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A privileged view of a star

What can we learn about planet 

system characterization from 

observing the Sun?



A privileged view of a star

“Thinking about” the Sun as a star 

Utilizing our privileged viewpoint

Using Sun-as-a-star data



A privileged view of a star

Solar observations help us understand:

o the impact of stellar variability on exoplanet 

detectability for Sun-like stars

“Understanding and modeling intrinsic stellar 

variability is critical to achieving EPRV”

                        EPRV Working Group Final Report 2021



A privileged view of a star

Solar observations help us understand:

o the impact of stellar variability on exoplanet 

detectability for Sun-like stars

oDifferent scales of granulation

oMagnetic activity

oStellar oscillations, waves and flows



A privileged view of a star

Solar observations help us understand:

o the impact of stellar variability on exoplanet 

detectability for Sun-like stars

o how this variability affects the planetary signals 

and hence inferred planet properties; and 

o how to mitigate its impact



A privileged view of a star

Solar observations help us understand:

o potential biases in estimation of the 

fundamental properties of the host star; and

o how to improve the precision and accuracy of 

those estimations



A privileged view of a star

Solar observations help us understand:

o What we can learn about the host star’s 

activity to help build a holistic picture of 

system, e.g., impact of activity on planetary 

environments, its timeline etc.



Global Oscillations 

Network Group (GONG)
Helioseismic Magnetic 

Imager (HMI) on SDO

Polarimetric and Helioseismic 

Imager (PHI) on Solar Orbiter

Resolved Sun data
Examples of currently operating instruments



Resolved Sun data



HELIOS/HARPS 

at La Silla

LCST/HARPS-N 

at La Palma

NEID solar feed at 

Kitt Peak

LOST feed to EXPRES 

at Lowell

Solar feeds to 
high-precision 
spectrographs 
Sun-as-a-star data



Dumusque et al. 2021; Haywood et al., 2022; Zhao et al. 2023; Lakeland et al. 2024

Using solar observations to understand 
and mitigate RV variability



Rescigno et al. 2024; Palumbo et al. 2024; Klein et al. 2024; Meunier et al. 2024; Siegel et al. 2024

Using solar observations to understand 
and mitigate RV variability



Benchmarking MHD simulations with 
solar observations



Stellar Observations 
Network Group (SONG)

Sun-as-a-star radial velocity data feed



Birmingham      
Solar-Oscillations 
Network

BiSON



A day of solar oscillations with BiSON



Utilizing BiSON data

Benchmarking 

"oscillations 

filter”

New long-timescale 

calibration of BiSON 

data for EPRV studies



Lanza et al., 2019, A&A, 623, A50

Global-scale Rossby waves
Simulations for a Sun-like star 



Seismic solar cycles with BiSON
Solar p-mode frequency shifts over time
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Howe, Chaplin, et al., 2025, MNRAS, in the press

“Farside” Sun-as-a-star helioseismology 
on sub-rotation-period timescales  

o Seismic variability 

on 7-day 

timescales

o Tracking changing 

active region 

morphology via 

seismic response



Changes in mode 
powers don’t follow 
changes in mode 
frequencies

o Modes are excited and 

damped by granulation

o This is therefore a probe 

of granulation and its 

changing properties

242322 25

Howe, Chaplin, et al., 2022, MNRAS, 514, 3821

BiSON data



Credit: NASA/SDO/Goddard

Seismic inference on active latitudes
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Inference on active latitudes 
Frequency shifts depend on how spherical harmonic of 

mode (l, m) maps to distribution of activity 



Thomas, Chaplin et al. 2019, MNRAS, 485, 3857

Principles of the method



Results: Sun-as-a-star 

BiSON data

Thomas, Chaplin et al. 2019, MNRAS, 485, 3857



Results: solar analogue 

HD 173701

Thomas, Chaplin et al. 2019, MNRAS, 485, 3857



Hatt, Chaplin, Howe, Nielsen, Stokholm et al., in prep

Asteroseismology on sub-rotation-period 
timescales   7-d Kepler segments on HD 173701 
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ESA PLATO Mission
Bright stars; Kepler-like quality and dataset 

lengths; large sky coverage like TESS



A privileged view of a star

What can we learn about planet 

system characterization from 

observing the Sun?



End
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