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HR 8799: exoplanets in motion
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GPI and friends
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The GPIES sample
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GPI 2

Moving GPI to Gemini North and upgrading to bring technology into the
current era

Funding from NSF MRI and Heising-Simons Foundation

Upgrade planning and design through 2020

Upgrade assembly and integration 2020-2021

First light 2022

Pl: Jeff Chilcote, Quinn Konopacky.

co-l: Bruce Macintosh, Robert De Rosa, Dmitry Savransky, Christian Marois



Upgrade features

Upgrade WEFS to operate to
|I~14 mag

Targets in Taurus SFR

Upgrade coronagraph for
smaller IWA ~0.1”

Upgrade realtime computer
for higher contrast on bright
stars

Enables ‘cold start” planet
studies

Precision broadband IFS
mode
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Brown dwarfs and
planets with GPIES
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Hierarchical differences in body composition of professional Sumo wrestlers
Hattori et al. Annals of Human Biology, 1999.



GPIES: the first 300 stars

160 Stars

Semi-Major Axis (AU)



A stellar mass/giant planet occurrence correlation

<1.5 Mo (177 stars) >1.5 Mo (123 stars)

8

Semi-Major Axis (AU) Semi-Major Axis (AU)

Nielsen et al. 2019



A stellar mass/giant planet occurrence correlation

<1.5 Mo (177 stars) >1.5 Mo (123 stars)
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A stellar mass/giant planet occurrence correlation

Conclusion 1: wide-separation giant planets
are more common around higher-mass stars

Nielsen et al. 2019



Planets and brown dwarfs
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Planets and brown dwarfs
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Planets and brown dwarfs
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Planets and brown dwarfs

Conclusion 2: at wide separations, giant
planets and brown dwarfs seem to follow
different underlying dlstrlbutlons
iy e
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Giant planets demographics vs. semi-major axis
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Giant planets demographics vs. semi-major axis
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Giant planets demographics vs. semi-major axis
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Giant planets demographics vs. semi-major axis
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Giant planets demographics vs. semi-major axis
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Giant planets demographics vs. semi-major axis
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Conclusion 3: wide-separation giant planets
and close-in giant planets do not appear to
be drawn from the same power law

Nielsen et al. 2019



Bottom-up: core accretion

Alan Brandon/Nature



Top-down: gravitational instability
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Comparing to predictions

Core accretion Gravitational Instability



Comparing to predictions
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Core accretion Gravitational Instability

—More companions around —Weak dependence on mass of
higher-mass stars host star



Comparing to predictions
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Core accretion Gravitational Instability
—More companions around —Weak dependence on mass of
higher-mass stars host star
—More low-mass companions —More high-mass companions

than high-mass than low-mass



Comparing to predictions
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farther-out separations



Comparing to predictions

S L
#
; it
- iy

“ 3 ‘?ﬁ’.
Core accretion Gravitational Instability
—More companions around —Weak dependence on mass of
higher-mass stars host star
—More low-mass companions —More high-mass companions
than high-mass than low-mass
—NMore close-in companions than ~ —Should be at much larger orbital
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GPIES Planets



Comparing to predictions
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Conclusions

From the first half of the GPIES survey, we see a trend between
stellar mass and wide-separation giant planet occurrence rate

Wide-separation giant planets and brown dwarfs seem to be
following different underlying populations

Close-in RV giant planets and wide-separation giant planets do
not seem to be following the same distributions

These trends are consistent with wide-separation giant planets
forming by core accretion, and wide-separation brown dwarfs

forming by gravitational instability



