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Data reduction in context

theory or proposal

hypothesis

4

empirical Eervaﬁﬂ
research
analysis & data reduction
interpretation >
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Is there a problem?

Simple expression for the fringes:
1(0)=1 [1+Re(7/-e"k6)]
with the complex visibility ¢/ = V-e'*
=N(T)+i3(V).

= The visibility can be estimated in an easy form:

R()=10)/1 -1
(V) =1(2)/1, -1
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Scientific inference

model space data space

degeneracy

one set of model one set of
parameters {rm} measurements {|.}
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Forward Problem

model
parameters

model image I
. (o)

ideal
interferometer F (uij)

v
instrument &

atmosphere fi= vifluy)
v

beam combiner {/p}, e.g. /p =0.5 (f;; +f5,) + Re{flzezisp}
v

dete;tor r,=g,(l,+6n,)+b,

m— —
S — ]

raw data

N ——— e

{.}, eg. {n}=1{d, d,, s, b}
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Forward problem

1(d) =1, :1+Re(f(/.e-fk6)]

Using the identity e’ =cos & +isinO :

I(0) = [1+Re coscp ké /sin(cp—ké)))]

iy [1+Vcos(cp ké)]
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Forward Problem *

ES+
o)
+

* [dealised formula:  /(§ )=/ [1+V-cos(cp—k6 )]
p 0 p
* More realistic raw data:

t t
(8)=1,, ””‘” e nitem (0

e om0, sinc(Ak(é (t)+3_ (t)))'
2

V(Uij) *COS (cp(Uij) — k(éins (t) + éatm (t)))] :
g(t)+n(t)+b(t)
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Noise — the atmosphere

Turbulence distorts the <+
the incoming wavefront Q

U 1) piston = OPD N QQQ

3 2) pupil wavefront TN O
distortion >~ Nl

\ \\\
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Noise — piston

Piston leads to a
movement of the
fringe packet in
OPD space.
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Noise — piston

delay d [mm]

H and K band fringes with
AMBER of HD 048433
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Noise — piston

The piston has two effects:
* Time dependent phase shift
U fringe motion phase lost
* Fringe blurring
U fringe amplitude lost

W [ phase shifts
I0,)=1_, @ V() COS(cp(Uij) - k(@ins (t)45 (t)))]
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Noise — pupil distortion

* Reduction of visibility due to
phase variance over the pupil

& small telescopes
& adaptive optics
& wavefront filtering

>

pupil 1
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Noise — pupil distortion

Spatial filtering:

T
KoV 1

corrugated pinhole cleaned
wavefront wavefront
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Noise — pupil distortion

Modal filtering:

|
%

GQ

corrugated fibre
wavefront

/
V

cleaned
wavefront
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Noise — pupil distortion

Photometric fluctuations can be monitored:

photometry A: |,

telescope A

pest—r—

~

A A e A R
] 7\ J . Pa
WA VIR Wt v "

f ilh A,
21 H A
\\/wﬁ\,w WH

=

telescope B

dichroic

photometry B: |,

’\\”‘\/J{\ NJ.VU”“\J L“

beamsplitter J
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Spectral decoherence

Typically not only a single wavelength is observed:
|Idealised example of the K band: A =2.2um, AN =0.4 um

1.0 iy i H

o
8

O
U

intensity | [normalised]
o
o

optical path difference d [um]

07/09/2015 Konrad R. W. Tristram 19



Spectral decoherence +E©§+
+

Remember? I(ép) =1 [1 +V- cos(cp — kép)]
Actually: — I(k,8 )=t(k)- /O(k)[l +V(k)- COS(CP(/() - kép)]

= 1(8,)= [ tlk)-1,(K)[ 1+ V(K)- cos( k) -k ) | dk

Limited band pass t centred on k, and /,, V, ¢ constant:

=13 ) = /0[1+V°f(%'ko)‘c"s(cp‘koép)]

Fourier transform of the band pass
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Spectral decoherence

Example: top hat function

Ak
....... —
0 if k—kO > Ak ;
? r T
tik)=rect(k)=1 L if |k—k =2 o o
1 if k—kO < Ak IR
2 0.0
kO
y ik sin(m- x
frect(k)-e2 “ dk = (e x)
Yoo T X
= sinc(st- x) A
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Biases & noise

* Bias: additive value with non-zero mean, e.g.
—detector bias
—thermal background
—EM detector perturbations

O Estimate and subtract it!

* Noise: additive value with zero mean, e.g.
—photon noise from the source / backgound
—readout noise

& Average it away!
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Inverse problem

model
parameters
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= — {r,}
- raw data B
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Inverse problem
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parameters
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(1) Debias & flat fielding

If there is significant dark current present:
Science Frame
Science Frame

ﬂ
. \ O
' Dark Frame \
Bias Ima‘e / .\ Output Image |:| / .

— B e
./ Flat Field |maV'

Output Image
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(2) Extraction of the coherent flux

Three different methods:

— Fourier and ABCD (e.g. MIDI and PIONIER):
take a Fourier transform to extract the oscillating part

— P2VM: pixel to visibility matrix (e.g. AMBER):
least squares fit of the fringes in the image plane

— Coherent integration (e.g. MIDI):
determine and remove the group delay and then integrate
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(2a) Fourier method

201 ' ' ' 1 0.5 ;
T | = 0.4 3
3 15 Q g
e g 03 3
2 10} z
> = 0.2 .
:
I= 0.5 S 01 g
0.0 [ O-O ﬂ PR .J. I\. PR | (AR T .S N T I T TR TR TN [ T T S 1
- 0.0 0.5 1.0 1.5 2.0 2.5 3.0
frequency [1/um]
400
—-27ikd
flk)= [1(8)-e
—00
07/09/2015 Konrad R. W. Tristram 28



(2a) Fourier method
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(2a) Fourier method
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(2b) ABCD method

Optimised Fourier
Method — ABCD:
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(2c) P2VM method

20r I I I B
E 15 Ip - ERe(fijWijp)
£ |
2 10}
g 05 pixel corr. carrier
- intensity  flux  waveform
O.O0
pixels p
Rewrite this as a matrix equation:
[=M f
vector of pixel intensities / /\ \ vector of coherent fluxes
V2PM

07/09/2015 Konrad R. W. Tristram 32



(2c) P2VM method

Forward matrix equation:
[=Mf

Backward matrix equation:

f=HI
estimate of / T \ estimate of
coherent fluxes P2VM pixel intensities

Only pseudoinverse matrix exists — least squares fit:

2

minimise x> =|/ - MHI
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Coherent integration

Coherent flux estimate very noisy.

FT

& Need to know the fringe motion:
77— SB

beam splitter

1) External fringe tracker

2) Different channel

3) Baseline bootstrapping Kq»(j;?? —3)
12 2 b,

4) Group delay & phase delay

& “phase rotation” — coherent integration
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(In-)Coherent integration
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Calibration

Ty = vyfluy)

S

* Antenna-based gains: y; = n;n;
—pupil misalignment

fringe degradation factor

—spatial / modal filtering
& photometric calibration

* Transfer function calibration
—fringe corruption
—imperfect optics

O observations of calibrator stars
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Calibration — photometric calibration *

ES
0
+

phot. A: F, = n,F(0)

telescope A /\
= 7 [ _ e.g. power spectrum:
=3 » \\/’ p;=n;n; [Fluy)|?
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phot. B: F; = ngF(0)

2
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Calibration — transfer function

Data from the Keck interferometer:
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Calibration — transfer function

PIONIER data:

Visibilities: Closure phases:
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Summary

Interferometric data reduction
Is a well chosen sequence of:

* Calibrations (additive & multiplicative)
* Averaging of data

* Fourier Transforming

* Data fitting

07/09/2015 Konrad R. W. Tristram 41



Summary

e Data reduction in context

* The forward problem
—atmospheric piston & pupil distortion
—spectral decoherence
—bias and noise sources
* The inverse problem
—debias & flatfielding
—coherent flux extraction (Fourier, ABCD, P2VM)
—integration (coherent & incoherent)
e Calibration
—photometric calibration
—transfer function calibration

07/09/2015 Konrad R. W. Tristram 42



