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Radial Velocties - RVs
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TLS

The way to high precision RVs

RV estimation at the beginning

- mainly done via cross-correlation

- no correction for instrument instabilities

- no high precision RV estimation possible

™

A

Using Cell for calibration
- same idea as with Tellurics
- but using a stable Cell with known lines

Later: Tellurics (Earth’s atmosphere) for calibration

- Telluric lines have fixed wavelength

— accuracy up to 10 m/s

- used for wavesolution

Problem: Tellurics chance strongly with time and are hard to model

Butler et al., 1996

- model instrument parameters (IP, Blaze, wavesolution) to estimate RV
- uses Cell lines for calculation of wavesolution

- allows high RV precision
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Basic concept of Butler et al.

Observation (with Cell)
- stellar through Cell

Input

Output
(optimized
parameters)

least-square fit is used to
estimate all parameters
simultaneously

FTS — Cell Spectra

Vo

Stellar template (without Cell)
- “reference” spectra

Y

Im: k[Tcell (A’) Istellar (A+6A)]*IP ””””””””””””””””””””””””””””””””

:

Normalization
- Blaze function

v

RV shift Instrument Profile

wavelength

- estimated via wavelength solution
(wavelength vs pixel)

— Cell Spectra is used as reference

Based on Butler et al. 1996




The way to high precision RVs
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TLS Velocity and IP EstimatoR - VIPER

« Started by Mathias Zechmeister and Sireesha Chamarthi CUIENE s s

* Allows to obtain high precision Radial Velocity measurements for > CRIRESY

. : * TLS Spectrograph
different instruments * UVES

. . « KECK
* |s available via github * Ondrejov OES

* https://github.com/mzechmeister/viper « CES

* If you publish results with viper, please acknowledge it by citing its * PUCHEROS
bibcode from
https://ui.adsabs.harvard.edu/abs/2021asc|.softO8006Z.

data files Search data file
template file Search tpl file
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https://github.com/mzechmeister/viper

Modelling the data - raw data
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m= k[Tcell (A') Istellar (A+5A)]*IP
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Input to viper:

. Observation with cell
Tpl — observation without cell
Cell — Fourier Transformed Spectrum (FTS)
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Modelling the data

optimize

Startguess  » Ly

— k[Tcell ()L) Istellar <A+5)L>] * [P
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TLS Estimating the RVs

Instrument parameters vary for each spectral order
- RV estimation will be done for each spectral order separately
- afterwards combined by weighted mean
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TLS The parameters

Im:k[Tcell(A’)Istellar ()L+5A)]*IP

Instrument profil (IP)

Gaussian BiGaussian
wavelength solution
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TLS Final RVs — combination of all orders
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TLS Starting viper

Gui VIPER B & &
data files (home/janafjana/VIPER/data/Pucheros/Science/HD10700/*_Cell e fits Search data file
template file |/homefjanafjana/VIPER/data/Pucheros/Science/HD10700/HD10700_2024-07-29T09_53.e fits Search tpl file > G U I V| pe r- CO nfl g Vl pe r | n |
m cCell file: /home/jana/janajviper_github/viper_240816/lib/TLS/FTS/TLS_I2_FTS.fits Search Cell file _— _— '
flag file: Search flag file P U C H E R OS
spectrograph:  PUCHEROS - targ: HD10700
Options data reduction Options plotting data
Data Model Setup Data Analysis
nset: .40 ip: g - raw data fit continuum
oset: 23:32 iphs: 300 plot IP wavelength solution
chunks: 1 deg_norm: |3 stellar tpl fit vquess > pyth O n 3 G U I Vl pe r py
veut: 300 deg_wave: |3 forward model lookguess . . .o
iset: : deg_bkg: 1 lookres infoprec Conflg leer.lnl PUCHEROS
Fit Settings Template fcokear
kapsig: : 1
SR 150 s Plot fitted chunks
wgt: None v oversampling: |1
Tellurics Create Template:
telluric:  |mask = create tpl
Current command:
Output:
e tmp python3 viper.py '/home/jana/jana/VIPER/data/Pucheros/Science

/HD10708/* Cell.e.fits' /home/jana/jana/VIPER/data/Pucheros/S
output_format: W .dat fits (astropy) fits (CPV) cience/HD167080/HD10700_2024-07-29T09 53.e.fits -inst PUCHEROS

- -nset :40 -oset 23:32 -chunks 1 -vcut 300 -iset : -ip g -iphs
300 -deg norm 3 -deg wave 3 -deg bkg 1 -rv guess 1 -demo @ -t
arg HD10700 -tag tmp -kapsig 150 -oversampling 1 -lookpar -f

ts fhome,lfjana/jana/viper_gi‘thgbfviper_24E|816/lib/TLS/FT5fTLS_ Su dO ap t = ge t ln S t a 1 1 g nu p lot
12 FTs.fits -wgt None -telluric mask -output_format dat gnup -Lot _ Xll gnuplot _ dOC

Start EXIT



%LS Starting viper

Input data
- observation with cell
- stellar template (without cell)
- instrument/ cell file

Gui VIPER — O =

/homefjanafjana/VIPER/data/Pucheros/Science/HD10700/*_Cell.e.fits

mplate file ‘momeﬂanaﬂanaNlPER{datafPuchems,iSciencefHDmmanDmmnj024-07-29T09753.e.fit5

L efjana/jana/viper_githubjviper_240816/lib/TLS/FTS/TLS_12_FTS.fits earch Cell file
I flagfile: ‘ . search flag file
spectrograph:  [PUCHEROS < g |HD10700 Observation and order selection

~Output
g:
gutput_format:

u dat

[~ .fits (astropy)

Options plotting data
~Data Analysis

python3 viper.py '/home/jana/jana/VIPER/data/Pucheros/Science (-
/HD18788/* Cell.e.fits' /home/jana/jana/VIPER/data/Pucheros/s
cience/HD168780/HD18706_20824-87-29T89 53.e.fits -inst PUCHEROS
-nset :40 -oset 23:32 -chunks 1 -vcut 300 -iset : -ip g -iphs
308 -deg norm 3 -deg wave 3 -deg bkg 1 -rv guess 1 -demo @ -t
arg HD18700 -tag tmp -kapsig 150 -oversampling 1 -lookpar -f
ts /home/jana/jana/viper_github/viper 248816/1ib/TLS/FTS/TLS_
I2 FTs.fits -wgt None -telluric mask -output_format dat

Start EXIT

Parameter settings

nset: [490 I raw data I~ fit continuum .
oset: [2332 iphs: 300 ~  plotIp ~  wavelength solution - I P mo d e I an d WI dth
chunks: 1 deg_nom: 3 I stellartpl [ fitvguess _ i
: 300 deg_wave: ’37 [~ forward model [~ lookguess deg ree Wavelength SOIUtlon
: 1 / I~ lookres I infoprec - degree blaze
~Fit Settings .—Templat e |
kapsig:  [150 rguess: Plotting options
wgt: None j oversampling: | ) n O I Ottl n
~Tellurics: -Create Template | p . g .
tellurie: [mask 4| r aeoterm - fast plotting (without pause)
Current command:

- pause each plot

Output name and format
- default: tmp
- will be overwritten each time!
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Post-processing of the RV data

Gui VPR - o
RV plots Parameters ] Residuals ]
Plot RVs
Input
rvo file 1:  [tmp.rvo.dat Search data file
rvo file 2: Search data file
Swap Compare
oset rvo 1 oset rvo 2
selectall | ] selectnone  select all E
H 23 m 24 H 25 27
N 28 H 29 H 30
= =l
center RV values Plotting Options
cen RVs to zero median sort by: BJD
ocen rvo 1 offset rvo: 400
ocen rvo 2
Other-
average: |wmean
output: tmp.dat Save
Plot BJD-RV Plot o-rv Plot no-rv
Current command:
5 EXIT

or

> python3 GUI_vpr.py




Post-processing of the RV data

RV plots l Parameters ] Residuals ]

Gui VPR

select none
\w 29 ®m 30 m 31

<I23 u 24 25 26 u 27

select none‘ select all |

PlotRVs
Input — e —
<fm.—r:0.dat Search data ﬁlej
‘w | Search data file *
—0 | Compare |
roset rvo roset rvo 2

[T

ter RV values

[~ cenRVs to zero medi

r ocennvo 1

ocen rvo 2

~Plotting Options:
sort by: BJD
offset rve: 400

Other-
|V average: |(wmean

@tmp.dat

Save 2‘

—_—

Plot no-rv

Plot BJD-RV ! Plot o-rv |

S —

Current command:

=

EXIT

EL |

Input data
- #.rvo.dat file
- RVs for all orders and observations

Order selection

Parameter settings
- center combined Rvs
- subtract order offset

Plotting options
- combined RVs vs time
- RVs of single orders

Output name and format
- write out final RVs
- will be overwritten each time!
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