


This course has 100+ slides

* Vot an extensive veview * But...
* Yo pretty pictures * You need to be critical!
® 100% equations — DEKS are oﬁen « L[ack Loxes »
e N, ﬁln (?) — Know the limitations
CHE S R Consistency / inconststency of vesults
your own soﬁwa’ce withit... * You need to understand the
tec/mique
— [Better obse’wing stvategues
— Be able to interpret data
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Context of this course

.ﬂnte’zfé’zomete’z
Obsewations \ x

Data

ana[ysis

:bata
veduction &

calibmtion
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LAGRANGE
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Outline

/Ly do we care so much about data veduction?
— What ae we looking fo’c.?
— What adversities are we ﬁg/zting against?

— Alll the observables
— Statistics
— Calibration
e A few imp[ementations
— AMBER data veduction
— MID I data veduction

s Conclusions
.@ &‘D) Clenatole 10/09/13: F. Millow, 2015 VLTI School, 4



“MWhy do we care sO much

about

10/09/13: F. Millow, 2013 VLTI Sehool, 5



1 of all, what ave we [ooking f;)’z.?

o 2V comp[ex c[eg’zee of [Lglzt cohetence = novmalized Fourier
j;zansfo’zm of the source L’zig/ttness

* j;tinge = cosine moc[u[ation of [Lg/tt clue to inte’g[e’zences

O, )
* The fringe contrast (L) & phase (), ot fringe visibility
( 1 - LL ei(l) )at t/w ’zecombination point measures t/u's comp[ex
c[eg’zee of [cg/zt coherence

e = _ “Tor Jummies, ZVC means: « Lewnicke & van Cittext Theorem »
2 ) maie 10/09/18: F. Millowr, 2015 VLTI Sehool. 6

1(d,)=1,|1+pcos



1 of all, what ave we [ooking fo’z.?

Science!
- - ] .
ﬁ - N | ' “l A |

€ 10 ‘l‘}' "\ ‘ \\ | ' \ \ \‘ 'r u|

g 0.5 | ]

= This course is 02f 7

L Phase (0)  dbouthowdowe o\ T _

0.0 — 1 R Ll — 0 5 1001 . a 3

0. 1. 2. 3. ‘s % get u anc[ (I) F;equezcyxﬂ( B/ﬂ%)

Différence de marche (m)
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Light beams
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Recombiner Delay line

|@ @3) Observatoire 10/09/13: F. Millowr, 2013 VLTI Sehool, 9



VLTI Delay Line Retroreflector Carriage

ES0 PR Phooo 260,00 (11 Ocsober 2000) httQ.’ c{
WWwWWw.eso.orqg

€D Queenaie




2 ) e

_F ’Q ecomb (nes

RS . Résolutions

PRIMA

. 2 télescopes
« Bande K (1.65.m)
« Astrométrie

PRIMA DDLs

AMBER

« 3 télescopes
J, H& K
simultanés (1-2.m)

-
-
" .

spectrales R=35,
1500 & 12000

MIDI

o2 telescopes

- Resolutlons
spectrales R=30
& 300

10/09/13: F. Millow, 20153 VLTI Sechool, 11



Multiaxial ’zecomb ination

2 Ove’a[ap the beams with a tilt to p’zocluce a varation of

OPD Gl"zinges of equa[ thickness)

Telescopes

1(d,)=1

Cophased and
collimated beams
from telescopes

0

1+l cos

b—2TT

o

0

A

|

X

== o
S | B
—1— (D)
= Y
)

)

O ocx

0
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Coaxia[ ’zecombination

2 Ove’a[ap the beams on top of each other. OPD is varied
with an input piston Gl;zinges of equa[ pat/L )

(7p)
g <
8 Mirror (piezo mount, speed v)
O |
g Beam splitter } 5
= ©
Cophased and %
collimated beams O
from telescopes O oyt

-

Detector

=5 ire
[ == &‘)) Cfenatol — 10/09/13: F. Millowr, 2013 VLTI Sechool, 13



1 of all, what ave we [ooking f;)’z.?

* An inte’gfe’zomete’z p’zoc[uces
—a lot of data with

—tons Q][ notse

gxamp[e: a MIDI ﬁle (Imn) weig/tts 100'”%

Max. compression tate: 8%

* A DKS aims a getting the best vesults out of all this noise

|@ @3) Observatoire 10/09/13: F. Willowr, 2015 VLTI Sehool, 14



Outline

. 'W/ty do we care so much about data veduction?
— What are we looking fo’c.?
— What adversities are we ﬁg/zting against? >
* The inte’zfe’zomet’zy obsewables
— Al the obsevables
— Statistics
— Calibvation
e A few imp[ementations
— AMBER data veduction
— MIDI data veduction

i Conelusions
|@ @3) Observatoire 10/09/13: F. Willowr, 2015 VLTI Sehool, 15



What axe the issues?

Shinge signa[ has a simp[e expression:

1+ cos

ort

1(d,)=1

Visibility can be it linearly:
R(V)=I(0)—1 I (V)=I(N/4)-1

50, thexe ave no issues. . .

|@ @3) Observatoire 10/09/13: F. Millowr, 2013 VLTI Sehool, 16



What axe the issues?

j.ake clata

Optical path difference

c uzlz—l1
’ 12+11

10/09/15: F. Millowr, 2013 VLTI School, 17



Intensité normée a 1

What axe the issues?

Igea[ clata ( p’zocessec[ )

Jor N NN L

1.5—

: m b ] 1

_‘ . ‘“ __
10— H “\," M ’IIIHH\I \\H'ﬂ | ’ ’I' ' [ y l"||“ {| ‘\ IP‘W\‘ -

_1 i\y‘- ‘HH? H‘H “H

: | " Al :

- : -

! 1 +1

0.5— -
0.0— |y I L BEEER

0. 1. 2. 3. 4. 10-5 5.
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Intensité normée a 1

What axe the issues?

Igea[ c[ata ( ’zaw)

P o P Lo |

_ 1,
15— [ | —

: \ | ’l " “l‘\ ) h ' |5 \ (' }\ \‘Il\l I|‘|_

t | Ut Al =
1.0 '!' ’|{Ll 'l| \'A" L'J‘ ﬁ “ \\,}Vﬂ ‘J \||‘ ““ j } l“ [‘ | H“f‘. “J” .llf‘ |" P\ | '7
| sid AL ’“ ™ A

- ! “ ‘ 'l“ ‘WLIH;"\

- :?|1
0.5— -
OO_ I I ‘ | | | I I I | |1 | —

0. 1. 2. 3. 4, 5.

10°°
Différence de marche (m)

Ll #

12_11
]2+11
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’?ea[ clata [ook /tke t/us

Keal Amﬁcf'ﬁalata (multiaxial)

%

Real TLUOR data (coaxial)

‘m
M\\Mw“\w‘ "Jl'l ’I"’“‘" g

Wllat means
* Multiaxial?
o Coaxial?

10/09/13: F. Millow, 2013 VLTI School, 20



What axe the issues?

Real ﬁinges have a comp[icatecl expression:

1(8,)=1,

0

1 +Hcos

ont]

.@ Q.D) Clenatole 10/09/13: F. Millowr, 2013 VLTI Sehool, 21



What axe the issues?

Real ﬁinges have a comp[icatecl expression:

—-—\

S 5,+5(1) 5,45(1)|
\1)je /'wv cos|p—211 °+‘>\ J +'1f’(f/)+0(t)

1. p/zotomet’zy unbalance
}ittez

j’cinge motion
gpectm[ decoherence
Additive bias
Additive noise

2 O Mol 10/09/13: F. Willows, 2013 VLTI Sehool. 22
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= () Qbsenvatoire
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The atmosp/ze’ze

' Atmosp/ze’zic turbulence
cells distort the thcoming

waveﬁont Turbulence \ "7

* pupi[ waveﬁont distortion

» Turbulence £ i HEHHEHH A PR

! : S /// i \>/\/ /

. .S)/Lgﬁbetween pupt[s § B G
» Viston ot OPBN i

V3 : 4
77 / /-
77
//
/.

IQ &‘D) (ol : ' 10/09/13: . Millow, 2013 VLT 9 School, 24



The piston creates 2 e[y[ects

* Shinge motion
—jime-c[epenc[ent p/tase s/tgﬁ of the ﬁinges
-> hinge p/tase is lost!

. j;tinge L/wz’zing

— Contrast loss due to finite intequation time ; :
-> Fringe amplitude is lost! &

1(5,,1)=c "

AT S0 Leeey 10/09/13: . Millow, 2013 VLTI Sehool, 25



jlte tu%Lu[ence

/
4
/

Turbulence




€2 ) e

jlte tu%Lu[ence

1
A
1
1
I\
\ 7N
casasl

10/09/13: F. Millowr, 2015 VLTI School, 27



jlte tu%Lu[ence
/z\\/ pturb — ¢ o

: ll/(lsibi[ity ’Leclucec[ Ly waveﬁont vatiance ovex pupi[

> Ytuwrbulence small =D small effect (IR interferometry)
> Reduce telescopes size (SUS.I, NPOI)

» Use adaptive optics (better solution)

5 Use another technigue to flatten the wavefont

&2 € oi
2 () Wmae 10/09/13: F. Millowr, 2013 V-LTI School, 28



Modal ﬁ[te’zing

° A pin/zole p[acec[ in an af;)ca[ system ﬁ[te’zs out waveﬁont

corrugations

Pinhole
-y =N t |
f‘ﬂ\.

W2 ‘:,/j'f, : 3bse i
i QD) LR 10/09/13: F. Millow, 2013 VLTI School, 29



Modal ﬁ[te’zing

* 4 monomode optica[ ]%e’z does the work even better
— The couugatec[ paxt of the waveﬁont (s ’zejectec[ [9y the ﬁ[ae’c

T Co’wugatecl wavqﬁont > ﬂux vaations

Monomode fiber

&

&

Core Energy dissipation by
Cladding €vanescent waves

T QD) (TREE 10/09/13: F. Millowr, 2013 VLTI Sehool, 30



Modal flin

]+1

I~ +\/] [ u’ucos P— 21‘[

® s t’zansﬁ’zmec{ into

t)+1,(1) O,
\/I ):1-pcos|d—2TT—
0 }\

0,

]~

A
That’s why we have | f R b
ignals looking like that: | i
Slgna : H‘» A A wlk 4 . Nh| AN 1"\1 ‘M" OPD T Vt
n'\'lv""n I1,|4l } \ ll J“I“’l-’l l "y N/ \ \J in Coaxial
q l} ! V',
> 1

e QD) Closenatoie 10/09/13: F. Millowr, 2013 VLTI Sechool, 31



What are the issues?
p/zotomet’zy unbalance

* In case of unbalanced beams, the inte’zﬁ’zogmm becomes:

I +1 S

a b

I1(d,)= > +\1 I, pcos

1(d,)=1,

0 1+ cos

6()
b2 "7)
. p/zotomet’zy is variable ( scinti[[ation, a[ignment, ﬁ[te’zing ):

I (t)+1,(t) 0,
1(d,,1)=—" > —++1 (¢)1,(t)pcos d)—ZTTT

o nstantaneous contrast becomes biasea’ Ly:
21 1,=0.94if1=21,
J +] = 0.57 if 1,=10 |,
a b

,@ §(3) Clenatole 10/09/13: F. Millowr, 2013 VLTI Sehool, 32



What are the issues?
p/wtomet’zy unbalance

The solution: p/wtomet’zic channels

R
(7))}
q) :\
(@N | -
Q S
co— O
D = 0
o) o
— Cophased and e
3 m——
collimated beams
| =

from telescopes

* Weasure | £ and 'b using shutters beﬁne 01 aﬁe’z taking ﬁinges
* Wonitor p/totomet’zies simu[taneous[y

=22 N) Observatoire _
areenze QD) Sliiilini 10/09/13: F. Willowr, 2013 VLTI Sehool, 33



What are the issues?
5 pect’za[ c[eco/te’zence

. j;zinges are not exactly cosine due to spectm[ bandwidth

1(d,)=1, 1+fx2 p cos
\%
ff\/\/f\/\\/\\//\/\w\%%

ﬂ Sclwo[, 34




What aze the issues?

5 pect’za[ c[eco/te’zence
* Witha square ﬁ[te’z:

O )=1 |1+sinc|?2 i 2 60)-
I( O)— ,| 1+sinc TTH ‘Ucos|Pp— TTT
Packet size

x .Czl;zinge contrast ts Op:b-clepenc[ent! g A=RA :

* How to cope with that? M/\/\/\/\/\N\A

—Beat OPD o ! SRS

3 Fringe size
— Increase spectm[ vesolution K i=)

&= @)) Obseryatoire 10/09/13: F. Millow,, 2013 VLTI School, 35



What are the issues?
Biases

e 4 Ltas (s some ac[c[itive va[ue witlc non-zeto mean

S gxamp L AI\{ISEjER Sky brlghtness .
— Detectot bias _E 1:
— Thetmal backg’zoum{ ) M\:\l:z;io R
— EM detector pe’ttu’tbations AMEiER Daepf’sure

— Photon noise bias

. Jw/ow to cope wit/z it?
— Estimate it and subtvact it!

Spurious fringes mduced by eIectromagnetlc
disturbances (Li Causi et al. 2007)
bservatoil
&&) LneEnege 10/09/13: F. Millowr, 2013 VLTI Sehool, 36
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W/Lat axe tlte issues?
/4clclitive notses

* A noise is some additive value with a zevo mean
. Cfxamples:

— Photon noise ﬁom the source

B i AR e T e

— Detector noise

e How to cope with it?
— Statistics!
— Evvor estimates!

= QD) Observatoire 10/09/13_- 73 Wlillou’z, 2013 VLT Y S)c/wo[, 37



5 ummary

Real ﬁmges have a comp[ccatecl exp’cesszon

O +6()

1. p/zotomet’zy unbalance
}itta

Shinge motion
gpect’za[ decoherence
Additive bias

Additive noise
== (D) Quenatoire

S ©mox aob

‘M cos

10/09/13: F. Millow, 2015 VLTI Sechool, 38



A note about « visibility »

o « Visibility » is often vefevred as the fringe contrast
& not the comp[ex vLsiLi[ity of the object
* The measured visibility is not the visibility of the object:
— Instrument s tesponse is not 100% (polarization, vibvations)

—/4tmosplze’te ql%cts ﬁinge contuast (jitte’a, turbulence)

o “Tvom now on, « visibi[ity » Means unca[i[omtea/ ﬁinge
contrast ( to make it simp[e. it )

.@ §(3) Clenatole 10/09/13: F. Millowr, 2015 VLTI Sehool, 39



Outline

. 'W/ty do we care so much about data veduction?

— What ae we looking fo’c.?

— What adversiti
-inte’g[e’zomet’zy obsewa
— Al the obsetvables
— Statistics
— Calibration
e A few imp&mentations

— AMBER data veduction

— MID I data veduction

. Conclusions
.@ &‘)) Clenatole 10/09/13: F. Millowr, 2015 VLTI Sehool, 40

are we ﬁg/zting against?




L

/4[[ t/ze obse’wab [es

V X

€& O eraie

Complex coherent flux:

[r—

a,b__.[ ya b @b
C =\ 1 1 IJinst+atm l'Iobjcct
a,b
ua,h _ C
Visibility: object [ )
\WAvARIT)
K&' inst +atm
2 a,b a,b
¢objcct —arg ( C )

10/09/13: F. Millowr, 2013 VLTI Sehool, 41



/4[[ t/ze obse’wab [es

In real life:

<o @) Obseryatoire

V X

Complex coherent flux:

[r—

Cu,/)z\"flull).u a,b

inst+atm l'Iobjcct

Spectrum
Visibility squared
Differential phase

Closure phase
Phase reference

Differential visibility
Coherent (or linear) visibility
“differential closure phase”

Closure amplitude

10/09/13: F. Millowr, 2013 VLTI Sehool, 42



How do we get cohetent ﬂux?

. .ﬂmage-p[ane method (s) e jou’zie’z-p[ane method (s)
—ﬂmage space ﬁinge-ﬁtting — Fringes look like a cosine

> ABCD, P2V > signature is a sing[e peak in the
— We get cli’zectly R& of the Fourier p[ane
coherent flux — Amplitude of the peak = coherent flux
so:_ Data o #ﬁ‘ | I’;h T _pllase Oj[tlle pea.k T p/lase
/v —il—
>- D ‘T;‘ — o :;O ’ 0 Optical path difference | ’ uOZiBO/I '

2 ©) i 10/09/15: F. Willows, 2013 VLTI School. 43



ABCD vs Founier

. .ﬂmage-p[ane method (s) e jowzie’z-p[ane method (s)

— Strong a prioti — Mo a priovi except
(model of the ﬁmges) « ﬁinges ook like a cosine »
—Extra data needed to builld | —Extra data needed to intequate

ﬁinge mode! ﬁinge peak
—Optimizecl: the ﬁinge packet is | —Wot optimizec[: a ﬁinge packet
modelized ustng the instrument s not ’zea[[y a sine wave

itse!f

10/09/13: . Millowr, 2015 VLTI School, 44



Visibility estimator
* Cohetent ﬂux:
Ca’bZ\/]a]b‘H. a,b

inst +atm . l'lobject
o Vlsibility:

a,b |Ca,b|
uobject_ \/]a ]bl..l

Inst+atm

Ia}t\.s@‘ @)) Obseryatoire 10/09/13: F. Willow, 2013 V-LT 9 Sehool, 45



Outline

. 'W/ty do we care so much about data veduction?
— What are we looking fo’c.?
— What adversities are we ﬁg/zting against?
* The inte’zfe’zomet’zy obsewables
— Al the obsevables
— Statistics
— Calibvation
e A few imp[ementations
— AMBER data veduction
— MIDI data veduction

i Conelusions
|@ @3) Qbservatoire 10/09/13: F. Millow, 2013 VLT 9 School, 46



Visibility estimator
C a, b

a,b -
Hobject 4@
AN

* WModulus * Product

* Division 2 Squa’te root

,@ &(3) Clenatole 10/09/13: F. Millow, 2013 VLTI School, 47



./4mp litude of a comp lex number

V=pe'®, (n)=0

Voo o= V+n <|V‘2> -
V| = ‘V+n‘ B
<V'> = <‘V+n‘>?? —

V
v

: j;zansf;)’ms a zexo-mean noise into a bias

<\V+n|2>

2>+<2*R[Vn )

2R [V ()l

P +llaf

— Coection = estimating the bias. Mere, bias= variance of the noise

10/09/13: F. Millowr, 2013 VLTI Sehool, 48



Division of 2 numbers

Let x = o+n, and y=B+n,, <x>=<y>=3, onh;=cn,=1

— _How to average Z = X[y ? 15
—Let's ty with 7, = <x/y>
(1000 samples)

1.0

x/y estimate

Such estimate is highly biased!
Bias c{epencls on the noise!

ot 1 Ll 11 | T N | I | T T S|

#tries



Division of 2 numbers

. go[ution 1

— De-bias the estimator
z, = <x/y>/ (1 + oy [ <y>?)

x/y estimate

ol 1 1 Il | IR T N | N | T T T |
10 20 30 40 50

.@ (D) Quenatire

#tries



Division of 2 numbers

. go[ution 2

—Use an unbiasec[ estimator

Z, = <X>/<y>

.@ (D) Quenatire

#tries



You used to fea’z clivicling [)y zero?

Now fea’z clivw[ing Ly a notsy variable!

19— &@ Clnatole 10/09/13: F. Millow, 2015 VLTI Sehool, 52



’W/u[tip lication of 2 numbers
* [5 ca’zqﬁtl when mu[tip[ying 2 vandom variables!

X = a+n; and y=p+n,

1.5

Z, = <Xy> Z, = <X><y>

Xy estimate

0.5 P B R B | PR IR N SR I | P I T B
200 400 600 800 1000

.@ Q.D) Cbsvasole #tries 10/09/13: F. Millowr, 2013 VLTI Sehool, 53



.S’qua’ze 100t of 2 numbers

X = a+n; and y=[+n,

1.55 Z, = <sqgrt(x)>*<sqrt(y)>

|

Z, = sqri(<x><y>)

-
i

sqrt(xy) estimate

200 400 600 800 1000
#tries 10/09/13: F. Willow, 2013 VLTI Sehool, 54




Visib i[ity estimator tecipe

’ GO fo’z squa’zea/ visibi[ity./ Avoid piy[a[[v!
— Extract | C°| (cohetent qux) fo’z each ﬁame
— Estimate 12 and 1° fo’z each ﬁame

— E'stimate noise variance <|n | 2>

— Caledlate n2 =<|V|2> Ly
(<] C*®|%>-<|n]|%>)/ <I?> <IP>

raw squa’zec[ visibi[ity
o And then?
= Ca[ibmte!

Y : oi
QD) Qbsgrvatolre 10/09/13: F. Millows, 2013 VLTI Sehool, 55




A féw examp[es cireular oé/ects

n —2 174 um _
o Visibility measures typical size of the object N g 2 . continuum near Bry
e btgge’t the object, the lower the thbtltty g 04 —— _|
— A bounce in wleilvi[ity s a sign of a S/la’tp eclge in the image gi - Weigelt et al, 2007 | | =
— A modulation of visibi[ity s a sign of lvina’zity 0.8 L | ;.'=2.16_61I um |
> g:r;/n?gl)sslon
. = 06 F \ -
*n Car obsewed with AMBER 2 L0 ]
02+ N -
‘Y Phe observed Wlt/l VINCI ol = =, |
R PP S S =
L y 4 L VLTI/VINCI — PHOENIX sph.}
- *’ Wittkowski et al. 2004 b yPhe (M4 111 PHOENIX pl.
3 03¢ 12 o015 < ATLAS 12 pl. |
-_E; H = .-\l‘l.‘.»\x ‘l) pl. |
= :; 0.010} |
A
5§ ‘ - '\ / N\ ]
;. ”‘2-_ ;T ().()()5: \\ // \\ _
: | : \\ \\ :
0.0 : \ e . u.mm.’.f‘i{..._‘-A_lu._._-“‘x\.\.‘?":

@ S Observatoire 0 50 100 150 200 250 140 160 180 200 220 240 260 280
&( 4 dete COTE 0 AZUR SR A
LAGRANGE 3

Spatial frequency B//.“ (1/arcsec) Spatial frequency B/A_(1/arcsec)



Visibility

A few examp[es: binanies

O Cen MDsress

10771717717
12— |
1.0: | ,“1"] J ‘H‘ | :_
| M ) }H f S| [
0.8 | ‘ S 05+ R
0.6 - \ \\A ]
0.416 - ‘ | A 510 | . | | 1b0 11111 OOL 1\ L 1 1 1 1 JAI | W
0 50 100 150

B/A (cycles/arcsec) Spatial Freauency (cvcles/arc—second)



Visibility

A few examples: binanies

HDsre43

O Cen

1.0
0.8/
0.6}

0.4
0

¥

5IOI II100‘I

B/A (cycles/arcsec)

1.0 T T T T

150
Spatial Freauencyv (cvcles/arc—second)




A féw examp[es: what can go W’zong?

A= 3
Bene carss QO) Cheenatole 10/09/13: F. Millow, 2013 VLT 9 Sehool, 59



What about p/tase?A

’Q emembe’z, c[ue to t/te atmosp/te’ze:

s j;zinge motion

- ime—c[epenc[ent p/tase s/tgli of the ﬁmges

-> Shinge p/tase is lost!

/ ()

b-2m— }Q)

10/09/13: F. Millowr, 2013 VLTI Sehool, 60



What about p/zase.?

* Phases are lost in [ong—base[ine inte’zfe’zomet’zy

o How to wo’zk t/zat avound?

—get a p/tase which do not need a ’zefe’zence
* Closure p/zase

—Find a way to ’zefe’zence the p/tase ( set the « zero p/zase » )
* « Phase ’Leﬁ%ence »: use a ’ug@’zence stax c[ose-[ay

®« :Z)Q%’zentia[ p/tase »: use a wave[engt/u c[ose-by

|@ @3) Observatoire 10/09/13: F. Millowr, 2013 VLTI Sehool, 61



i gl

¢°5

$*23

-

"1 +92, = G2+ 055 42, — 4% + 05y + 027 — 25
CI)123 ¢+ O 23"'(|) 31

19— &é) Rt 10/09/13: F. Millow, 2015 VLTI Sechool, 62
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Closure p/zase

Closure p/wlse cannot be obtained with p/zases sums!
it
Noise!
Additive noises pwc[uce a p/lase wrapping
wmppec[ noisy pltases have a top-/tat distribution, when noise vaviance is /ug/z

cp=0.1 rqqq

o =n/4 op=n

t -0.5 ’
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Closure phase
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Closure p/zase

* Closute pltase cannot be obtained with p/tases sums!
+ gtay n comp[ex p[ane to avoid p/tase wrapping:

® Phase of the bispectum = closure phase

. /4mp[ituc[e of the bispectwm = V12V2 3V31

.@ &(3) Clervasole 10/09/13: F. Millowr, 2013 VLTI Sechool, 65



Closute p/zase examp[e

* Closure p/tase measutes asymmelutes

— A non-zevo closure p/zase means asymmetiies in the object

_/4 zexo c[osu’ze p/tase means. . .

* Closure p/zase s not
stmig/tyl;)’zwa’u[ to interpret!

o
T v ™

Phase closure.
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