“La vraie faute est celle
qu’on ne corrige pas ...”

Confucius



An introduction to optical/IR interferometry

Brief summary of main results obtained
during the last lecture:

L ‘ ff g I'C.m)exp{-i2I1 (ug +vn)}dE dn‘

V= b/lz(O,u,v)

1'¢m = [[y ©,uvyexp{i2ll(Eu+nv)}d@d(v)

- For the case of a 1D uniformly brightening star whose
angular diameter is ¢ = b/z’, we found that the visibility
of the fringes 1s zero when A/B = b/z’ = ¢ where B is the
baseline of the interferometer

- For the case of a double star with an angular separation
¢ = b/z’, we found that the visibility of the fringes 1s
zero when A/2B =b/z’ = ¢



An introduction to optical/IR interferometry

5 Light coherence
5.5 Aperture synthesis

Exercises:
- the case of a gaussian-like source?

- let us assume that the observed visibility 1Y ,,(0,u)l

of a celestial object is Icos(1TuB)l, please retrieve
the intensity distribution I’ of the source



Case of a double point-like source with a flux ratio =1

Visibility function (green=imaginary)

0 1 2 3 4
- normalized resolvability (SIZE=1.0)

> .
5 : :
g 00} .
-0.5F :

' ]

-1.0 A A ' ; -

0 1 2 3 4 5

Spatial Frequency



Case of a double point-like source with a flux ratio 0.7/0.3

Visibility function (green=imaginary)
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Variation of the fringe contrast as a function of the angular
separation between the two stars:




If the source is characterized by a uniform disk light distribution,
the corresponding visibility function is given by

I 2J. (6. B/ A
U= ‘}/ (O)‘ TF(]) ) 1( UD )
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SW Virginis
M7.3 Il semi-regular variable in 1996 & 1997
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9,p = 1653£0,14 mas

0,8 % =081

Fréquence spatiale (cycles/ arceec)
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with |’

Imax — Imin

= -IIHL'HI + ,”]-g-”




For the case of the Sun:
dyp = 1.22A/ B =1.22 0.55/B(n) =30’ x 60”* / 206265
B(u) =206265x 1.22x0.55/(30x60)=76.9 u

d(u)=720r 144 = o=2.44)/ d=7.8%r 3.9°

See the masks!






First
fringes
on the
Sun:

9/4/2010




OVLA PSF




OVLA Sun 2




ELSA PSF
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ELSA Sun 24




Interferometric observations
on 10/4/2010 of Procyon,
Mars and Saturn, using the
80cm telescope at Haute-
Provence Observatory and
adequate masks (coll. with
Hervé le Coroller) ...










Procyon
B=12 mm
d=2 mm







Saturn
B =4 mm
d=2 mm




Saturn
B=12 mm

d=2 mm
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—

= 6 Some examples of optical interferometers

29






First fringes with 12T




* Amntoine Labeyrie, “Interference fringes obtained on Vega with two
optical telescopes,™ Astrophys, J. L71-L75 (1975)
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6 Some examples of optical interferometers
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An introduction to optical/IR interferometry

6 Some examples of optical interferometers

The Auxiliary Telescope Array on top of Paranal

Auxiliary Telescope
ton BRwith its bult-in
Transporter

http://www.aeos.ulg.ac.be/HARI/
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6 Some examples of optical interferometers
Interferometry to-day is:

Very Large Telescope
Interferometer (VLTI)

*4 x8.2m UTs
4 x1.8m ATs
« Max. Base: 200m







Cerro Paranal
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= 6 Some examples of optical interferometers
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VLTI delay lines

VLTI (Chili)



uv plane coverage

uv plane:
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Note: uv plane coverage for an object at zenith.
More generally, the projected baselines must be
used.



Examples of uv plane coverage

Dec -15 Dec -65




How does the uv plane coverage affect imagery?

4 telescopes, 6 hrs 8 telescopes, 6 hrs
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6 Some examples of optical interferometers

Interferometry to-day is also:

The CHARA
interferometer

c6X1Tm
telescopes

 Max. Base:
330m




N T e

Halt-millien-galion water ® :
tank in case of fire . : 150-1o0t solar tower

100-inch tefescope F—

&ﬁ"&'.‘f‘.:&.. - L Witldos Obesrestory

Museum
‘sm Manager's '\’ _ _

Light pipes to
central facility

| Six CHARA Array
1-meter telescopes

CHARA Array of Georgia State University
a CHARA facilities are imdcated with a bold outhne
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6 Some examples of optical interferometers

Interferometry to-day is also:

Palomar
Testbed
Interferometer
(PTI)

* 3 x40cm
telescopes
* Max. Base:

110m




An introduction to optical/IR interferometry

6 Some examples of optical interferometers
Interferometry to-day

is also:

Keck
interferometer

*«2x10m
telescopes
« Base: 85m
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6 Some examples of optical interferometers
Interferometry to-day is also:

Nullin interferometry

» Measurement of « stellar leakage »
* Allow to resolve stars with a
a small size interferometer

I

Star o




An introduction to optical/IR interferometry

6 Some examples of optical interferometers

Interferometry to-day is also:

Tipton sweep, mull = 0.039 Tipton swoop, null « 0.0001

——————— —————————— - - —y—
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6 Other examples of interferometers: ALMA
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6 Other examples of interferometers: DARWIN
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7/ Some results

Star Spectral Luminosity Angular diameter
type class % 10~ seconds of arc

« Boo K2 Giant 20

« Tau KS Giant 20

a Sco M1-M2 Super-giant 40

B Peg M2 Giant 21

o Cet Mée Giant 47

a Or M1-M2 Super-giant 3447

variable :

Table 2.1. Stars measured with Michelson’s interferometer.
From Pease (1931).
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7/ Some results

-
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An introduction to optical/IR interferometry

8 Three important theorems ... and some applications
8.1 The fundamental theorem

8.2 The convolution theorem

8.3 The Wiener-Khintchin theorem

Réf.: P. Léna; Astrophysique: methodes physiques de
I” observation (Savoirs Actuels / CNRS Editions)
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8.1 The fundamental theorem

a(p,q) = TF_(A(X,y))(p,q),
a(p,q) = f [ A(x, y)exp|- 27 px + qp )}fxdy,

S .
with L ’////1/

p=x /(\f)
q=y /(\f)

_ 7
///
4
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8.1 The fundamental the

ne distribution of the comp

orem

ex amplitude a(p,q) in
ne Fourier transform of

ne distribution of the comp

T
the focal plane is given by t
t
the entrance pupll plane.

ex amplitude A(x,y) in
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8.1 The fundamental theorem




An introduction to optical/IR interferometry

8.1 The fundamental theorem

Démonstration

A(X,y) exp(i2mvt), (8.1.3.1)

A(X,Y) = A(x,y) exp(ip(x,y)) Po(X,y). (8.1.3.2)
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8.1 The fundamental theorem

Démonstration
A(X,y) exp(i2mtvt + i), (8.1.3.3)
O =d(MIN)-d(O J N), (8.1.3.4)

P =210/ A\ (8.1.3.5)
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8.1 The fundamental theorem
Démonstration

= -d(0O, K) = -|(OM u)|, (8.1.3.6)
A(X,y) exp(i2m(vt - xx'/Af - yy'/Af)). (8.1.3.7)
p = X/Af, g = Y/, (8.1.3.8)

exp(i2mvt) A(X,y) exp(-i2r(xp + yq)). (8.1.3.9)



An introduction to optical/IR interferometry

8.1 The fundamental theorem
Démonstration

a(p,q) =fR2A(x, y)exp [—iZJr(px + qy)] dxdy, (8.1.3.10)

a(p,q)=TF_[A(x,y)](p,q) (8.1.3.11)
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8.1 The fundamental theorem
Application: Point Spread Function determination

A(X9Y) - AO PO(X9Y)9 (8 1. 1)

P,(x,y) = I1(x /a) II(y/a). (8.1.2)
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8.1 The fundamental theorem

al2 al2

a(p,q) =TF _[A(x, y)kp,q) = f on exp[— i27(px + qy)]dxdy (8.1.3)
-al2 -al2
al? al?

a(p,q) = A, fexp[— iZszx}ix f exp[— i2frqy]dy (8.1.4)
-al?2 -al?2

a(p,q) = Ay a2 [sin(npa) / (mpa)] [sin(rtqa) / (;wga)l. (8.1.5)

i(p,q) = a(p,q) a'(p,q) = la(p,a)l* = |h(p,q)|* =
= ig @* [sin(tpa) / (mpa)]? [sin(rqa) / (mga)]?. (8.1.6)
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8.1 The fundamental theorem
Application: Point Spread Function determination

Ap = AX" /(M); Aq = Ay’ /(M) = 2/a > Ad, = Ad,. =2Na (8.1.7)
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8.1 The fundamental theorem

Application: Point Spread Function determination
when observing a star along another direction

Y =210/ N =2r(xb/f + yc/f) | A, (8.1.5.7)

A(X,y) = Py(x,y) A, exp[2int(xb/f + yc/f) / A]. (8.1.5.8)

al2 al2

a(p.q) = A, f exp| -2im(p-b/ fA)x] dx f exp|-2im(qg—-c/ fA)y|dy (8.1.5.9)

Sin(ﬂ(l?—b/f/l)a))(sm(”(q‘C/f)“)“)) (8.1.5.10)

a(P>Q)=Aoa ( ;z(p—b/fﬁ)a Jr(q—c/f/l)a
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3.1 The fundamental theorem
Application: Point Spread Function det

h(p,q) = TF_(P(x,y))(p,q)

2 2,2 3

At § itp.q)

q

P 081/ R 15 R,=0)
i(p") = la(p" P~ (Ag M2 [R221,(Z))/ Zy ~R221(Z) /2, (8.18)
withZ,=2nR,p /(M) andZ, =2n R, p  / (AD). (8.1.9)
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BESSEL FUNCTIONS (REMINDER)

Integral representation of the Bessel functions

: ' . cos{n?— xsin
J,x) = j: cos[xsm(ﬁ)]c]ﬁ J, ) = j: [n9 (9o

Undefined integral Graphs of ths Jo(x) and J,(Xx) functions

¥ J @)= x J (%) i

Jo(z)

Series development (x ~ 0):
Jo(X) = 1 - x2/22 + x4/(2242) - x®/(2%4°62) + ...
J(X) = x/2 - x3/(2%4) + x°/(2%426) - x"/(2?4°6°8) +-1-
J,(X) = (2 / (mx))"? cos(x - nit/2 - w/4) ... and when x is large!
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8.1 The fundamental theorem

Application: Point Spread Function determination
X=pcos(B),y=psin®), p=p cos(0)/(Af),q=p sin(0)/ (Af).

(8.1.5.13)
a(p',0") = 4, f}f : jf exp[—2inpp'cos(6-6")/ (Af)] d(6 - 0" pdp

(8.1.5.14)

/ / / 2R2 2R2
a(p,0')=a(p')= 4,7 22 J(Z,)- Zl J,(2)) (8.1.5.15)

2 1
Z, =27R, o et Z =22R 2 8.1.5.16
y) %= lﬂ.f (8.1.5.16)

. ' r\|2 2 4 Jl(ZZ) :

Pourlecas R =0 i(p)=|a(0') =4(4,) Rz( - ) (8.1.5.17)
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3.1 The fundamental theorem
Application: Point Spread Function det

h(p,q) = TF_(P(x,y))(p,q)

2 2,2 3

At § itp.q)

q

P 081/ R 15 R,=0)
i(p") = la(p" P~ (Ag M2 [R221,(Z))/ Zy ~R221(Z) /2, (8.18)
withZ,=2nR,p /(M) andZ, =2n R, p  / (AD). (8.1.9)
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3.1 The fundamental theorem
Application: Point Spread Function determination

p(=r)=1227Af/D (D=2R,, R,=0). (8.1.5.18)
2 r, | |d |
7 [ &z(p)p 7 ¥
ano i(p)pdp (8.1.5.19)

h(p,q) = TF_(P(x,y))(p.q). (8.1.5.20)



