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Introduction 

Over the past two decades, the variety of exoplanetary systems 

discovered has forced astronomers to rethink theories of planet formation 

and evolution. Observationally, the key to testing these theories is to find 

planets around stars that are as young as possible. In particular, building 

up statistics on planet populations during the epochs in which planetary 

systems rearrange themselves into their final configuration is crucial.  

Radial velocity searches will play an important role in the search for these 

systems; however, the vast majority of planets that have been discovered 

with this technique belong to mature systems of approximately solar age 

or older. The biggest hindrance to finding planets around young stars is 

radial velocity noise from the stars themselves. Commonly referred to as 

“stellar jitter,” surface inhomogeneities such as starspots, plages, 

convection, and flares are much more pronounced in stars younger than 

the Sun. These effects, along with the rapid rotation exhibited by young 

stars, introduce noise into radial velocity measurements that can mask, or 

even mimic, the signal of a planet (Saar 2009).  

Due to the importance of young systems in understanding planetary 

system formation and evolution, we have undertaken a project to better 

understand stellar jitter in young stars and how it relates to more easily 

observable parameters such as stellar chromospheric activity. 

Our observations show a clear correlation between 

stellar activity and the minimum level of stellar 

jitter (Figure 2). At the low activity end of our 

sample, radial velocity scatter approaches the 

instrumental precision of HIRES of a few m/s. As 

stellar activity increases, however, the level of 

scatter rises to over 100 m/s. This rise can be 

attributed to the effects of stellar jitter, as discussed 

above. Figure 2 shows the mass of a hypothetical 

planet that would produce an RV signal equal to 

the observed jitter (assuming a circular orbit at 1 

AU around a solar mass star). To further quantify 

the detectable planet mass-separation parameter 

space, we calculate the minimum planet mass 

required for the planet to be detected 50% of the 

time using Cumming (2004) and Narayan (2005): 

 

 

Ni and F are the number of periodogram 

frequencies sampled and false positive probability, 

which we take to be 1000 and 0.001, respectively, 

following Cumming (2008). ν, the number of 

degrees of freedom in the orbital fit, is the number 

of observations minus three for a circular orbit. σ is 

the expected stellar jitter from Figure 2, while M* 

is taken to be 1 solar mass. Figure 3 shows the 

results of this calculation for planets with periods 

of 1, 100, and 1000 days and with 10, 20, and 50 

observations available. Our results can be used in 

future radial velocity surveys to provide an a priori 

estimate of the expected astrophysical noise and 

detection limits simply from a knowledge of the 

chromospheric activity of the target stars. 

Figure 1: Our stars are younger and 

more active than typical planet hosts. 

Figure 2: For high activity stars, stellar 

jitter can reach hundreds of m/s. 

Figure 3: Stellar jitter limits the detectable 

parameter space for exoplanets. 

Observations and Analysis 

To study the relationship between stellar jitter and 

stellar activity, we have obtained over ten years of radial 

velocity measurements taken with the HIRES 

spectrograph at Keck Observatory. Our sample consists 

of 171 F, G, and K stars with ages ranging from a few 

Myr to solar age. This sample pushes to much younger 

ages and higher activity levels than typical RV 

monitoring programs (Figure 1). To quantify jitter, we 

used the observed scatter in our RV measurements for 

each star. Simultaneously, we used HIRES to monitor 

the activity of these stars, parametrized by R’HK, the 

ratio of a star’s luminosity in the Ca II H and K 

emission lines (3934 and 3968 Å) to its bolometric 

luminosity (Middelkoop 1982, Noyes 1984).  
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