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Astrometry

= measurements of the positions and movements of stars /

cglobal astrometric precision: o

trigonometry
Earth’s precession

astrolabe

Hlpparchus (190 120 BC)

astrolabe

p 6 x 10~ > rad

20 arcmin ~

cye

3 x 10~ % rad

~ ] arcmin ~

celestial bodies

1
g nura

p 30 arcsec

2

¢

1.5 x 10~

ad

angular resolution: o,

res

catalogue of 1022 stars

' Almagest]

Ptolemy (100-170)

Book of Fixed Stars]

> o 1 Lk | — \]T
t_e\all)aumlj_us&«m sy A_%»
Wm}éstw Gkl ;1,45.;3 t"' ?ﬁm
4 ‘.LoL.l bas “L | 1
2p o e SIS ¥y 0 o
&SU ‘Myﬁjxua‘M\ Sl Sie g 3= Rhedols .»;w\.»,»:.u i |
""“3“"3““' Lo e 9-»’1;%-‘!.! Py oA ] I (0 13 |
Fotdl U‘*‘-“’«/v%"w“q}éﬂ Tl n T At pous i
Jm\‘"}’) ‘—M“)Ag,{l}(‘jb\g,_jm, -l sl DL \_,-uj?y;
. —i A0 P ICE
EES W W) e Te 23 F A PRTEY I Fie
WIEEEAREE |12 B
ALY :g.\\,bw.t\)»\&m* T L A
Lo 13lad o1 O 1573 P DL =
2 ‘w\w 142 iy A E——
- — ,X} - -
g L N ST }_ e | ' ‘MUW’M‘ 7.
\—4— 7 N 5 < d; AL -'4.?-— M-b\‘ac'ﬁlf% | ‘ h
' /-7 / "y .!..‘.'.".f‘. e b 1)
W - ™ fiee ¢ - é = 4"
Z 2 | ] (gf :Ei ,:f-i>.7-" MJ\Y‘%“”‘ |
- 5 - A , _( ek} in
7 Bie A ;;i;q'-».é.:z.- —--wv;—ﬁ |
~% X e N VA1 | e [ s [ i M a N (A W
| e t gy R Q_; O, & ) U

Abd al-Rahman al-Sufi (903—986)

| srrecacaincsy sTave ToR ) ‘
A OB ME T A AT AR g¢

o 1
£ -3 4 ’
. . i 2 O = .
o= , '4,"
o TR ’ S R p——
“;ﬁ &+ .< “ S ETAES SRR i
1 - 1 - A 3
— . M
5 n ; -~ N
- - - FER 38
> 7~ . - S - .
. - JA ~' , /
<! ’ ’ P
N T

g J.-:

Tycho Brahe (1546 1601)



Ground-Based Imaging Telescopes

A
min{ D, ro}

O-QI'GS ™~

Astronomical Seeing

ro < 30cm = g9 2> 0.4arcsec

- -
- NS

______

Keck Observatory D = Trg




Ground-Based Imaging Telescopes

A
min{ D, ro}

O-QI'GS ™~

Astronomical Seeing

ro < 30cm = g9 2> 0.4arcsec

- -
- NS

______

Keck Observatory D = Trg




Space-Based Imaging Telescopes
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Spectrographs
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Amplitude Interferometers
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Intensity Interferometry

sub-pas resolution and even better differential light-centroiding precision




Intensity Correlations
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Intensity Correlations
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Intensity Correlations

Two Sources
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Intensity Correlations
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Extended Path Intensity Correlation

)
N—T_ T A N—"" T A
/l y I
b 1\ lo Ngl o L
= Lo\ /o >~ — . — o ,II i — 9
path extension 21 1N /o 2 path extension{ 2 /o 2
J I \ / E \) W i WV
I i
I I
7 Nt | \ e N

subaperture Splitting< ‘
spectral splitting< /u \ AN N AN

TE== =
Ltime delay
correlation




Extended Path Intensity Correlation
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Extended Path Intensity Correlation
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Extended Path Intensity Correlation
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Extended Path Intensity Correlation
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Extended Path Intensity Correlation
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Future Phases of EPIC
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Phase III | 10m 3ps 20,000 10 0.0564 0.924 0.696
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Multi-Channel Spectroscopy
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Signal-to-Noise Ratio
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Light-Centroiding Precision
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Atmospheric Aberrations
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Atmospheric Aberrations
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Atmospheric Aberrations

A

FOV with path extension

//'*/ vy A
90/_%//

Qseelng

FOV without path extension o

--------------------------------------------------------

M PHH
— i
2 <=

I
TTTT]
 —
-
L

10?
k [,um_l]

0,, |arcsec]



Outline

1. Introduction to Astrometry 3. Scientific Applications
e eye balls and imaging telescopes e binary orbits
e spectrographs e exoplanets
e amplitude interterometers e stellar microlensing

e (zalactic acceleration

2. Intensity Interferometry o cosmic distance ladder

e quasar microlensing

e basic idea
by DM substructure

e extended path invention
e projected performance
e technical details



Outline

1. Introduction to Astrometry 3. Scientific Applications
e eye balls and imaging telescopes e binary orbits
e spectrographs e exoplanets
e amplitude interferometers e stellar microlensing

e (Galactic acceleration

2. Intensity Interferometry o cosmic distance ladder

e quasar microlensing

e basic idea
by DM substructure

e projected performance
e technical details



Scientific Applications

sub-pas resolution and even better differential light-centroiding precision

on sources separated by less than a few arcseconds
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Binary Orbits
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Galactic Acceleration

Angular acceleration at D =1kpc

e

S, N v 7
Iv/v//\\\
Iv/v/v/p\b\
P, T T S ¥V —

‘v

« * Tl

—p e e P > 4
— e > vy W
=TT = >y 4w —
— B - ~
SO 1 .
. AW

\ r




Stellar Microlensing
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Stellar Microlensing
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Cosmic Distance Ladder
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Conclusions

sub-pas resolution and even better differential light-centroiding precision

on sources separated by less than a few arcseconds

new astrophysical applications

expansion rate of the Universe

dark matter substructure at sub-stellar masses

“Let us then consider some of the immediate programmes which a more
sensitive intensity interferometer might tackle, bearing in mind that the
most tmportant results of research may well prove to be those which one

cannot foresee.”
— Hanbury Brown, 1974



