UC Irvine astronomers’ simulations
support dark matter theory

The tests addressed the elusive matter’s existence despite it never having been
observed.
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Francisco Mercado (right), a recent Ph.D. graduate from the UC Irvine Department of
Physics & Astronomy who is now a postdoctoral scholar at Pomona College, and
Jorge Moreno (left), associate professor of physics and astronomy at Pomona
College, ran computer simulations to support the idea that dark matter exists and
helps to explain how the universe works. Their work is the subject of a paper
published recently in Monthly Notices of the Royal Astronomy Society.
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Irvine, Calif., April 29, 2024 — Computer simulations by astronomers support the
idea that dark matter - matter that no one has yet directly detected but which many
physicists think must be there to explain several aspects of the observable universe
- exists, according to the researchers, who include those at the University of
California, Irvine.

The work addresses a fundamental debate in astrophysics - does invisible dark
matter need to exist to explain how the universe works the way it does, or can
physicists explain how things work based solely on the matter we can directly
observe? Currently, many physicists think something like dark matter must exist to
explain the motions of stars and galaxies.

“Our paper shows how we can use real, observed relationships as a basis to test two
different models to describe the universe,” said Francisco Mercado, lead author and
recent Ph.D. graduate from the UC Irvine Department of Physics & Astronomy who is
now a postdoctoral scholar at Pomona College. “We put forth a powerful test to
discriminate between the two models.”

The test involved running computer simulations with both types of matter - normal
and dark - to explain the presence of intriguing features measured in real galaxies.
The team reported their results in Monthly Notices of the Royal Astronomy Society.

The features in galaxies the team found “are expected to appear in a universe with
dark matter but would be difficult to explain in a universe without it,” said Mercado.
“We show that such features appear in observations of many real galaxies. If we
take these data at face value, this reaffirms the position of the dark matter model as
the one that best describes the universe we live in.”

These features Mercado noted describe patterns in the motions of stars and gas in
galaxies that seem to only be possible in a universe with dark matter.

“Observed galaxies seem to obey a tight relationship between the matter we see
and the inferred dark matter we detect, so much so that some have suggested that
what we call dark matter is really evidence that our theory of gravity is wrong,” said
co-author James Bullock, professor of physics at UCI and dean of the UCI School of
Physical Sciences. “What we showed is that not only does dark matter predict the
relationship, but for many galaxies it can explain what we see more naturally than


https://doi.org/10.1093/mnras/stae819

modified gravity. | come away even more convinced that dark matter is the right
model.”

The features also appear in observations made by proponents of a dark matter-free
universe. “The observations we examined - the very observations where we found
these features - were conducted by adherents of dark matter-free theories,” said co-
author Jorge Moreno, associate professor of physics and astronomy at Pomona
College. “Despite their obvious presence, little-to-no analysis was performed on
these features by that community. It took folks like us, scientists working with both
regular and dark matter, to start the conversation.”

Moreno added that he expects debate within his research community to follow in the
wake of the study, but that there may be room for common ground, as the team also
found that such features only appear in their simulations when there is both dark
matter and normal matter in the universe.

“As stars are born and die, they explode into supernovae, which can shape the
centers of galaxies, naturally explaining the existence of these features,” said
Moreno. “Simply put, the features we examined in observations require both the
existence of dark matter and the incorporation of normal-matter physics.”

Now that the dark matter model of the universe appears to be the leading one, the
next step, Mercado explained, is to see if it remains consistent across a dark matter
universe.

“It would be interesting to see if we could use this same relationship to even
distinguish between different dark matter models,” said Mercado. “Understanding
how this relationship changes under distinct dark matter models could help us
constrain the properties of dark matter itself.”

Funding came from a National Science Foundation MSP-Ascend Award AST-2316748
to Mercado. Mercado and Bullock were supported by NSF grant AST-1910965 and
NASA grant 80ONSSC22K0827. Moreno receives funding from the Hirsch Foundation.
Collaborators include Michael Boylan-Kolchin (The University of Texas at Austin),
Philip F. Hopkins (California Institute of Technology), Andrew Wetzel (University of
California, Davis) and Claude-André Faucher-Giguere (Northwestern University) and
Jenna Samuel (The University of Texas at Austin).
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UCI’s Brilliant Future campaign: Publicly launched on Oct. 4, 2019, the Brilliant
Future campaign aims to raise awareness and support for the university. 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 at https://brilliantfuture.uci.edu/uci-school-of-physical-
sciences/.

About the University of California, Irvine: Founded in 1965, UC Irvine 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, UC
Irvine 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 UC Irvine, visit www.uci.edu.

Media access: Radio programs/stations may, for a fee, use an on-campus ISDN line
to interview UC Irvine faculty and experts, subject to availability and university
approval. For more UC Irvine news, visit news.uci.edu. Additional resources for
journalists may be found at https://news.uci.edu/media-resources/.
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