


(Optikai) csillagaszat mért mennyisegei

e Egi iranyok - koordinatak

e Fényesség - pontszeri és kiterjedt objektumok
e Szinkep - folytonos és vonalas spektrumok

e Sokasagok vizsgalata - égboltfelmérések

A pontossag novelése 1j fizikai jelenségek feltedezéséhez vezethet!
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s Nagysagrendi ugrasok:

s 1 ivperc: szabadszemes meéreések, csillagkatalogus,
sajatmozgas, bolygokoordinatak, felso becslések
parallaxisokra

* 1 ivmasodperc: kettoscsillagok, Naprendszer
merete, kis egitestek palyaszamitasa

s 0,1- 0,001 ivmasodperc (1 mas=4,8 nrad): csillagok
parallaxisa, bolygok asztrometriai hatasa

s 0,1-0,001 mas: csillagok & exobolygok felszini
reszletei, exoholdak, Tejutrendszer és kozeli




Gaila: asztrometrial urobszervatorium

 kizarolag ESA-misszio

* inditas: 2013. december 20.

* 5 év mukodeés (esetleg 1 év hosszabbitas)
* hordozoraketa: Szojuz-Fregat

* palya: Lissajous-palya az L2 pont korul

* adattovabbitas: 4-8 Mbps

* tomeg: 21 26 kg (hasznos 743 kg)
* teljesitmeény: 1631 W
(hasznos 815 W)

EADS-Astrium alapjan



A taveso és a muszerek

két SiC f6tikor 106,5°-ra forgastengely (6 h) ” 6},'39,8269(;
1,45 x 0,50 m?2 t ellenérzé rendszer

SiC toroidalis

szerkezet
/optikai pad)

kombinalt
———  fokuszsik
(CCD-k)

a két latomezo
egyesitese (FoV)

EADS-Astrium alapjan



Az égbolt szkennelésének elve

Satellite spn axis

Precession of the /' "\
spin axss in 70 days *

Line of sight 2

Forras: Karen O’Flaherty

Line of sight 1

forgastengely: 45° a Naphoz;
haladas: 60 ivmasodperc s
forgasi periodus: 6 oOra




Gaia: teljes, pontos, meély

Hipparcos Galia
Magni tuddhatdr 12 20 magnitodd
Tel)esséy 7,3:9.8 20 magnitodd
Fényes hatar 0 6 magnitodsd
00 Jektumok 524800 120 000 26 milli6 V = 15 n-ig,
250 millic V » 18 n-1g
1000 asllio V » 20 n-49
Effektiv tavelssgnatsr 1 Wpc 50 kpo
Kvazrarok L (3C 273) 500009
Galaxisok nincs 1000000
Pontossdg 9,001 tvndsodperc 7 mikrofvedsodperc Ve1¥nm

10:.25 mikroiwdsodperc ¥V - 15 m
300 mikrotvmdsodperc ¥V »~ 2 m

Fotonelrio Z-szln;o::ee}ria aslacsony diszp. spektrum V » 20 o-ig
{ v
Rodisdlis sebesség nings 15 ka/s Vel6-17 n-ig

Megfigyelést progrom  eldre kivalosztva teljes es torzitatian

A pontossag 2 nagysagrendet javul, az érzékenység 4 nagysagrenddel jobb, a vizsgalt
csillagok szama 4 nagysagrenddel tobb.

Az égbolt szkennelése 5 eéven at = parallaxisok és sajatmozgasok.
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s 1 magnitudo: Mirak, (szuper)novak

* 0,1-0,01 magnitudo: geometriai es fizikai
(pulzalo, eruptiv és kataklizmikus)
valtozocsillagok

* 0,001 magnitudo (1 mmag): fedési exobolygok
- forro jupiterek

* 0,1-0,001 mmag: Nap tipusu csillagrezgesek,




Kepler-tirtaveso

A Kepler célja Fold tipusu, lakhat6
bolygok felfedezése a fedési modszerrel

Szimultan észlelt tobb mint 150 ezer
csillagot

95 cm-es belépd nyilast Schmidt-
taveso, latbmezeje mintegy 100
négyzetfok, 42 CCD-bdl all6 mozaikkal
Fotometriai pontossag:

A zaj < 20 ppm 6,5 oranyi
meérés utan egy 12 magn. Nap

tipusu csillagra

=> g4-szigma detektalas egy
exofold tranzitja esetén.

Heliocentrikus palya, 2009-2013
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NASA

Kepler's Second Light: How K2 Will Work
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HD 181068: A Red Giant in a
Triply Eclipsing Compact
Hierarchical Triple System

A Derekas ™ L L K5 1 Borkevits,* D. Huber,” K. Lehmann® |, Southeerth,”

I. R Bedding.” D, Balam. ™ M. Hartmana* M. Hredkeova ' M. ). Ireland.” ) Novaes” Gy, Mt ’
A Moo € Niersazera, ' G, E Sarty. Gy, M Seabe “ 1 Suabe.© 1. H. Telting, ' A Thachenko,*
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C Macerond, ™ A Méand.®" M SHIL™ ). Stermann, ™ L Seermann ' AL Turper, ™

P. G. Tathil’ | OwistensenDalsgrand, ™ R. L Gillilasd, ' M. Kjeldsen,*” E. V. Quintasa ™

P. Teneabasrm, ™ L D Twichen'*

Moetaechical Bl tyitems comgeine B clote Diciry and & moce datant compooent, They are importint
for testing heodes of star formation and of sweitar evdlution in e presence of nearty campanions.
We cbtaned 213 days of Kegler photometry of HD 181068 imagnitude of 7.1, supplemented by
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Moathly Notices
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Dynamical masses, absolute radii and 3D orbits of the triply eclipsing star
HD 181068 from Kepler photometry

T. Borkovits,"*** A. Derekas,>* L. L. Kiss,>** A, Kirdly,* E. Forgics-Dajka,*®
I. B. Bird." T. R. Bedding.* S. T. Bryson,” D. Huber*” and R. Szabé?
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ABRSTRACT

HD 1S106X is the brghter of the two kaowa inply eclipgniag Mecrarchical mple stars in the
Kepler field. Bt has been continvously obscorved for more thas 2 yr with the Kepler space
ilescope. OF the meme quarters of the data, theee have boen obtased in short-cadence mode,
that is one point per SK.9 5. Here we analyse this unique data set to dercrmine abuodate physical
parameters (most importantly the masses and radn) and full orbital configuration using a
sophiatcated novel appeoach. We measure eclipse timing vasiatsoas (ETVs), whach e then
combined with the single-lined radial velocity measurcments 10 yiehd masses in 2 manncr
equivalent 0o Souble-laod spectoscopic biranes. We have abwo doveloped a scw Right-curve
systhesis code that s wsod o moded the triple, mutsal eclipses and the effects of the changing



Dynamical masses, absofute radii and 3D orbits of HD 81068 1659

Cyoe Nurnder

e Fényido-effektus

® {Omegmereés

e csillagfejlodési allapot

o Uj tipusu rezgések: arapaly-
hatasok altal gerjesztett
'"normal” moédusok

(Borkovits et al. 2013 MNRAS;
Fuller et al. 2013 MNRAS)




Kepler-13 (=KOI-13)
(Szabo et al. 2011, 2012, 2013)
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Piszkés 1m RCC




normalized flux

.

fotometriabol (Szabd et al. 2011, 2012, 2013)

Relativ fluxus

Palyadoltség detektalasa tisztan

1.001
1.000
0.999
0.2998
0.997
0.996
0.995
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Flux star + planet dayside
¢ occultation o

star alone —%

star + planet nightside

o~ transit

star - planet shadow

Fig. 1« IDustrabiom of transats and occultatzons. Only the combuned Sux of the star and planet 15 observed. Dunng a tramsit, the flux
drops becasse the planet blocks a fraction of the starhight. Then the flux nses as the planet's dayside comes wio view. The flux drops
agaun when the planet 15 occuised by the star

(Winn 2010)
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Fig. 11 — The combenad 8 pim boghtness of the K star HD 189733 and sts grant planet, over a 33 br mnterval including a transat and an
occultanon. The bottom panel shows the same data as the top paned but with a restncted vertical scale to hughlighe the gradual nse in
baightness as the planet’s dayssde comes mto view. The amplitnde of thas vanation gives the temperature contrast between the dayside
(estumated as 1211 + 11 K) and the sughtside (973 £ 33 K). From Kautsos et 2l (2007b).
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Fig 12 — Transmession (transst) spectroscopy of the gas giant HD 1897330, using the Hubble Space Telescope. The symbols wuth
errors bars are measurements of the effective planet-to.star radius ratio as a functron of wavelength. The dip at 1.6 ym was interpeeted
as evadence for water, and the nse at 2 1 jum as evidence for methane (Swan et al. 2008). However, subsaquent observations at 1 7 ym
and 19 um, shown with darker symbols and gray bands, dusagree with the earhier results and are consistent with a Rayleigh scattening
mode! (solsd and dashed carves). From Sang et al (2009)
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SPEKTROSZKOPIAI FEJLODES:
KOZMIKUS TRAFFIPAX
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3 Nagysagrendl ugrasok:

* 10 km/s: szoros kettoscsillagok, galaxisok
voroseltolodasa

» 1 km/s: kettoscsillagok tomegei, klasszikus
pulzalo csillagok, sotéet anyag gravitacios hatasa

® 1-100 m/s: exobolygok (szuperfold-Neptunusz-
Jupiter), Nap tipusu rezgesek

* 1- 10 cm/s: kozmologiai tesztek, exofoldek,
exoholdak, ?7?77?




Szinképvonalak - kozmikus traffipax
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Hullamhossz-kalibracio: a pontossag
kulcsa
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Lézertésiik: tovabblépés a cm/s
pontossag iranyaba?

V: | speltrogrd
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Stelnmetz et al. 2008, Science
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Napfény es a lézerfést szimultan spektruma




Az alfa Cen A az UVES/VLT muszerrel

5 i " & Cen A (UVES) *‘ _f
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Pontossag: 50-70 cm/s. 3 s expoziciok, 8m-es taveso, a deli
ég 3. legfényesebb csillaga

Butler et al. (2003)

Pontossag: 10-50 cm/s. 10-20 perc expoziciok, 1-4m-es
tavesovek, szabad szemmel latszo csillagok (kb. 6000)

Néhany csoport (2013)
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HAT-P-2b (Csak et al. 2014)
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Radial Velocity [m/s)

HAT-P-22b (Csak et al. 2014)

135795

11162

905.30

678.97

452 65

22632

0.00

-226.32

452,65

678.97

905.30

-1131.62

2157.9%

Piszkés-teto 1m (Csak et al. 2014)
Keck/HIRES (Bakos et al. 2009)

-1.58 1.04 -0.49 0.06 0.61
Julian Days

1.16



(b) other broadening mechanisms are also important

Spoctral hine profiles

A
€ winity —» ¢ wlxily=P» € vwhkxity ~p

Fig. 5. — Nustrason of the Rossster-McLanghlsn (RM) effect. The theee columns show theee successsve phases of a transst. The
farst row shows the stellar disk, wath the grayscale representing the progected rotation velocity: the approachmng humb 15 black and the
receding lumb s whate. The sacond row shows the comrespondng stellar absorption line profiles, assumung rotation to be the dosrusant
broademang mechamsm The bump ™ occurs because the planet ludes a fraction of the hight that comtnbutes a partacular velocaty 1o the
lane- broademung kernel. The thard row shows the case for winch other line. broademung mechanssms are umportant, here the RM effect1s
manfested cnly as an “anomalous Doppler shuft ™ Adapted from Gauds & Wina (2007)
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Fig. 6. — Using the RM effect 1o measure the angle A between the sky projections of the orbetal and stellar-rotational axes. Three
differest possible trajectones of a transsting plaset are shown, aloag with the corresponding RM ssgnal. The tragectones all have the
5200 1mpact parameter and produce the same light curve, but they differ is A and prodoce dafferent RM curves. The dotted lines are for
the case of no hmb darkening . aad the solad lznes include kmb darkening  From Gandi & Winn (2007)
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Fig. 14 — Examples of data used 1o measure the progected span-orbet angle A The top pasels show trassat photoeetry. and the bottom
panels show the apparent radsal velocsty of the star, cluding both orbital metion and the anomalows Doppler shift (the Rossiter-
McLaughlin effect). The left panels show a well-aligned system and the suddle panels show a nusaligned system. The nght panels
show a system for wiuch the stellar and ortatal “nocth poles™ are nearly annparallel on the sky, indescating that the planet's orbat 1s esther
retrograde or polar (depending on the unknown mchination of the stellar rotabon axis). References. Wian et al. (2006, 20092 D).
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» Nagysagrendi ugrasok:
® 5000 csillag: szabad szemmel latszo6 égbolt

® 100 ezer csillag: tavcsoves, vizualis felmeéreés - a
Tejutrendszer szerkezete

® 10 millio csillag: fotografikus felmeres, égbolt homogeén
hatarfényességu lefedése

s 1 milliard csillag: digitalis felméreés - a Tejutrendszer
1%-a

» Pankromatikus és spektroszkopiai felmerések:
populaciok elkulonitése, precizios kozmologia



LSST: a digital color movie of the Universe
szines, digitalis mozgokép az Univerzumrol

Zeliko Ivezi¢, LSST Project Scientist

University of Washington and -
Konkoly Observatory -

Research Centre for Astronomy and Earth Sciences
Hungamn Aademy of Sciences, Budapest
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LSST Telescope




The field-of-view comparison: Gemini vs. LSST

Primary Mirror Field of
Diameter View

0.2 degrees

Gemini South

Telescope




Optical Design for LSST

MZ 34m £/1.05 : Flat 3.5 deg. FOV
D.64mdwa @ /123

-

M350m /119 %

— -_’--

Ml B4m /114

Three-mirror design (Paul-Baker system)
enables large field of view with excellent image quality:
delivered image quality is dominated by atmospheric seeing




The largest astronomical camera: 2800 kg, 3.2 Gpix
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