AMBER/VLTI instrument

Interferometer using single mode waveguides
With a multiaxial “all-in-one” recombination scheme

for 2 or 3 telescopes, with spectral dispertion
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The AMBER/VLTI instrument

Interferometer using single mode waveguides

What is their effect on the interferometric signal?
How can we use this in the data reduction process?

With a multiaxial “all-in-one” recombination scheme

for 2 or 3 telescopes, with spectral dispertion
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The AMBER/VLTI instrument

Interferometer using single mode waveguides

What is their effect on the interferometric signal?
How can we use this in the data reduction process?

With a multiaxial “all-in-one” recombination scheme
What is the proper AMBER interferometric equation?
What is specific about it?

for 2 or 3 telescopes, with spectral dispertion
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The AMBER/VLTI instrument

Interferometer using single mode waveguides

What is their effect on the interferometric signal?
How can we use this in the data reduction process?

With a multiaxial “all-in-one” recombination scheme
What is the proper AMBER interferometric equation?
What is specific about it?

for 2 or 3 telescopes, with spectral dispertion

What are the observables of AMBER?
How to estimate them?
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Deriving the AMBER interferometric equation AMBER dats
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Analyzing the AMBER interferometric equation

the AMBER interferometric equation

DC' component AC component
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A linear relationship between the and the

complex visibilities can be derived
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Analyzing the AMBER interferometric equation

the AMBER interferometric equation

DC' component AC component
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= L0 — k k
A linear relationship between the and the

complex visibilities can be derived

@ Need to estimate the DC component
The fraction of flux that goes from photometry to DC

v, = F'ay,
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@ Need to know characteristics of the intrument
The shape of the interferogram: the carrying waves
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o Requires a calibration of the instrument: v}, ¢/, d//
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The squared visibility
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The squared visibility

Estimation

V2IE <Ri-72+l"-72> —Bias{R”2 +]i-7'2}
=i 4 (P Pi) 33, vioy

2 2
<Pp > < Pjix >

o Visibility Vi the internal source (CAU)

@ Quadratic bias: photon and detector noise

@ Loss of spectral coherence: finite coherence length L.
o Atmospheric jitter

Fringe motion during the integration time:
Must be calibrated on reference source
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Error of the visibility

Semi-empirical formula
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Error of the visibility AMBER data

reduction
E. Tatulli
Semi-empirical formula What is
2 /_\_/2 C?,j 4 C’L] 2 2 <P12P32> = <P’LP‘7>2 Al\rl:/LBfwav?vords
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Error of the visibility

Semi-empirical formula

s .. .. 1‘2 -2 8 75 D)
2R 1 [(cim, - (evpy,  (PPP), — (PP

—2 .. 2
|Vii |2 M (IC92)

Empirical computation
Bootstrapping!

(BIEE
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Current limitations

@ VLTI status: vibrations along the ,
no fringe tracker, low limiting magnitude
Potentially non stationnary: absolute calibration?

20¢ -

Frinae SNR

o Careful check of evolution of the transfer function
(more than 1 calibrator)

@ Fringe selection + jitter dispersion

o Strong effort from ESO to identify/suppress sources of
vibration
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Current limitations

@ VLTI status: vibrations along the ,
no fringe tracker, low limiting magnitude
Potentially non stationnary: absolute calibration?
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Frinae SNR

o Careful check of evolution of the transfer function
(more than 1 calibrator)

@ Fringe selection + jitter dispersion

o Strong effort from ESO to identify/suppress sources of
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Current limitations AMBER data

reduction

E. Tatulli

o VLTI status: vibrations along the , Whatls
no fringe tracker, low limiting magnitude BOZst

n principle
Potentially non stationnary: absolute calibration? In reality

In questions

Spatial filtering

Interferometric

Equation
ETT i 2 Principle
TEEET %%HH . Analysis
Data reduction
00

Error (no unit

Overview
Calibration

Fluxes
Estimation

Observables

o Careful check of evolution of the transfer function linflertars
(more than 1 calibrator) Conclusion

Frinae SNR Selection %

@ Fringe selection + jitter dispersion

o Strong effort from ESO to identify/suppress sources of
vibration



In summary

The AMBER data reduction process:

o fit of the interferogram in the detector plane
allows fourier fringe peaks overlaping
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In summary

The AMBER data reduction process:
o fit of the interferogram in the detector plane
allows fourier fringe peaks overlaping
@ uses a priori of the instrument: 1'/’;_, (‘;.',', (/;",/
1. requires a calibration step < the “P2VM" computation
2. the calibration matrix needs to be accurate and stable
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In summary AMBER data

reduction

E. Tatulli

What is
AMBER?

The AMBER data reduction process: In 2 few words

In principle
In reality

o fit of the interferogram in the detector plane In questions
allows fourier fringe peaks overlaping Spatial filtering

Interferometric

@ uses a priori of the instrument: v/, ¢,”, Equation
. . | e o ! Principle
1. requires a calibration step < the “P2VM" computation Analysis
2. the calibration matrix needs to be accurate and stable Data reduction

Overview

o [M]=] 1[V] — Inversion of the calibration matrix Callration
Estimation

o the observables are: e

Limitations

1. the modulus of the visibility: spatial extent o

2. the closure phase @ 3 telescopes: geometry/asymmetries
3. the differential phase @ spectral resolution: kinematics
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