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Csillagaszati észlelési
technikak

Kiss L. Laszlo

MTA Csillagaszati és Foldtudomanyi Kutatokdzpont
www.csillagaszat.hu



http://www.csillagaszat.hu

Tycho Brahe, 1590 ESO VLTI, 2010



(Optikai) csillagaszat mért mennyisegei

e Egi iranyok - koordinatak

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

e Sokasagok vizsgalata - égboltfelméréesek

A pontossag novelése, “régi” technikak Gjszerii alkalmazasai 1;
fizikai jelenségek felfedezéséhez vezethet!
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» Nagysagrendi ugrasok:
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s 1 ivperc: szabadszemes meresek, csillagkatalogus,
sajatmozgas, bolygokoordinatak, felso becslések
parallaxisokra

» 1 ivmasodperc: kettoscsillagok, Naprendszer
merete, kis égitestek palyaszamitasa

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

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




Gaila: asztrometrial urobszervatorium

 kizarélag ESA-misszio6

* inditas: 2013. december 20.

* 5 év mukodés (esetleg 1 év hosszabbitas)
* hordozorakeéta: Szojuz-Fregat

 palya: Lissajous-palya az L2 pont korul

* adattovabbitas: 4-8 Mbps

* tomeg: 2120 kg (hasznos 743 kg)
* teljesitmény: 1631 W
(hasznos 815 W)

EADS-Astrium alapjan



A taveso és a muszerek

két SiC fé6tukor 106,5°-ra
1,45 x 0,50 m?

M1

M3

EADS-Astrium alapjan
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Az égbolt szkennelésének elve

SUN

Satellite spin axis Line of sight 1
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Precession of the \
spin axis in 70 days\‘
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FOTOMETRIAI FEJLODES
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s Nagysagrendi ugrasok:
s 1 magnitudo: Mirak, (szuper)novak

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

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

s 0,1-0,001 mmag: Nap tipusu csillagrezgeéesek,




Kepler-tirtaveso

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

Szimultan észlelt tobb mint 150 ezer
csillagot

95 cm-es belépd nyilasti Schmidt-
taveso, latbmezeje mintegy 100
négyzetfok, 42 CCD-bdl allo mozaikkal

Fotometriai pontossag:
A zaj < 20 ppm 6,5 oranyi
meéres utan egy 12 magn. Nap

tipusu csillagra

=> g4-szigma detektalas egy
exofold tranzitja esetén.

Heliocentrikus palya, 2009-2013




Rovidperiodusu bolygok gyakorisaga
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csillagok szazalékos aranya

neptunuszok
mini- gaz-
neptunuszok oriasok
Bolygoméret (Fold-sugar egységben)

szuperfoldek
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Photometer

CCD
Radiator

Reactuon

Wheels (4) Thruster @Y High Gain
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Kepler's Second Light: How K2 Will Work

Photons of sunlight exert pressure
on the spaceacraft. If properly
positioned, the spacecraft
can be balancad aganst the
pressurea much as a Spacecraft rolated
pencil can be balanced to prevent sunlight from
on your finger CAMPA/ GN z entenng telescope
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TOP-DOWN VIEWS OF SPACECRAFT

UNSTABLE STABLE
Solar Balance

Solar Fanels

Solar panel
illuminated

rA

When the spacecraft is balanced, the telescope 1s

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 sunight from entenng
the telescope. There are approximately 4.5 viewing periods
or campaigns per orbit or year

15 DUE TO PHOTON PRESSURE. NOT SOLAR WIND.
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PUSHING THE LIMITS: K2 OBSERVATIONS OF THE TRANS-NEPTUNIAN OBJECTS 2002 GV3; AND
2007 JJ 43

A. PALM, R. SzaB6', Gy. M. SzaB6™®*, L. L. Kiss"*, L. MoOLNAR', K. SARNECZKY', AND Cs. P. Kiss'
Draft version March 26, 2015

ABSTRACT

We present the first photometric observations of trans-Neptunian objects (TNOs) taken with the
Kepler space telescope, obtained in the course of the K2 ecliptic survey. Two faint objects have
been monitored in specifically designed pixel masks that were centered on the stationary points of
the objects, when their daily motion was the slowest. The design of the experiment was such that
the observational costs in terms of Kepler pixels were minimized. Because of the faintness of the
targets... We measure rotational periods and amplitudes in the unfiltered Kepler band as follows:
Besides demonstrating the feasibility of this pioneering observing mode, the results indicate that...

Future space missions, like TESS and PLATO are not well suited to this kind of observations,
therefore we encourage to include the brightest TNOs around their stationary points in each K2
observing campaigns to exploit this unique capability of the Mission.

Subject headings: methods: observational — techniques: photometric — astrometry — minor planets,
asteroids: general — Kuiper belt objects: individual (2002 GV3,, 2007 JJ43)

1. INTRODUCTION

Kepler has provided incredible results on extrasolar
planets and planetary systems, as well as on stellar as-
trophysics. After analysing main-belt asteroids (Szabé et
al. 2015), here we continue the exploration of our ouwn
Solar System by pushing the limits of the spacecraft and

observing faint, trans-Neptunian objects.
q“\’\ Vﬂm’ﬂ” O“ﬂl\l\fi"l\“’ ;“ M“:V\V\I\A ‘I';*‘\ -~ n nK ey

at the detection limit of the telescope (V = 20-22 mag),
with an expected precision of a few tenths of a mag-
nitude for a single long-cadence (30-min) observation.
Moreover, TNOs exhibit quadratically increasing proper
motions away from the stationary points. Since the pixel
mask allocation is fixed for an entire campaign, the whole
length of the orbital arc has to be observed continuously.
Despite these challenges, the K2 mission is in a unique

—————
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TNO observations with K2
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SPEKTROSZKOPIAI FEJLODES:
KOZMIKUS TRAFFIPAX
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s Nagysagrendi ugrésok:

s> 10 km/s: szoros kettoscsillagok, galaxisok
voroseltolodasa

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

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

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




Szinképvonalak - kozmikus traffipax
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Hullamhossz-kalibraci6: a pontossag
kulcsa
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Lézerfésiuk: tovabblépés a cm/s
pontossag iranyaba?

u| :"_:7, spektrograf _

naptavcso i I /

szabad spektralis

folyamatos Uzem

. tartomany
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Steinmetz et al. 2008, Science



Naptény és a lézertésii szimultan spektruma
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Velocity (m /=)

Az alfa Cen A az UVES/VLT muszerrel
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Pontossag: 50-70 cm/s. 3 s expoziciok, 8m-es taveso, a deli

ég 3. legtényesebb 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)



v, (km/s)
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Radial Velocity [m/s]

HAT-P-22b (Csak et al. 2014)
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(a) rotation is the main cause of line broadening

Spectral line profiles

<€— velocity—>» €— velocity—>»  €—— velocity—>»

Fig. 5.— Illustration of the Rossiter-McLaughlin (RM) effect. The three columns show three successive phases of a transit. The
first row shows the stellar disk, with the grayscale representing the projected rotation velocity: the approaching limb i1s black and the
receding limb 1s white. The second row shows the corresponding stellar absorption line profiles, assuming rotation to be the dominant
broadening mechanism. The “bump™ occurs because the planet hides a fraction of the light that contributes a particular velocity to the
line-broadening kernel. The third row shows the case for which other line-broadening mechanisms are important; here the RM effect 1s
manifested only as an “anomalous Doppler shift.” Adapted from Gaudi & Winn (2007).
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Fig. 6.— Using the RM effect to measure the angle A between the sky projections of the orbital and stellar-rotational axes. Three
different possible trajectories of a transiting planet are shown, along with the corresponding RM signal. The trajectories all have the
same 1mpact parameter and produce the same light curve, but they differ in A and produce different RM curves. The dotted lines are for
the case of no limb darkening, and the solid lines include limb darkening. From Gaudi & Winn (2007).



Relative flux

Radial velocity [m s™]

Fig. 14 — Examples of data used to measure the projected spin-orbit angle A. The top panels show transit photometry, and the bottom
panels show the apparent radial velocity of the star, including both orbital motion and the anomalous Doppler shift (the Rossiter-
McLaughlin effect). The left panels show a well-aligned system and the middle panels show a misaligned system. The right panels
show a system for which the stellar and orbital “north poles™ are nearly antiparallel on the sky, indicating that the planet’s orbit 1s either
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retrograde or polar (depending on the unknown inclination of the stellar rotation axis). References: Winn et al. (2006; 2009a.b).
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s Nagysagrendi ugrasok:
» 5000 csillag: szabad szemmel latsz6 egbolt

s 100 ezer csillag: tavcsoves, vizualis felmerés - a
Tejutrendszer szerkezete

s 10 millio csillag: fotografikus felmeres, égbholt homogeén
hatarfenyesseéegu lefedése

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

s Pankromatikus és spektroszkopiai felmereések:
populaciok elkulonitése, precizios kozmologia




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

Zeljko Ivezi¢, LSST Project Scientist

University of Washington and et
Konkoly Observatory —

Research Centre for Astronomy and Earth Sciences
Hungarian Academy of Sciences, Budapest
June 10,2013




LSST Telescope




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

Primary Mirror Field of
DEIEE View

0.2 degrees
—{8m—

Gemini South
Telescope




Optical Design for LSST

M2 3.4m £/1.05 Flat 3.5 deg. FOV
» 0.64m dia. @ £/1.23

/ _ \ L10.70m
— 4 ‘ ' Filter 0.76m
‘ \

" | L21.10m

) |3 1.55m

~ M350m f/1.19

- -
— —

M18.4m f/1.14

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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