Urcsillagaszat — a fantazia és tudomany
talalkozasa

Kiss L. Laszlo
MTA Csillagaszati és Foldtudomanyi Kutatékozpont

Csillagaszati Intézet




Csillagaszat és a gyakorlati haszon

A csillagaszat alapkutatas — nem varhaté azonnali alkalmazas.

Az a0 kérdésfelvetés, aminek a megvalaszolasahoz
technologiat kell fejlesztent.

17—18. szazad:
* tokéletes optikak
* toldrajzi helymeghatarozas

20-21. szazad:

e tOkéletes muszerek
* szamitastechnikai fejlesztések
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Global Positioning System (GPS)

Alkalmazott égi mechanikal

Smithsonian National Air and Space Museum Raj I e
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JOSA LETTERS

Image sharpness, Fourier optics, and redundant-spacing interferometry

J. P. Hamaker, J. D. O’Sullivan, and J. E. Noordam
Radio Observatory, Dwingeloo, The Netherlands
(Received 2 February 1977; revision received 7 May 1977)

We give a simple proof of the image sharpness criterion S, introduced by Muller and Buffington. A close
connection with interferometric techniques for diffraction-limited imaging is pointed out. The method of our
proof provides indications on the limited validity of several other sharpness criteria.

In a recent paper, Muller and Buffington! discuss a num-
ber of criteria that can be used for the real-time dy-
namic cancellation of phase errors introduced by atmo-
spheric turbulence. In particular, they show that maxi-
mization of

s-[[reax, (1)

where X is the image coordinate vector, produces an
error-free diffraction-limited image. - The proof they
offer for this assertion is cimbersome and fails to pro-
vide any insight into the physical meaning of the optimi-
zation process. We offer the following simple and illu-
minating proof.

KAccording to a basic relation in the theory of Fourier
optics, 2 I(x) is (apart from scale factors which are ir-
relevant in the present context) the Fourier transform
(FT) of the product of the mutual coherence or visibility
function V(u) in the entrance pupil and the optical trans-
fer function T(u):

I(x)~ELe y(u) T(u) . (2)

T is the autocorrelation function of the pupil function
P(u):

T(u) = j’ fp(w) PHw+u)dw . 3)

According to Parseval’s theorem, then

5L=”.rz(x)cm=”'] Vw2 | Ttw)|2au . 4)

ew)— elw+u)=®(u) independent of w . (8)

By expanding € in a Taylor series,
e=a+bh-u+tu’Cu+...; (9)

and substituting, one recognizes that no terms beyond
the linear one can exist. Thus,

ela)=a+b.u. (10)

The constant « is of no consequence. The tilt b corre-
sponds to a shift of the image. Apart from this shift,
maximizing S leads to a perfect diffraction-limited
image.

Before discussing an interesting parallel with radio-
astronomical imaging techniques, we must at this point
briefly digress on the concept of redundancy as it is
familiar to radio practitioners. As Eq. (2) above indi-
cates, a single measurement of the visibility function
for each separation u present in the pupil would suffice
to construct the image. This is indeed the standard
practice in radio aperture synthesis, Its basic measur-
ing device is the correlating interferometer, consisting
of two antennas and an electronic correlator. Once the
visibility values have been obtained, the image can be
constructed with an optical transfer function 7(u) which
can be arbitrarily specified. Radio interferometer ar-
rays are therefore preferably laid out with “minimum
redundancy, ” i. e., as many different separations as
possible are realized with a given number of antennas.
On the other hand, the presence of redundant element

Wifi: Legyen On is milliomos csillagisz!
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We give a simple proof of the image sharpness criterion S, introduced by Muller and Buffington. A close
connection with interferometric techniques for diffraction-limited imaging is pointed out. The method of our
proof provides indications on the limited validity of several other sharpness criteria.
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Urfotometria: mire j(’) azr

Nagysagrendi ugrasok a tényességmérés relativ pontossiagdaban

Uj fizika
¢ 100%: Mirak, (szuper)novak

* 1-10%: Geometriai és fizikai (pulzalo, eruptiv és
kataklizmikus) valtozoécsillagok

* 0,1%: Fedést exobolygok — torrd jupiterek

* 0,0001-0,01%: Nap tipusu csillagrezgések, exoholdak,
exofoldek, 2¢?
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Urfotometria: mire j(’) azr

Az arbéli mérések célja

A foldi 1égkor zavard hatasaitol mentes adatgytjtés

A nappalok és ¢jszakak valtakozasaitol mentes mérések

* Fotonzaj-limitalt adatok (0,1% — 1 milli6 foton)

e Kis taves6 — tényes csillag!
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Exobolygok: 51 Pegasi (1995)

ARTICLES

A Jupiter-mass companion to a solar-type star
Michel Mayor & Didier Queloz

Geneva Observatory, 51 Chemin des Maillettes, CH-1290 Sauverny, Switzerland

The presence of a Jupiter-mass compe a.star 51 Pegasi is inferred from observations
of periodic variations in the star'§ radial velocity. Yhe companion lies only about eight million
kilometres from the star, which wo se-weh-iniside the orbit of Mercury in our Solar System.
This object might be a gas-giant planet that has migrated to this location through orbital
evolution, or from the radiative stripping of a brown dwarf.

NATURE - VOL 378 - 23 NOVEMBER 1995 355
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Mas csillagok napfogyatkozasai

Fedési exobolygdk: a bolygd elhalad a csillag el6tt, és
kitakarja. Ebbol megallapithato, kiszamithato,
detektalhato:

* avalés méret (a csillagsugar aranyaban)

OGLE-TR-113 P=1.43250 (days)

* asurtseg ME. T PR
* a bolygo szerkezete! i s =

,71 - .o , p 146 ~| ] L A ) ) | T bl 1 1 [hsa) (e LT
* a bolygolégkor szinképe N

* avisszavert fény it :

* a bolygolégkor szerkezete W"‘

* acsillag 1égkorének szerkezete

W3 — =1




A Ke]:_)ler—ﬁrtévcsc’i

ICARUS 58, 121-134 (1984)

The Photometric Method of Detecting Other Planetary Systems

WILLIAM J. BORUCKI AND AUDREY L. SUMMERS
Theoretical and Planetary Studies Branch, NASA-Ames Research Center, Moffett Field, California 94035

Received August 10, 1983; revised January 18, 1984

The photometric method detects planets orbiting other stars by searching for the re
light flux or the change in the color of the stellar flux that occurs when a planet trar
transit by Jupiter or Saturn would reduce the stellar flux by approximately 1% whil
Uranus or Neptune would reduce the stellar flux by 0.1%. A highly characteristic colo
an amplitude approximately 0.1 of that for the flux reduction would also accompany t
could be used to verify that the source of the flux reduction was a planetary transit ratl
other phenomenon. Although the precision required to detect major planets is alre
with state-of-the-art photometers, the detection of terrestrial-sized planets would re
sion substantially greater than the state-of-the-art and a spaceborne platform to avoid
variations in sky transparency and scintillation. Because the probability is so small
planetary transit during a single observation of a randomly chosen star, the search pro
designed to continuously monitor hundreds or thousands of stars. The most promisi
to search for large planets with a photometric system that has a single-measurement precision of
0.1%. If it is assumed that large planets will have long-period orbits, and that each star has an
average of one large planet, then approximately 10* stars must be monitored continuously. To
monitor such a large groups of stars simultaneously while maintaining the required photometric
precision, a detector array coupled by a fiber-optic bundle to the focal plane of a moderate aperture
(=1 m), wide field of view (=50°) telescope is required. Based on the stated assumptions, a

s
detection rate of one planet per year of observation appears possible. Ra ] I 7
A \




A Kepler-turtaveso

A Kepler célja Fold mérett, lakhatd
bolygok felfedezése a fedési modszerrel.

Szimultan észlelt tobb mint 150 ezer
csillagot (2009-2013).

95 cm-es belép6 nyilasa Schmidt-taveso,

latbmezeje mintegy 100 négyzetfok,
42 CCD-bdl allé6 mozaikkal

Fotometriai pontossag:

A zaj <20 ppm 6,5 6ranyi mérés utan
egy 12 magn. Nap tipusu csillagra

=> 4-szigma detektalas egy exofold
tranzitja esetén.
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A Kegler—ﬁrté.vcsc'i

Focal plane electronics Sunshade
15 minute integrations |

42 CCDs
read every
3 seconds

1.4 m diameter
primary mirror

 0.95 m diameter
Schmidt comector

105 sq deg FOV

Focal plane assembly:

CCDs, fédfr ea ngl eses
fre @i dnce nsors

Focus ‘
mechanisms

Radiator and heat pipe
for cooling focal plane

Graphite cyanate
structure




A Kepler-urtaveso

HAT-P-7 fénygsrbek ~
Foldi megfigyelések .

~ Fényesség

A Kepler mérései.
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A rovidperiodusu bolygok gyakorisaga
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neptunuszok

mini- gaz-
neptunuszok oriasok
Bolygdméret (Fold-sugar egységben)
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14. tebruar: 715 4y bolygo

Exoplanet Discoveries
T T T ‘ T T T T ] T T T T ‘
B Previously Discovered
W Previously Discovered by Kepler

b Today's Kepler Announcement

Discovery Year
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Kepler-trtaveso
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2013. majus: A 2. elromlott lendkerék

Photometer

Star
Trackers

Reaction

Wheels (4)

Thruster ~~V High Gain
Modules (4) Antenna
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K2-misszi1o

Kepler’s Second Light: How K2 Will Work i
\

Photons of sunlight exert pressure
on the spacecraft. If properly
positioned, the spacecraft
can be balanced against the

pressure much as a Spacecraft rotated
pencil can be balanced to prevent sunlight from

\ on your finger. _CAMPAIGy entering telescope
EOL N
\* Solar Panels

Reaction___—
Wheel 3

Solar Balance
Ridge Reaction
Wheel 1

TOP-DOWN VIEWS OF SPACECRAFT
UNSTABLE STABLE

Solar Balance
Ridge

Solar Panels

Jalance ~
lar press| - ~__
= stable ) ISl __Solar panel

ecral illuminated
START

When the spacecraft is balanced, the telescope is

stable enough to monitor distant stars in search

of transiting planets. A specific portion of the sky is
studied for approximately 83 days, until it is necessary

to rotate the spacecraft to prevent sunlight from entering
the telescope. There are approximately 4.5 viewing periods
or campaigns per orbit or year.

‘CONCEPTUAL ILLUSTRATION OF
‘SOLAR DISTURBANCE. THE ACTUAL DISTURBANCE
IS DUE TO PHOTON PRESSURE, NOT SOLAR WIND.




A K2-misszid
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2007 JJ43: Neptunuszon tuli kisbolygd a Keplerrel!
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CHEOPS (2017 — 2020)

CHARACTERIZING EXOPLANET SATELLITE

+= 1 Il +>~Cesa




CHEOPS (2017 — 2020)




CHEOPS: magyar részveétel

Board Members:

Country Institute

A Institut fir Weltraumforschung, Graz

A Institut fir Weltraumforschung, Graz

B University of Liege

B Centre Spatial de Liége

CH Universitat Bern

CH Universitat Bern

CH Observatory of the University of Geneva
F Laboratoire d'astrophysique de Marseille
F Institut d'astrophysique de Paris

DLR Institute of Planetary Research
Admatis

Konkoly Observatory

Universita di Padova

Osservatorio Astronomico di Padova - INAF

Deimos

Centro de Astrofisica da Universidade do
Porto

Onsala Space Observatory,

S Chalmers Univ. of Technology
S Stockholm University, Stockholm
UK University of Warwick

Name

Baumjohann Wolfgang
Steller Manfred

Gillon Michaél

Renotte Etienne

Benz Willy

Thomas Nicolas

Udry Stéphane

Deleuil Magali
Lecavelier des Etangs
Alain

Spohn Tilman

Barczy Tamas

Kiss Laszlo

Piotto Giampaolo
Ragazzoni Roberto
Gutierrez Antonio

Santos Nuno C.

Liseau René

Olofsson Goran
Pollacco Don
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CHEOPS

Admatis

Advanced Materials in Space

A konzorcium vezetdje:
University of Bern, Svijc
Partnerek:

Olasz, svajci, osztrak, svéd, brit,
német, belga intézetek, cégek,
Kelet-Europabdl egyediil:
Admatis Kft. és MTA CSFK
Az Admatis feladatai:

HGt6 radiatorok tervezése és
kivitelezése.

Az MTA CSFK feladatai:
Exoholdak
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www.konkoly.hu/KIK

MENU

« ABOUT KIK

o IN ENGLISH 3

e IN HUNGARIAN ==
« ABOUT KEPLER
« KIK MEMBERS
+« RESEARCH
« GRANTS
« PUBLICATIONS

« KEPLER BLAZHKO
LIGHT CURVES

« IN THE MEDIA

« FOR STUDENTS

« CONTACT

« LINKS

« INTERNAL PAGES
« 2012 KASC5
CONFERENCE

« KTIA PALYAZAT
URKUT_10-1-2011-0019

konkoly.hu

‘rédit: Carter Roberts
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WELCOME TO THE HOMEPAGE OF

KIK

Kepler Investigations
at the Konkoly Observatory

KIK is a research group of astronomers at the

Konkoly Observatory, who use the high-

precision space photometric data of Kepler, a

NASA space telescope in order to study stellar

interiors through oscillations and planetary

systems. The group was founded in 2007, two
years before the launch of the telescope.

(AN AT Y LYW, I, ST I WY Ty
i L L WMWIIIHMIMWMWMlM
Kepler is a NASA Discovery mission which aims
. at finding Earth-size planets around Sun-like
stars in the habitable zone. To do this, Kepler
monitors around 150,000 stars continuously
close to the plane of our Galaxy, in the
constellations Cygnus and Lyra. The planets are
discovered by measuring the brightness of the
stars hunting for transits, the tiny dimmings caused by the
occultation by their planets. As of February, 2011 fifteen
confirmed planets have been found, among them the first
multiple transiting system Kepler-9b and -9c, two Saturn-sized
exoplanets orbiting the same star; Kepler-10b, the smallest
known rocky planet and Kepler-11b-g, a solar-like star hosting
six exoplantes! In addition, over 1200 planetary candidates
have been announced, five of them Earth-sized and orbit in the
habitable zone.

NASA/Kepler Mission/W éndy Stenzel

NEWS

11/04/13

K2 Mission, the successor of
Kepler has been announced
at the Second Kepler Science
Conference.

10/29/13
E. Plachy was given a Jedlik
Anyos Fellowship.

06/15/13
L. Molnar won a Jedlik Anyos
Fellowship.

05/06/13

L. Kiss has been elected as a
corresponding member of
the Hungarian Academy of
Sciences.

03/08/13
The KIK research group has
been accredited officially.
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