
Searching for GEMS: TOI-5916 b & TOI-6158 b are two Saturn-density planets orbiting M2 dwarfs
Shane O’Brien1, Amber Wong1, Te Han1, Paul Robertson1, Shubham Kanodia2, Caleb I. Cañas3, HPF Science Team

1University of California, Irvine (UCI), 2Earth and Planets Laboratory, Carnegie Institution for Science, 3NASA Goddard Space Flight Center

Introduction to this Work:
• In this work, we confirmed two candidate exoplanet 

systems that were first identified by the Transiting 
Exoplanet Survey Satellite (TESS) as objects of interest

• This confirmation was done by comparing data from 
TESS, the Habitable-zone Planet Finder (HPF) radial 
velocity (RV) spectrograph, and other ground-based 
observations

• Their astrophysical parameters were derived through a 
Bayesian inference pipeline using Markov Chain Monte 
Carlo (MCMC) sampling

• The resulting parameters were then compared to other 
GEMS systems as well as some FGK dwarf systems, 
allowing us to see where our two systems fit amongst 
similar giant exoplanet systems

What are GEMS?
• Giant Exoplanets around M dwarf Stars (GEMS) are a 

class of extra-solar planets with radii of about 0.7 to 
1.3 times that of Jupiter (or about 8 to 15 times the 
radius of the Earth) that orbit M dwarf stars

• M dwarf stars are small, low temperature stars 
between 0.08 and 0.6 times the size of our Sun and 
temperatures between 2,600K and 4,000K (where the 
Sun is about 5,700K), giving them a reddish hue

• Due to their small size and low temperatures, such 
stars should theoretically lack the required material to 
form planets and struggle to do so
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Results: Planetary & Stellar Parameters:
• Through use of our joint-fitting pipeline, and with stellar spectrum 

analysis, we were able to derive a set of astrophysical parameters 
for both planets as well as their host stars:

Conclusion:
• We have confirmed that TOI-5916 b and TOI-6158 b are indeed two 

new GEMS exoplanet systems that appear to add to a growing trend 
that GEMS systems exhibit Saturn-like densities

(Illustration of a GEMS system)

Methods: Detection & Sampling:
• Transit Detection via TESS & Ground-Based Sources:
• When exoplanets cross in front of their host star, the resulting dip in brightness 

can be detected by instruments like TESS, which we can then compare with other 
ground-based telescope sources to further verify

• Radial Velocity Measurements via HPF:
• By analyzing the spectrum of light from the host star, instruments like HPF can 

see periodic shifts in the wavelength of light due to the planet’s gravitational 
pull on the host star, giving us further evidence of the presence of an exoplanet

• Bayesian Inference via MCMC Sampling (Joint-Fitting):
• Once we have both transit and RV data, we put it through a data pipeline that 

derives a set of parameters for each system
• Our pipeline does this by taking in the observed prior data and outputting a 

posterior set of parameters that give us some further insight into our targets

• Despite this, the amount of GEMS systems that have 
been detected defy the occurrence rate predictions 
of GEMS

• Investigating and characterizing more of these 
GEMS systems can help us to understand this 
discrepancy between occurrence rate and 
observation, and hopefully give us more insight as 
to how they come to form

• The desire to better understand the formation 
mechanisms of GEMS has led to the Searching for 
GEMS survey, the larger survey of which this project 
is a part of

• Through confirming these two new GEMS systems, 
we helped strengthen the notion that FGK dwarfs 
and M dwarfs may share a similar formation 
pathway independent of stellar mass

• Read our pre-print by scanning the QR code!
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