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mysteries of planet formation,
evolution in distant solar system
Astronomers analyze masses, orbital properties and atmospheric features of six
exoplanets.
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A team of researchers led by astronomers at UCI has obtained highly precise
information about six confirmed exoplanets orbiting TOI-1136, a dwarf star about
270 light years from Earth. 
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Irvine, Calif., Jan. 29, 2024 – A recently discovered solar system with six
confirmed exoplanets and a possible seventh is boosting astronomers’ knowledge of
planet formation and evolution. Relying on a globe-spanning arsenal of
observatories and instruments, a team led by researchers at the University of
California, Irvine has compiled the most precise measurements yet of the
exoplanets’ masses, orbital properties and atmospheric characteristics.

In a paper published today in The Astronomical Journal, the researchers share the
results of the TESS-Keck Survey, providing a thorough description of the exoplanets
orbiting TOI-1136, a dwarf star in the Milky Way galaxy more than 270 light years
from Earth. The study is a follow-up to the team’s initial observation of the star and
exoplanets in 2019 using data from the Transiting Exoplanet Survey Satellite. That
project provided the first estimate of the exoplanets’ masses by clocking transit
timing variations, a measure of the gravitational pull that orbiting planets exert on
one another.

For the most recent study, the researchers joined TTV data with a radial velocity
analysis of the star. Using the Automated Planet Finder telescope at the Lick
Observatory on California’s Mount Hamilton and the High-Resolution Echelle
Spectrometer at the W.M. Keck Observatory on Hawaii’s Mauna Kea, they could
detect slight variations in stellar motion via the redshift and blueshift of the Doppler
effect – which helped them determine planetary mass readings of unprecedented
precision.

To obtain such exact information on the planets in this solar system, the team built
computer models using hundreds of radial velocity measurements layered over TTV
data. Lead author Corey Beard, a UCI Ph.D. candidate in physics, said that
combining these two types of readings yielded more knowledge about the system
than ever before.

“It took a lot of trial and error, but we were really happy with our results after
developing one of the most complicated planetary system models in exoplanet
literature to date,” Beard said.

The large number of planets is one factor that inspired the astronomy team to
conduct further research, according to co-author Paul Robertson, UCI associate
professor of physics & astronomy.

https://iopscience.iop.org/article/10.3847/1538-3881/ad1330


“We viewed TOI-1136 as being highly advantageous from a research standpoint,
because when a system has multiple exoplanets, we can control for the effects of
planet evolution that depend on the host star, and that helps us focus on individual
physical mechanisms that led to these planets having the properties that they do,”
he said.

Robertson added that when astronomers try to compare planets in separate solar
systems, there are many variables that can differ based on the distinct properties of
the stars and their locations in disparate parts of the galaxy. He said that looking at
exoplanets in the same system enables the study of planets that have experienced a
similar history.
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An artistic rendering of dwarf star TOI-1136 shows how exoplanets in close
orbit are blasted and sculpted by radiation and solar flares, affecting their
atmospheres. UCI researchers say that magnetic variability around the
star creates noise, making measurements of the exoplanets’ masses more
difficult. Rae Holcomb and Paul Robertson / UCI



By stellar standards, TOI-1136 is young, a mere 700 million years old, another
feature that has attracted exoplanet hunters. Robertson said that juvenile stars are
both “difficult and special” to work with because they’re so active. Magnetism,
sunspots and solar flares are more prevalent and intense during this stage of a star’s
development, and the resulting radiation blasts and sculpts planets, affecting their
atmospheres.

TOI-1136’s confirmed exoplanets, TOI-1136 b through TOI-1136 g, are categorized
as “sub-Neptunes” by the experts. Robertson said the smallest one is more than
twice the radius of Earth, and others are up to four times Earth’s radius, comparable
to the sizes of Uranus and Neptune.

All these planets orbit TOI-1136 in less than the 88 days it takes Mercury to go
around Earth’s sun, according to the study. “We’re packing an entire solar system
into a region around the star so small that our entire planetary system here would
be outside of it,” Robertson said.

“They’re weird planets to us because we don’t have anything exactly like them in
our solar system,” said co-author Rae Holcomb, a UCI Ph.D. candidate in physics.
“But the more we study other planet systems, it seems like they may be the most
common type of planet in the galaxy.”

Another odd component to this solar system is the possible yet unconfirmed
presence of a seventh planet. The researchers have detected some evidence of
another resonant force in the system. Robertson explained that when planets are
orbiting close to one another, they can pull on each other gravitationally.

“When you hear a chord played on a piano and it sounds good to you, it’s because
there is resonance, or even spacing, between the notes that you’re hearing,” he
said. “The orbital periods of these planets are spaced similarly. When the exoplanets
are in resonance, the tugs are in the same direction every time. This can have a
destabilizing effect, or in special cases, it can serve to make the orbits more stable.”

Robertson noted that far from answering all his team’s questions about the
exoplanets in this system, the survey has made the researchers want to pursue
additional knowledge, particularly about the composition of planetary atmospheres.
That line of inquiry would be best approached through the advanced spectroscopy
capabilities of NASA’s James Webb Space Telescope, he said.



“I am proud that both UCO’s Lick Observatory and the Keck Observatories were
involved in the characterization of a really important system,” said Matthew
Shetrone, deputy director of UC Observatories. “Having so many moderate-sized
planets in the same system really lets us test formation scenarios. I really want to
know more about these planets! Might we find a molten rock world, a water world
and an ice world all in the same solar system? It almost feels like science fiction.”

Joining Robertson and Beard on this study were researchers from Spain’s
Astrophysics Institute of the Canary Islands; the California Institute of Technology;
Sweden’s Chalmers University of Technology; Maryland’s Johns Hopkins University;
Spain’s University of La Laguna; Sweden’s Lund University; Poland’s Nicolaus
Copernicus University; New Jersey’s Princeton University; Japan’s Ritsumeikan
University; California’s SETI Institute; Maryland’s Space Telescope Science Institute;
the University of California, Santa Cruz; the University of California, Berkeley; the
University of California, Los Angeles; the University of California, Riverside; the
University of Hawaii; the University of Chicago; the University of Kansas; Indiana’s
University of Notre Dame; Australia’s University of Southern Queensland; and
Connecticut’s Yale University. Funding was provided by the W.M. Keck Foundation,
NASA and the National Science Foundation.

About UCI’s Brilliant Future campaign: Publicly launched on Oct. 4, 2019, the 
Brilliant Future campaign aims to raise awareness and support for UCI. By engaging
75,000 alumni and garnering $2 billion in philanthropic investment, UCI seeks to
reach new heights of excellence in student success, health and wellness, research
and more. The School of Physical Sciences plays a vital role in the success of the
campaign. Learn more by visiting https://brilliantfuture.uci.edu/uci-school-of-
physical-sciences.

About the University of California, Irvine: Founded in 1965, UCI is a member of
the prestigious Association of American Universities and is ranked among the
nation’s top 10 public universities by U.S. News & World Report. The campus has
produced five Nobel laureates and is known for its academic achievement, premier
research, innovation and anteater mascot. Led by Chancellor Howard Gillman, UCI
has more than 36,000 students and offers 224 degree programs. It’s located in one
of the world’s safest and most economically vibrant communities and is Orange
County’s second-largest employer, contributing $7 billion annually to the local
economy and $8 billion statewide. For more on UCI, visit www.uci.edu.
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Media access: Radio programs/stations may, for a fee, use an on-campus ISDN line
to interview UCI faculty and experts, subject to availability and university approval.
For more UCI news, visit news.uci.edu. Additional resources for journalists may be
found at https://news.uci.edu/media-resources/.
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