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The WIYN Open Cluster Survey

- 100,000+ radial velocities (σ = 0.4 km/s) were taken for 14,000 solar-type stars 

over 30+ years.

- However, 25% of stars could not be well described by the classical single star 

evolutionary track. 

- Instead, binary stars (i.e. blue stragglers) could be better described through 

mass transfer, stellar collision, and stellar merger.



Example RVD



theJoker

“A custom Monte Carlo sampler for sparse or noisy radial velocity measurements of two-

body systems that can produce posterior samples for orbital parameters even when the 

likelihood function is poorly behaved (Price-Whelan et al., 2017)”.

Rejection Sampleing on linear parameters (velocity amplitude, barycenter velocity)

Monte Carlo Sampler refinement on all orbital parameters

The Joker [YO-ker] /’joʊkər/

https://thejoker.readthedocs.io/en/latest/index.html
https://thejoker.readthedocs.io/en/latest/index.html


Example theJoker orbits (with only 5 RVD)



Rejection Sampling and MCMC

Star 7004 P:529.9 days e: 0.103



Significance to Future Observing (WIYN/NEID data)

3-4 data points offer no constraints on orbit from either rejection sampler or mcmc

5-7 data points let the rejection sampler constrain possible orbits; mcmc still performs 

poorly

8-10 data points are required for the rejection sampler to find unimodal (in period) 

solutions. The mcmc starts to converge with the rejection sampler in this range

Only for low-period (<1000 days) and low-eccentricity (<0.5) binary systems



Example theJoker orbits (with only 5 RVD)



theJoker Design

TheJoker was originally envisioned to estimate orbital parameters with only a few (3 - 4) 

radial velocity measurements in the APOGEE dataset. 

Over the summer, we apply theJoker on single-lined binaries within the NGC 188 (Geller 

et al., 2009) and M67 (Geller et al., 2021), where we have at least 10+ observations for 

each binaries system.

By the design, theJoker was not meant to find orbital parameters to the publishable 

precision. However, it is meant to find a sample of close orbit candidates with less than 12 

RV measurements, comparing to direct integration. 



Publishable Precision
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● Thanks for listening!

● Any Questions? 

● panpi@umich.edu

mailto:panpi@umich.edu


Notes on theJoker

Multimodal solutions do not mean bad estimate of orbit. Sometimes, unimodal could be 

more deviate from the “true” solution. 

When both unimodal and multimodal are away from the “true” solution, multimodal could 

be more informative on possible orbits and RVD.

Longer period (>300 days) and higher eccentricity systems require more observations 

(12+). The MCMC seems to perform better than the rejection sampler for higher 

eccentricity systems with at least 10 observations.
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