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MEASUREMENTS DO I NEFED?

A proposal needs to answer:

* What signal am | trying to measure?

* Which instrument can measure it?

* \What precision can | realistically obtain per exposure?
« How many measurements are required?

« (Can | demonstrate that the requested observations achieve the
science goal?



SCIENCE REOUIREMENT

What exactly do we want to do? What do we measure?
» Detect planets  FAP/FIP/logZ
 Measure masses * Mass precision

» Resolve orbital periods » Period uniqueness

» Disentangle dynamical and activity
signals
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PHOTON NOISE

Target Input Flux Distribution

® Template Spectrum G2V (Kurucz) v Redshift . Masmitode s Mo S
- arget Magnitude an ag.System:
O MARCS Stellar Model | Teff=4000 log(g)=-0.5 [Fe/H]= 0 M= 1 v|ET ¢ < @Vj ay
vel=[to ]
O Upload Spectrum ©AB
Magnitudes are given per arcsec? for extended sources
O Blackbody Temperature: K

Instrument Setup

Telescope feed:

Resolution/detector mode: | singleHR21 8i Single UT, high spectral/RV resolution, 2x1 binning and slow readout

Exposure Time: s

* Radial velocity precision:
o Wavelength: 551.236 nm (order 111 center)
o Exposure time: 900 s
o S/N:129.203
o

RV precision: 0.46 m/s




HTC “MISFIRES™

GJ 1002 (M5, V13.84)

Target Input Flux Distribution

® Template Spectrum M2V (Pickles) v

Redshift .
2=000 ‘ Target Magnitude and Mag.System:
O MARCS Stellar Model | Teff=4000 log(g)=-0.5 [Fe/H]= 0 M= 1 v :

® Vi
[Vv|=[1384 5 eea

AB

Magnitudes are given per arcsec? Jor extended sources

O Upload Spectrum

O Blackbody Temperature: K

Instrument Setup

Telescope feed:

Resolution/detector mode: | singleHR21 8i Single UT, high spectral/RV resolution, 2x1 binning and slow readout

Exposure Time: s

* Radial velocity precision:

o Wavelength: 551.236 nm (order 111 center)

o Exposure time: 900 s
o S/N: 20.7259
o RV precision: 2.89 m/s
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INSTRUMBENT PRECISION

ESPRESSO (VIS) 10 cm/s
EXPRESS (VIS) 10 cm/s
MAROON-X (VIS) 30 cm/s
NEID (VIS) 30 cm/s
HARPS (VIS) 0.8 m/s
HARPS-N (VIS) 0.8 m/s
NIRPS (NIR) 1 m/s

PES (VIS) 1 m/s
CARMENES (VIS) 1 m/s
HIRES (VIS) 1-2 m/s
SOPHIE (VIS) 2 m/s
SPIROU (NIR) 2 m/s




STHLLAR ACTIVITY

Oscillations (P-modes): Minutes
<2 m/s

Granulation/Supergranulation: 1-2 hours to 1-2 days
<2m/s

Stellar rotation: < 1 day to > 100 days
<1m/sto>1km/s

Stellar cycles: Years
<1m/sto>10m/s




STHLLAR ACTIVITY

* QOscillations (P-modes): Minutes

ARV [m/s]
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STHLLAR ACTIVITY

* QOscillations (P-modes): Minutes -> Bin by exposure time
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STHLLAR ACTIVITY

* Granulation/Supergranulation: 1-2 hours to 1-2 days

RV (m/s)
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STHLLAR ACTIVITY

* Granulation/Supergranulation: 1-2 hours to 1-2 days

Fe/H
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STHLLAR ACTIVITY

« Stellar rotation: < 1 day to > 100 days
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STHLLAR ACTIVITY

« Stellar rotation: < 1 day to > 100 days
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STHLLAR ACTIVITY

« Stellar cycles: Years

A Smw

A RV [m/s]

FWHM [m/s]
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STHLLAR ACTIVITY

2 — ~2 2 2 2
G~ stellar = O oscillatons T O granulation + G rotation T O cycles

* O oscillations = 0-0.1

* O granulation = 0 — 1 (depending on spectral type)
* O rotation = Ko/ 1.47

* O ¢ycle = O (for short proposals)

Sun-like star, 1 year of observations?

2 — 2 2 2 2
G stellar = 0.1 oscillations t 0.3 granulation + 1.8 rotation T 0 cycles

O stellar ~ 1.8 m/S




HITRST ORDIR

FSTIMATE
V2oRy
ory = 1.8 M/s , ~ -
KRV _ m/s TK \/ﬁ .
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N ~ 160 measurements



HITRST ORDIR

BESTIMATE
V2ogy
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LIMIETATIONS OF
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CAN WE MAKE A BETTER
HSTIMATION?
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CAN WH MAKE A BE'T'TER ESTIMATION?

1. Yes
We don't need to actually mimic the star. Only produce

2. It's not that hard data that (roughly) behaves the same.

3. | promise
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11— PHOTON NOISE

A RV (m/s)

A FWHM (m/s)
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[ =ACTIVITY

prot = 88+np.random.uniform(@,1@)
krot = np.random.normal(2.3%¥1.4,8.3)
181 = np.random.uniform(@,prot)

t@2 np.random.uniform(@,prot*@.5)
183 = np.random.uniform(@,prot*e.33)

k2 = np.random.uniform(@,8.6)
k3 = np.random.uniform(@,8.3)

trend = 1-@.3*np.abs(np.sin(2*np.pi*(x_orig-45)/258))
y_act = -krot*np.sin(2¥*np.pi*(x_orig-t01)/prot) \
- k2*krot*np.sin(4*np.pi*(x_orig-t82)/prot) \
- k3*krot*np.sin(6*np.pi*(x_orig-t83)/prot)
y_act = y_act*trend
y _act = y_act/np.std(y_act)*18

grad act =np.gradient(y_act)/np.std(np.gradient(y_act))
lin_act = y_act/np.std(y_act)

y_act rv = ©.9%grad_act - ©.1*1in_act

“Base activity”: Sum of 3
sinusoidals (P, P/2, P/3) with
somewhat random parameters.

Activity in RV: FF' projection into
RV.

Proxima:

« 85 days rotation

« 2.3 m/s RV RMS

* 10 m/s FWHM RMS



[ =ACTIVITY

prot = 88+np.random.uniform(@,1@)
krot = np.random.normal(2.3%1.4,08.3)
101 = np.random.uniform(@,prot)

102 = np.random.uniform(@,prot*a.5)
103 = np.random.uniform(@,prot*6.33)
k2 = np.random.uniform(@,8.6)

k3 = np.random.uniform(@,8.3)

trend = 1-@.3*np.abs(np.sin(2*np.pi*(x_orig-45)/258))
y_act = -krot*np.sin(2*¥np.pi*(x_orig-t@l1l)/prot) \
- k2*krot*np.sin(4*np.pi*(x_orig-t82)/prot) \
- k3*krot*np.sin(6*np.pi*(x_orig-t83)/prot)
y _act = y_act*trend
y act = y_act/np.std(y_act)*18

grad act =np.gradient(y_act)/np.std(np.gradient(y_act))
lin_act = y_act/np.std(y_act)

y act rv = 8.9%grad _act - 0.1*%1lin_act

—04 0.2 0.0 0.2 0.4
Phase

Aigrain et al. 2011



[ =ACTIVITY
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[ =ACTIVITY

=
= 0.0\
<l

A
| = RV
~—4— FWHM

0 25 50 75 100 125 150 175 200
BJD - min(BJD)

Using FF' concept implicitly creates phase lags and higher complexity in RV



[ —=ACTIVITY+NOISE
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1 =ACTIVITY+NOISEAPLANETS
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V' — FINAL SAMPLING
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VIi—MODELLING

priors = [[r"Log Jit FWHM","N",2.3,2.3],

[r"Log Jit RV","N",0.8,0.8],
. . [r"Ve FuHM" ,0.9,30],
T = [Jd:Jd] [r"V8 RV","N",0.0,10],
[r"Period Rot (d)","N",85,20],
Y = [fwhm, rv] [r"Log T5","0",3,7],
_ [r"Log Scale","U",-5,10],
Yerr = [sfwhm,erv] [r"AL FUHI","U",0,100],
t_full, y_full, yerr_full, series_index = cov.merge_series(T, Y, Yerr) E:‘;‘i o jg;igéi
MK 1 (/)" °0",0,5],
[r"Period 1 (d)","N",11.2,0.1],
GP1 = term.MultiSeriesKernel(term.SHOKernel(1, 43,43,1), series index, \ EPI:EH;'(',;U')';P;?‘JE .
r m/s)”, EArY 5
[]'J 1] 3 AN [r"Period 2 (d)”,"N",5.12,0.05],
[r"PH 2","U",0,1]]
(e ,1])
GP2 = term.MultiSeriesKernel(term.SHOKernel(1, 43,43,1), series_index, \
priors_ns,priors_print,labels = prepare_priors(priors)
[1, 11, \
pool = Pool()
[E} k] 1]) cpu = multiprocessing.cpu_count() - 2
ndim = len(priors_ns)
C = cov.Cov(t full, ';i;: :tgzi'j?gl
err = term.Error(yerr_full), queue = int(cpu*2)
fwhm_jit = term.Instrumentlitter(series_index[0], 1.8), print("N din",ndin)
o . . . print("N live",nlive)
rv_jit = term.InstrumentJitter(series_index[1], 1.8), print("Qeue size”,queue, "Qeve / cpu”,queue/cpu)
terml = GP1,term2=GP2) sampler = dynesty.NestedSampler(loglike, prior_transform, ndim,nlive=nlive, pool=pool,queue_size=queue,sample="rslice")

print (sampler.citations)

params_gp names = C.param # Run the sampler
sampler.run_nested(dlogz=dlogz_stop)

pool.close()

Model the data the simulated data the same way you would model the real data.



VIil— RESULTS

Consistent with Faria et al. 22
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Simulated results of a campaign on LHS 1678 with ESPRESSO (approved proposal P116)



1V ="THE CURSE OF TIME-SERIES

Time-series data are difficult to obtain.

« Many observatories are not efficient at taking time series

« Weather losses and conflicts with other programs will create unexpected gaps in the data
« [ow priority ranking affects time-series data more than other types of observations

» You are rarely getting as much data as you are requesting



TAKEANAY MESSAGES

» Know what you are trying to measure

« Be aware of the different sources of noise

« Simple formulas can predict the expected significance of large signals in white noise
« Simple formulas will miss the mark for small signals in the presence of stellar activity
» Simulating data that roughly represents reality is not too difficult (and it's kinda fun)

» Treat simulated data exactly as you would treat the science data

» Be greedy with your requests

» Beware of overly optimistic simulations. You can simulate anything you want, but that won't
change the real data. Try to be realistic.



1T HANKS FOR
YOUR ATTENTION

...and have fun simulating RV data
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