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Stellar variability among intermediate-mas stars,
variability classification, RR Lyrae stars,
exoplanets, stellar systems, ...
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Doppler shift

Radial velocity (km s~1)

Residuals
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Special considerations and techniques are required
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e Lines are blended in cool stars creating
large absorption regions
e Continuum us badly defined

= Radial velociti

o [m/s] £(V)(0.16¢!79(T15000)

Stellar characteristics (cannot be changed) impact
the precision of the RV measurements

RVs of fast rotators can be estimated only
with precision of about a few km/s

RV uncertainty will be about 2.8x larger for a star
with T=8000 K than for a star with T=5000 K
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Radial velocities

o [m/s] «| AA~2(SIN)IR-12f

Instrumental characteristics (can be designed)
e Spectral range (instrument charactestics)
e Resolving power (instrument characteristics)
e Quality of the data (efficiency of the instrument and optical system, pointing, observing
strategy, observing conditions, data reduction, data calibration, analysis)
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Radial velocities - spectrographs

o [m/s] & ALV2(SIN)'R-12f

e \Wide|spectral range

and high resolving power —— ECHELLE SPECTROGRAPHS
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Intensity

Radial velocities - spectrographs
o [m/s] of AA-V2(SIN)'R-12f

Wide spectral range and high|resolving power| —— ECHELLE SPECTROGRAPHS
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Radial velocities - spectrographs

o [m/s] «

A/l_l/z(S/N)_lR_l'zf

e Wide spectral range and high resolving power —— ECHELLE SPECTROGRAPHS

HARPS@3.6 m ESPRESSO@8.2 m ANDES@39 m
Spectral range 380-690 nm 380-790 nm 400-1800 nm
Resolving power 115000 70000, 140000, 190000 | 100000
Precision 1 m/s 0.1 m/s 0.02 m/s




Radial velocities - spectrographs

o [m/s] «

A/l_l/z(S/N)_lR_l'zf

e Wide spectral range and high resolving power —— ECHELLE SPECTROGRAPHS

Coralie@1.2 m FEROS@2.2 m FIDEOS@1.0 m PLATOSpec@1.5 m OES@2.0 m
Spectral range 390-680 nm 350-920 nm 420-800 nm 380-680 nm 380-9100 nm
Resolving power 60000 48000 43000 70000 50000
Precision 7 m/s 25 m/s 5-8 m/s 3-5m/s ~10" (12); ~102 m/s

‘Unlimited’ observing time



Intensity

Radial velocities - spec

o [m/s] o« AI"V2(SIN Y 'R-12f

e Instrumental profile - stability matters

Ax, = +0.17 pixels
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Radial velocities
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Radial velocities - spectrographs

e Stability and calibrations are crucial (Ap~100 Pa -> ARV~80 m/s)
ESPRESSO@VLT: 5T~1 mK, Ap~0.1 Pa; ~0.1 m/s HARPS@3.6mLaSilla: 5T~10 mK, Ap~1 Pa; ~1 m/s

PLATOSpeC has simultaneous ThAr and |12 calibrations Fabry-Perot and laser combs

FTS order: 20
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temperature [°C]

Radial velocities - s
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Radial velocities - observations

o [m/s] & AA-YA(S/N)IR!

e Pointing




Radial velocities - observations

o [m/s] o« AA~13

Pointing
Exposure time

Air mass

(S/N)- R

Observing condition (stability, clouds, seeing)
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Radial velocities - data handling

Data reduction (bias, flats, cosmics removal)

Extraction of apertures

Wavelength calibration

e Radial velocity determination (method, parameters, template selection, tellurics, corrections)

Ivanova+, 2023A&A...673A..561

1205 order 130 of ESPRESSO on HD40307
e o
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Light/radial velocity curve and perio

e Time series -> periods

(@)
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Fourier methods (DFT, NUFFT, Lomb-Scargle, Bloomfield, Deeming, Cleanest, wavelet, etc.)
Minimalization methods (PDM, Jurkevich, Schwaryenberg-Czerny, Lafler-Kinman, box-car, etc.)
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Arbitrary unit, arbitrary variable
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Light/radial velocity curve and perio ds

Time series -> periods
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(mag)
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Relativoe brightness
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Light/radial velocity curve and periods

e Time series -> periods
o Fourier methods (DFT, NUFFT, Lomb-Scargle, Bloomfield, Deeming, Cleanest, wavelet, etc.)
o Minimalization methods (PDM, Jurkevich, Schwaryenberg-Czerny, Lafler-Kinman, box-car, etc.)
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Periodogram

Significance of the periods (peaks)

False alarm probability FAP~Ne™ - z is the amplitude in Lomb-Scargle periodogram, N is the number of
observations, “Likelihood that the peak is generated by a random noise”

SNR for FT - signifikant when SNR>4 (Breger 1993),

log(FAP) ~ -2.5+2.62*SNR-0.69*SNR2 (Kushnig 1997)
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Periodogram -

e Times span of the data defines the frequency resolution Ay = —
TS
TIC 235682463
6 T T T I
1800 s (TS 352 days)
600 s (TS 434 days)
All data (TS 1279 days)
1 sector 1800 s (TS 27 days)
5 L -
6 T T T T T T T T T
—_ 5 0 &
- &R by |
[@)] E 4t 4
£ 8
E g3f J
o 3L B 4
3 32} 1
= \ €
Q <
£ 1r b
<2' 0 b ' LA VR (V' NW%M&W& )
120 122 124 126 128 130 132 134 136 138 1.40
Frequency (c/d)
1 - -
| ‘ | | I‘ l I
| ol I i
0 DA il Wi Wi u.l..‘.‘..,...u‘;_,."l‘u‘-.;ltA.;‘.ul ! IR Y 1Y AU 0 TN M Ol Aot it o Vaamsich bl WRANI NG lh.Ll. A Mot shen e et
0.5 1.0 1:5 2.0 2.5 3.0

Frequency (c/d)



Periodogral

e Sampling frequency defines the highest detectable frequecny g = fsamp _

e Damped when the sampling is not strict
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Periodogra

Sampling frequency defines the highest detectable frequecny
Damped when the sampling is not strict
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Periodogram

Gaps in observations produce aliases - frequency window

Trends produce false peaks
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PLATOSpec project

e High-resolution, stable spectrograph as a support for the PLATO (and other) mission(s)
e La Silla, Chile, telescope E152 (E2)




PLATOSpec projec

e High-resolution, stable spectrograph as a support for the PLATO (and other) mission(s)
e La Silla, Chile, telescope E152 (E2)

Ratio of 2m Perek telescope shutter open and hypothetical cloudless night time
etween nautical twilights when Sun is below -12 de;

100% = Night time b
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PLATOSpec: 82 %
(since its installation)

https://stel.asu.cas.cz/plato/



PLATOSpec projec

High-resolution, stable spectrograph as a support for the PLATO (and other) mission(s)

La Silla, Chile, telescope E152 (E2)

Document number: 3

(Universidad catolica de Chile)

Dear Council members,

on behalf of the Consortium,

Sincerely,
> /
el F

petr Kabath

Document version and date:Vi on 13 September 2017

hereby, we propose referees who we believe are competent experts
referee report about La Silla 1.52-m project.

Document: Referees proposed by the Consortium of La Silla 1.52-m
project for ground based support of PLATO mission

Remark: The Consortium is represented by Petr Kabath (AsU), Artie Hatzes (TLS-
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e 2021-2022 - Telescope refurbishment (Projectsoft), PUCHEROS+
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e 2023 - recoating of the mirror, observations with PUCHEROS
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e 2023 - recoating of the mirror, observations with PUCHEROS
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e 2024 - FE, CU, optical fibers, balancing of the telescope, installation of PLATOSpec
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e 2024 - FE, CU, optical fibers, balancing of the telescope, installation of PLATOSpec
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November 25, 2024
- first light and regular
observations



PLATOSpec

Parameter Value
Spectrograph feeding fiber, image slicer
Spectrograph type echelle, white pupil
Detector Andor Ikon GLx (2kx2k)
Wavelength range 380-700 (nm)
Resolving power 70,000
Number of orders 55
CCD Calibration sim ThAr, sim Iodine
N Precision in radial velocities 3-5m/s
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PLATOSpec - operatio
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PLATOSpec - pe
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PLATOSpec - future

Study of systematics
Tip-tilt mirror
Fabry-Perot etalon
Contribution to GOP
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Thank you for your attention!




