Local 'Little Red Dots' stay eerily steady for
up to 15 years, puzzling astronomers
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Ilustration of a supermassive black hole embedded within a dense, optically
thick photosphere. The model predicts stable optical emission and broad
hydrogen-line production, consistent with the observed properties of local Little
Red Dots. Credit: The Astrophysical Journal (2026). DOI:
10.3847/1538-4357/ae6b89

Astronomers have spent over a decade tracking a unique type of
compact dwarf galaxy, which continues to surprise everyone. Known as
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the "Little Red Dots" for their small, red appearance, these local galaxies
look much like the distant galaxies recently observed by the JWST.
However, there's a big puzzle. Unlike other active galaxies that show
bright, changing lights, these nearby versions hardly budge. Their
brightness stays nearly unchanged, and their strong hydrogen emission
lines don't flicker much either.

This unusual stillness over years and decades challenges what we thought
about these energetic celestial bodies. These quiet Little Red Dots are
making scientists rethink their ideas about some of the universe's most
intense objects.

A local mirror of a distant mystery

The stillness of these local galaxies is particularly striking given who
their relatives are. Thousands of light-years further away, the James
Webb Space Telescope (JWST) has discovered a population of Little
Red Dots; mysterious, ancient objects from the dawn of the universe.
These distant dots are tiny, appear deep red in optical light, and are
likely powered by some of the first supermassive black holes ever
formed.

However, because the JWST targets are billions of light-years away,
astronomers only see a momentary glimpse of their lives; we cannot wait
centuries to see if they flicker or change.

This is where the local analogs come in. Astronomers have identified a
handful of nearby dwarf galaxies, sometimes called "green peas" for
their compact, glowing appearance, that are dead ringers for those
ancient JWST mysteries. By studying these "local mirrors," researchers
finally have a front-row seat to the long-term behavior of this species of
galaxy. For the first time, we can sort of look past the snapshot and
actually watch the film of their evolution over decades.
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A new study in The Astrophysical Journal points at this mostly
unprecedented long-term monitoring, and it leads to a rather surprising
discovery: Unlike any other active galaxies we know, these objects are
almost perfectly still.

Decades of stillness

To test their nature, researchers assembled long-term data for three such
dwarfs. They used Zwicky Transient Facility (ZTF) optical light curves
spanning about 5—15 years and infrared data from NASA's WISE
satellite. They also reobserved each galaxy spectroscopically (circa
2003-04, 2016, and 2020) with SDSS, Keck, and Gemini.

The result: each galaxy's brightness stayed constant to within a few
percent, far less than the tens-of-percent swings typical of active
galaxies. In fact, for two of the dwarfs (J1025 and J1047) with spectra
15 years apart, the broad Ha line flux differed by only a few percent,
with essentially no change in its profile. For context, typical low-mass
AGNs would vary by ~10-20% over a few years, making these dwarfs
exceptionally quiet.

Spectral oddities

Their spectra hold more surprises. All three objects have enormous Ha
equivalent widths, and the broad-line Ho/Hf ratio is unusually high, far
above the Case B value of ~3. In normal quasars, that ratio is rarely
above 5; here, it can reach tens. With minimal dust, simple reddening
cannot explain it.

As one researcher puts it, "Local LRDs have exceptionally large Ho.

equivalent widths and Ho/HJ ratios that far exceed the Case B
recombination value, in contrast with normal broad-line AGNs."
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Instead, the team finds the broad Balmer lines are likely powered by
collisional excitation in very dense gas rather than by ordinary
photoionization. In fact, they explicitly note that the broad Balmer lines
"do not arise primarily by photoionization," which naturally explains
why the emission is so stable.

Photospheres and hidden black holes

What could power such steady, strange light? One idea envisions an
inflated gas envelope, a "photosphere” around each black hole. A recent
model imagines a warm (~5000 K)) photosphere extending to thousands
of Schwarzschild radii. The optical continuum would then come from
this large, nearly black-body surface, capped near the Eddington
luminosity, yielding a very stable output.

This giant envelope would smooth out fluctuations and hide the central
engine. It also explains other clues: These dwarf galaxies are unusually
faint in X-rays and lack the hot dust glow of a normal quasar torus. A
thick photosphere would naturally bury those signatures.

More monitoring needed

With only three cases studied, more observations are needed. Detecting
subtler changes or periodic cycles will require finer monitoring and
longer baselines. Future JWST programs and deep surveys may turn up
more LRD-like dwarfs in the local universe.

Meanwhile, these findings carry big implications: If broad lines in these
galaxies aren't produced by standard AGN physics, our usual recipes for
weighing their black holes may fail. For example, using broad Ha line
widths to estimate mass could give wildly misleading results.
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In any case, these quiet little cosmic beacons have proved unexpectedly
stable, a clue that something unusual is happening in their cores. In the
big picture, their odd steadiness might even shed light on how some of
the universe's earliest supermassive black holes quietly grew in the
cosmic dawn.

More information: Colin J. Burke et al, Too Quiet for Comfort: Local
Little Red Dots Lack Variability over Decades, The Astrophysical
Journal (2026). DOI: 10.3847/1538-4357/ae6b89
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