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RVS IN THE TRANSIT ERA

Radial velocities are crucial for transit follow-up:

- planet confirmation/rejection y -

‘‘‘‘‘‘
_______
______________
-----------------------

- mass (RV) + radius (transit) = planet densities

€s0.0rg

Between survey programs and follow-up,
RV facilities can't keep up!


http://eso.org

STELLAR RADIAL VELOCITY JITTER

In short, RV variations induced by stellar variability

Magnetically driven Convection driven

star spots/faculae granulation

flares oscillations

RV jitter increases with activity RV jitter increases with convection

Saar et al. (1998), Santos et al. (2000), Wright (2005),
Isaacson & Fischer (2010)...among others

Wright et al. (2005), Dumusque et al. (2011),
Bastien et al. (2014)
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Activity-dominated

Active stars pile up
toward high logg
(~ZAMS)

Convection-dominated

Inactive stars increase
with evolution




RV JITTER TRACKS STELLAR EVOLUTION

Giants

0.6 . . .
1. Star is born, active and jittery

2. Spins down, decrease in activity/jitter

3. Falls to "jitter minimum”

- 0 4. Gradual increase from convection

Luhn et al. (2020a)




JITTER MINIMUM DEPENDS ON MASS

More massive stars hit
jitter minimum at later
evolutionary stages

- Massive stars evolve more
quickly

- Stars above the Kraft break
only spin down after they
gain a convective envelope
in the SG phase

Luhn et al. (2020a)




DISTINGUISHING LOW JITTER F STARS

Insight: high jitter stars will be either active or

Whole sample
* “F” stars

. 1.5 2
J =2(log(R'yk) + 5.4) + (4.5-Mg)/2.

0.2 0.3
Luhn et al. (2020Db)




DISTINGUISHING LOW JITTER F STARS

Insight: high jitter stars will be either active or

Whole sample
* “F” stars

: 1.5
J =2(log(R'yk) + 5.4) + (4.5-Mg)/2.

0.2 0.3 . . . . : .
Luhn et al. (2020b) _ Made to separate high and low jitter




A SIMPLE JITTER PREDICTOR

100

Stars with |’ < 1.5

a = 0.24978

b = 0.53587

Median percent

1 error: 27%

-0.5 0 0.5 1 1.5 2 2.5

i = 2(|59(R’HK) +5.4) + (4.5-Mg)/2

| Wright (2005) predictor is good to a factor of ~2
Luhn et al. (2020c, in prep.)




A SIMPLE JITTER PREDICTOR

(Activity term only)

: | Stars with |’ < 1.5

a = 0.24978

b = 0.53587

Median percent

error: 27%
05 0 05 1 15 2 25

i = 2(|59(R’HK) +5.4) + (4.5-Mg)/2

| Wright (2005) predictor is good to a factor of ~2
Luhn et al. (2020c, in prep.)




JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL

Activity Granulation Oscillations Instrumental

log Fi = 1 log R;{Ki + K lOg Mi + ¢, Priors on hyperparameters tor G ana
| come from scaling relations in Luhn et

‘ al. (2020a), based on Kjeldsen &
log G, =y, log T 4; H P> log g; +Ha, Jog R; +Hc; Bedding (2011)

log H: = y;log Lopr; H pilog g +as 10g R; +c,

Luhn et al. (2020c¢, in prep.)



June 24, 2013 Resolved oscillations

Best Fit Sinusoid M atCh pore d Icte d

— = = Expected amplitude (Kjeldsen+ 2011)

amplitude ot Kjeldsen
& Bedding (2011)

Priors on hyperparameters for G ana

come from scaling relations in Luhn et

al. (2020a), based on Kjeldsen &
Bedding (2011)

Time (hr)




JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL

Activity Granulation Oscillations Instrumental
log F; = n,10g R}y . + iy log M, + ¢ Priors on hyperparameters for GG ano
| come from scaling relations in Luhn et

‘ al. (2020a), based on Kjeldsen &
log G, =y, log T 4; H P> log g; +Ha, Jog R; +Hc; Bedding (2011)

log Hi ={ v, 10g Teff,z‘ 4 ﬁ3 10g g. +Ha; J_Og Rl, +c; With this model we can easily

incorporate the stellar

| uncertainties into the fit
Luhn et al. (2020c¢, in prep.)



JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL

Fitting the Jitter

Activity Granulation Oscillations Instrumental

Introduce upward scatter S from a gamma distribution (planets)

Jtrue,i — JflOOr,i X (Sl T 1) Si ™~ F(CZ, ,B)

Luhn et al. (2020c¢, in prep.)



JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL

Fitting the Jitter

Samples
Median

Jtrue,i — ]fl()ar,i X (Sl T 1)

0.0
0 1 2 3 4 5 6

Luhn et al. (2020c¢, in prep.) S(a,p)+1 I (Jtme/JfZOOF)



JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL

Fitting Results

Luhn et al. (2020c¢, in prep.) Data Flt

-2 4 E ® Fit
O ® | Observed O

100 | | | | | | | | |
—-54 =52 -50 —-48 -406 —-44 -—-4.72 —-54 -52 —-50 —-48 -406 -44 -—-4.72

log(R"1k) log(R"Hk)

This is our ability to fit with this model... we want to predict



JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL

Luhn et al. (2020c, in prep.)
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JITTER PREDICTOR: HIERARCHICAL BAYESIAN MODEL
Predicting Results

Luhn et al. (2020c¢, in prep.)

Can predict jitter to
20-25% error for most

stars!
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Models all stars in sample!
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Models individual
components of RV jitter!




IrrTER TO  ESTIMATE RV
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A public Python package to allow users to predict RV jitter ...coming soon

- Returns individual components of RV jitter for the astrophysical floor

- Allows for user-input stellar parameter PDFs

- Modeling instrumental uncertainty allows translating to other instruments
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CONCLUSIONS

RV jitter evolves from activity- to convection-dominated

More massive stars reach their “jitter minimum” at later evolutionary stages

Low jitter (< ~5m/s) F stars exist and can be distinguished
The F star “jitter metric” works for other stellar types!

We are building a tool to predict jitter for a wide range of stars!

By modeling individual components of RV jitter we can inform:
- target selection & prioritization

- observation strategies (mitigating individual components)

Luhn et al. (20203) Luhn et al. (2020b) Luhn et al. (2020c, in prep.)
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