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Figure 1: HR diagram for the Upper Scorpius OB Association. Stellar evolution model isochrones are shown in black.
Labels show the ages inferred from di�erent sub-populations in the association, highlighting a clear discordance
between ages of hot and cool stars.

mid-infrared imaging and spectroscopic space telescope. One of the primary science justi�-
cations of JWST is the study of young stellar environments in nearby young moving groups
(Gardner & et al. 2006). The Mid-Infrared Imager will identify and characterize the environ-
ments around young stars with the aim of developing robust statistics on the fraction of stars
with proto-planetary disks and those with giant planet or brown dwarf companions on wide
orbits. Therefore, the synthesis of Gaia and JWST data products will yield unprecedented
insight into giant planet formation and evolution processes within the next 3 – 5 years. How-
ever, our ability to construct a coherent and accurate picture of star and planet formation
processes depends inextricably on our ability to prescribe ages to the targeted young moving
groups.

Prescribing accurate absolute ages for young stellar populations is a notoriously di�cult task
due to a necessary reliance on predictions from stellar evolution models (e.g., Soderblom et al.
2014). The textbook picture of early stellar evolution (e.g., Henyey et al. 1955; Hayashi 1961;
Iben 1965) as the collapse of a spherically symmetric, homogeneous ball of gas from an initial,
arbitrarily large radius down to a hydrogen core burning star appears incomplete. Empiri-
cal Hertzsprung-Russell (HR) diagrams of young stellar populations, for example, exhibit a
number of features that challenge this simple evolutionary picture (Naylor 2009; Da Rio et al.
2010b; Herczeg &Hillenbrand 2015). Figure 1 illustrates two problemswith the simple picture.
First, the observational data (grey points) exhibit signi�cant scatter and do not form a tight
sequence as is predicted by stellar evolution models (black lines). One expects scatter due
to observational errors, but they unable to account for the fully scatter (Pecaut et al. 2012).
Similar scatter is seen in several other young associations in the Milky Way (Da Rio et al.
2010b) and the Large Magellanic Cloud (Da Rio et al. 2010a). This either indicates there are
intrinsic age spreads in young associations or that our simple picture of early stellar evolution
is incomplete

Perhaps more concerning is that the median age inferred for the stellar population in Figure 1
is highly dependent on which sub-population of stars is used in the analysis. Stars with sur-
face temperatures hotter than 6 000 K are best characterized by a median age between 9 and
14 Myr, whereas the cool stars have a median age around 4 to 5 Myr. Stellar evolution mod-
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Adapted from Feiden (2016, A&A, 593, A99) 

Context
Stellar evolution models of cool young stars routinely 
fail to reproduce the observed properties of real stars, 
jeopardizing the validity of model-derived stellar ages 
and masses.1,2

Starspots have emerged as a leading explanation for 
the anomalous properties of cool young stars.3 It’s 
assumed that stars inflate and become cooler due to 
the presence of spots.4 However, there is little 
evidence to suggest this must necessarily be true.

What are we doing about it?
We developed a simple phenomenological model to 
incorporate starspots into stellar model predictions 
without making these assumptions [POSTER 125]: 

We’re applying this model to color-magnitude 
diagrams of young clusters to extract best-fit 
properties for the spots and their impact on stellar 
structure. [POSTER 10] 

When and how much should we trust our results?

Creating synthetic clusters
To test the viability of our approach, we created 1500 synthetic stellar clusters with random ages, richness, and spot 
properties (temperature contrast and surface coverage) using two different physical assumptions.

How well can we recover starspot properties?
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Step 1: Add Spots to Isochrone Step 2: Populate the CMD Step 3: Add Scatter / Reddening
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    Age = 150 Myr
[Fe/H] = 0.0 dex
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<latexit sha1_base64="BSV/MVcLSZeCcNtCGnhVSqf+wTo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07IrBe1BKHjxWMG1hXYt2TTbhmaTJclWSun/8OJBxas/xpv/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKa+sbm1vF7dLO7t7+Qfnw6EHLTBEaEMmlakVYU84EDQwznLZSRXEScdqMhjczvzmiSjMp7s04pWGC+4LFjGBjpcfOCCs1kOgaeW7N65YrnuvNgVaJn5MK5Gh0y1+dniRZQoUhHGvd9r3UhBOsDCOcTkudTNMUkyHu07alAidUh5P51VN0ZpUeiqWyJQyaq78nJjjRepxEtjPBZqCXvZn4n9fOTHwVTphIM0MFWSyKM46MRLMIUI8pSgwfW4KJYvZWRAZYYWJsUCUbgr/88ioJLtya699VK/VqnkYRTuAUzsGHS6jDLTQgAAIKnuEV3pwn58V5dz4WrQUnnzmGP3A+fwDz15D+</latexit><latexit sha1_base64="BSV/MVcLSZeCcNtCGnhVSqf+wTo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07IrBe1BKHjxWMG1hXYt2TTbhmaTJclWSun/8OJBxas/xpv/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKa+sbm1vF7dLO7t7+Qfnw6EHLTBEaEMmlakVYU84EDQwznLZSRXEScdqMhjczvzmiSjMp7s04pWGC+4LFjGBjpcfOCCs1kOgaeW7N65YrnuvNgVaJn5MK5Gh0y1+dniRZQoUhHGvd9r3UhBOsDCOcTkudTNMUkyHu07alAidUh5P51VN0ZpUeiqWyJQyaq78nJjjRepxEtjPBZqCXvZn4n9fOTHwVTphIM0MFWSyKM46MRLMIUI8pSgwfW4KJYvZWRAZYYWJsUCUbgr/88ioJLtya699VK/VqnkYRTuAUzsGHS6jDLTQgAAIKnuEV3pwn58V5dz4WrQUnnzmGP3A+fwDz15D+</latexit><latexit sha1_base64="BSV/MVcLSZeCcNtCGnhVSqf+wTo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07IrBe1BKHjxWMG1hXYt2TTbhmaTJclWSun/8OJBxas/xpv/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKa+sbm1vF7dLO7t7+Qfnw6EHLTBEaEMmlakVYU84EDQwznLZSRXEScdqMhjczvzmiSjMp7s04pWGC+4LFjGBjpcfOCCs1kOgaeW7N65YrnuvNgVaJn5MK5Gh0y1+dniRZQoUhHGvd9r3UhBOsDCOcTkudTNMUkyHu07alAidUh5P51VN0ZpUeiqWyJQyaq78nJjjRepxEtjPBZqCXvZn4n9fOTHwVTphIM0MFWSyKM46MRLMIUI8pSgwfW4KJYvZWRAZYYWJsUCUbgr/88ioJLtya699VK/VqnkYRTuAUzsGHS6jDLTQgAAIKnuEV3pwn58V5dz4WrQUnnzmGP3A+fwDz15D+</latexit><latexit sha1_base64="BSV/MVcLSZeCcNtCGnhVSqf+wTo=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbB07IrBe1BKHjxWMG1hXYt2TTbhmaTJclWSun/8OJBxas/xpv/xrTdg7Y+GHi8N8PMvCjlTBvP+3YKa+sbm1vF7dLO7t7+Qfnw6EHLTBEaEMmlakVYU84EDQwznLZSRXEScdqMhjczvzmiSjMp7s04pWGC+4LFjGBjpcfOCCs1kOgaeW7N65YrnuvNgVaJn5MK5Gh0y1+dniRZQoUhHGvd9r3UhBOsDCOcTkudTNMUkyHu07alAidUh5P51VN0ZpUeiqWyJQyaq78nJjjRepxEtjPBZqCXvZn4n9fOTHwVTphIM0MFWSyKM46MRLMIUI8pSgwfW4KJYvZWRAZYYWJsUCUbgr/88ioJLtya699VK/VqnkYRTuAUzsGHS6jDLTQgAAIKnuEV3pwn58V5dz4WrQUnnzmGP3A+fwDz15D+</latexit>

N = 886 stars
<latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit><latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit><latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit><latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit>

N = 886 stars
<latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit><latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit><latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit><latexit sha1_base64="57M/PPdpy43ox53QyXQhO2LlrM8=">AAAB/HicbVBNS8NAEN3Ur1q/4sfNy2IRPJVEitaDUPDiSSoYW2hC2Wy37dLdJOxOhBqKf8WLBxWv/hBv/hu3bQ7a+mDg8d4MM/PCRHANjvNtFZaWV1bXiuuljc2t7R17d+9ex6mizKOxiFUrJJoJHjEPOAjWShQjMhSsGQ6vJn7zgSnN4+gORgkLJOlHvMcpASN17IMbfIlrtTMfZ76SWANRetyxy07FmQIvEjcnZZSj0bG//G5MU8kioIJo3XadBIKMKOBUsHHJTzVLCB2SPmsbGhHJdJBNrx/jY6N0cS9WpiLAU/X3REak1iMZmk5JYKDnvYn4n9dOoVcLMh4lKbCIzhb1UoEhxpMocJcrRkGMDCFUcXMrpgOiCAUTWMmE4M6/vEi808pFxb2tluvVPI0iOkRH6AS56BzV0TVqIA9R9Iie0St6s56sF+vd+pi1Fqx8Zh/9gfX5A7uXk6Y=</latexit>

E(B � V ) = 0.0 mag
<latexit sha1_base64="nEymXAMuZcABvIOoS7b/9G9llyw=">AAAB/3icbVDNSgMxGMzWv1r/Vj148BIsQj1YdqWgHoSiCB4ruG2hu5RsmrahSXZJskJZ9uKrePGg4tXX8ObbmLZ70NaBwDAzH1++CWNGlXacb6uwtLyyulZcL21sbm3v2Lt7TRUlEhMPRyyS7RApwqggnqaakXYsCeIhI61wdDPxW49EKhqJBz2OScDRQNA+xUgbqWsf3FauT5sn8Ao6VceHqS85NJGsa5eNMAVcJG5OyiBHo2t/+b0IJ5wIjRlSquM6sQ5SJDXFjGQlP1EkRniEBqRjqECcqCCdHpDBY6P0YD+S5gkNp+rviRRxpcY8NEmO9FDNexPxP6+T6P5FkFIRJ5oIPFvUTxjUEZy0AXtUEqzZ2BCEJTV/hXiIJMLadFYyJbjzJy8S76x6WXXva+V6LW+jCA7BEagAF5yDOrgDDeABDDLwDF7Bm/VkvVjv1scsWrDymX3wB9bnDy8mk8E=</latexit><latexit sha1_base64="nEymXAMuZcABvIOoS7b/9G9llyw=">AAAB/3icbVDNSgMxGMzWv1r/Vj148BIsQj1YdqWgHoSiCB4ruG2hu5RsmrahSXZJskJZ9uKrePGg4tXX8ObbmLZ70NaBwDAzH1++CWNGlXacb6uwtLyyulZcL21sbm3v2Lt7TRUlEhMPRyyS7RApwqggnqaakXYsCeIhI61wdDPxW49EKhqJBz2OScDRQNA+xUgbqWsf3FauT5sn8Ao6VceHqS85NJGsa5eNMAVcJG5OyiBHo2t/+b0IJ5wIjRlSquM6sQ5SJDXFjGQlP1EkRniEBqRjqECcqCCdHpDBY6P0YD+S5gkNp+rviRRxpcY8NEmO9FDNexPxP6+T6P5FkFIRJ5oIPFvUTxjUEZy0AXtUEqzZ2BCEJTV/hXiIJMLadFYyJbjzJy8S76x6WXXva+V6LW+jCA7BEagAF5yDOrgDDeABDDLwDF7Bm/VkvVjv1scsWrDymX3wB9bnDy8mk8E=</latexit><latexit sha1_base64="nEymXAMuZcABvIOoS7b/9G9llyw=">AAAB/3icbVDNSgMxGMzWv1r/Vj148BIsQj1YdqWgHoSiCB4ruG2hu5RsmrahSXZJskJZ9uKrePGg4tXX8ObbmLZ70NaBwDAzH1++CWNGlXacb6uwtLyyulZcL21sbm3v2Lt7TRUlEhMPRyyS7RApwqggnqaakXYsCeIhI61wdDPxW49EKhqJBz2OScDRQNA+xUgbqWsf3FauT5sn8Ao6VceHqS85NJGsa5eNMAVcJG5OyiBHo2t/+b0IJ5wIjRlSquM6sQ5SJDXFjGQlP1EkRniEBqRjqECcqCCdHpDBY6P0YD+S5gkNp+rviRRxpcY8NEmO9FDNexPxP6+T6P5FkFIRJ5oIPFvUTxjUEZy0AXtUEqzZ2BCEJTV/hXiIJMLadFYyJbjzJy8S76x6WXXva+V6LW+jCA7BEagAF5yDOrgDDeABDDLwDF7Bm/VkvVjv1scsWrDymX3wB9bnDy8mk8E=</latexit><latexit sha1_base64="nEymXAMuZcABvIOoS7b/9G9llyw=">AAAB/3icbVDNSgMxGMzWv1r/Vj148BIsQj1YdqWgHoSiCB4ruG2hu5RsmrahSXZJskJZ9uKrePGg4tXX8ObbmLZ70NaBwDAzH1++CWNGlXacb6uwtLyyulZcL21sbm3v2Lt7TRUlEhMPRyyS7RApwqggnqaakXYsCeIhI61wdDPxW49EKhqJBz2OScDRQNA+xUgbqWsf3FauT5sn8Ao6VceHqS85NJGsa5eNMAVcJG5OyiBHo2t/+b0IJ5wIjRlSquM6sQ5SJDXFjGQlP1EkRniEBqRjqECcqCCdHpDBY6P0YD+S5gkNp+rviRRxpcY8NEmO9FDNexPxP6+T6P5FkFIRJ5oIPFvUTxjUEZy0AXtUEqzZ2BCEJTV/hXiIJMLadFYyJbjzJy8S76x6WXXva+V6LW+jCA7BEagAF5yDOrgDDeABDDLwDF7Bm/VkvVjv1scsWrDymX3wB9bnDy8mk8E=</latexit>

two isochrone fit

Mean Spot Temperature Contrast [Input]

Spot Areal Coverage [Input]

In
p

u
t 

– 
P

re
d

ic
te

d
In

p
u

t 
– 

P
re

d
ic

te
d

single isochrone fit

Mean Spot Temperature Contrast [Input]

Spot Areal Coverage [Input]
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Want to learn more?
Check out Poster 10 and Poster 125, authored by outstanding UNG 2nd Year Undergraduates. 

And/or read these papers (we did): 1 Herczeg & Hillenbrand (2015, ApJ, 808, 23), 2 Naylor (2009, MNRAS, 399, 432), 
                                                                                                    3 Somers & Pinsonneault (2015, MNRAS, 449, 4131), 4 Spruit (1982, A&A, 108, 348)

We typically recover spot surface coverage 
to within 5% - 10%, except when surface 
coverage > 80%.

We recover correct physical assumptions 
(i.e., how spots affect stellar structure) in 
40 – 50% of tests.

Recovering temperature contrasts is more 
difficult, but may not be as bad as we 
think... ask me why!

The accuracy of our recovery appears independent of cluster age and cluster richness. Recovery of input 
parameters will improve as we add constraints from multiple different CMDs. 

key results

Adapted from Feiden (2016, A&A, 593, A99)


