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Hubble detects ghostly glow surrounding our
solar system

December 8 2022
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This artist's illustration shows the location and size of a hypothetical cloud of
dust surrounding our solar system. Astronomers searched through 200,000
images and made tens of thousands of measurements from Hubble Space
Telescope to discover a residual background glow in the sky. Because the glow is
so smoothly distributed, the likely source is innumerable comets — free-flying
dusty snowballs of ice. They fall in toward the Sun from all different directions,
spewing out an exhaust of dust as the ices sublimate due to heat from the Sun. If
real, this would be a newly discovered architectural element of the solar system.
Credit: NASA, ESA, Andi James (STScI)

Imagine walking into a room at night, turning out all the lights and
closing the shades. Yet an eerie glow comes from the walls, ceiling, and
floor. The faint light is barely enough to see your hands before your
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face, but it persists.

Sounds like a scene out of "Ghost Hunters?" No, for astronomers this is
the real deal. But looking for something that's close to nothing is not
easy. Astronomers searched through 200,000 archival images from
Hubble Space Telescope and made tens of thousands of measurements
on these images to look for any residual background glow in the sky.

Like turning out the lights in a room, they subtracted the light from stars,
galaxies, planets and the zodiacal light. Surprisingly, a ghostly, feeble
glow was left over. It's equivalent to the steady light of ten fireflies
spread across the entire sky.

Where's that coming from?

One possible explanation is that a shell of dust envelops our solar system
all the way out to Pluto, and is reflecting sunlight. Seeing airborne dust
caught in sunbeams is no surprise when cleaning the house. But this must
have a more exotic origin. Because the glow is so smoothy distributed,
the likely source is innumerable comets—i{ree-flying dusty snowballs of
ice.

They fall in toward the sun from all different directions, spewing out an
exhaust of dust as the ices sublimate due to heat from the sun. If real,
this would be a newly discovered architectural element of the solar
system. It has remained invisible until very imaginative and curious
astronomers, and the power of Hubble, came along.
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September 23. The Galactic planpe and bulge are represented by the light gray
band, and the Celestial Equator is indicated by the pink curve (upper left).
SKYSURF measures the absolute all-sky surface brightness S(A, t, lECl, bEC') in 12
main broadband filters at ~0.2—1.7 um in wavelength from 249,861 HST
Archival images in ~1400 independent HST fields. Credit: The Astronomical
Journal (2022). DOI: 10.3847/1538-3881/ac82af

Aside from a tapestry of glittering stars, and the glow of the waxing and
waning moon, the nighttime sky looks inky black to the casual observer.
But how dark 1s dark?

To find out, astronomers decided to sort through 200,000 images from
NASA's Hubble Space Telescope and made tens of thousands of
measurements on these images to look for any residual background glow
in the sky, in an ambitious project called SKYSURF. This would be any
leftover light after subtracting the glow from planets, stars, galaxies, and
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from dust in the plane of our solar system (called zodiacal light).

When researchers completed this inventory, they found an exceedingly

tiny excess of light, equivalent to the steady glow of 10 fireflies spread

across the entire sky. That's like turning out all the lights in a shuttered

room and still finding an eerie glow coming from the walls, ceiling, and
floor.

The researchers say that one possible explanation for this residual glow
is that our inner solar system contains a tenuous sphere of dust from
comets that are falling into the solar system from all directions, and that
the glow is sunlight reflecting off this dust. If real, this dust shell could
be a new addition to the known architecture of the solar system.

This idea is bolstered by the fact that in 2021 another team of
astronomers used data from NASA's New Horizons spacecraft to also
measure the sky background. New Horizons flew by Pluto in 2015, and a
small Kuiper belt object in 2018, and is now heading into interstellar
space. The New Horizons measurements were done at a distance of 4
billion to 5 billion miles from the sun. This is well outside the realm of
the planets and asteroids where there is no contamination from
interplanetary dust.
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o?rightness vs. Size of Detected Objects
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Magnitude vs. half-light radius plot for the F6O6W original and replicated
images. The black points are the original objects, and the other colors are the 2x,
3%, and 4x XDF replications' objects. Each successive color has more
transparent markers, and there are more blue marks than green, more green than
red, and more red than black. This figure was modeled after Figure 3 in
Windhorst et al. (2008) so features could be marked and compared. The pink
band represents the natural confusion limit with a range between 1/25 and 1/50
objects per beam (see, e.g., Serjeant et al. 1997; Silva et al. 2005). The cyan
dashed curve represents the 174.4ks surface brightness limit of the XDF F606 W
data. Its shape has been changed from Windhorst et al. (2008) as the curve is
only intended to draw the eye to the trend and the cutoff of the objects,

5/8



PHYS 19X

demonstrating the exposure time and resolution limits to observing these objects.
The dark gray dashed line represents the limit below which point sources with
fainter magnitudes cannot be resolved, as they blend in with the sky distribution.
All curves have been shifted in magnitude to account for the mye,, to myp
conversion. This figure demonstrates that natural confusion (pink band) is an
important completeness constraint for bright large objects that make up most of
the IGL (m,p < 28.5 mag). It also demonstrates that the three main limits on the
original HUDF sample remain the the same for the replicated samples, validating
our methods of replication, namely the point-source detection limit (horizontal
gray dashed line), the surface brightness limit (slanted cyan dashed line) and the
natural confusion limit due to statistical object overlap (pink band). Credit: The
Astrophysical Journal Letters (2022). DOI: 10.3847/2041-8213/ac9cca

New Horizons detected something a bit fainter that is apparently from a
more distant source than Hubble detected. The source of the background
light seen by New Horizons also remains unexplained. There are
numerous theories ranging from the decay of dark matter to a huge
unseen population of remote galaxies.

"If our analysis is correct there's another dust component between us and
the distance where New Horizons made measurements. That means this
is some kind of extra light coming from inside our solar system," said
Tim Carleton, of Arizona State University (ASU).

"Because our measurement of residual light is higher than New Horizons
we think it is a local phenomenon that is not from far outside the solar
system. It may be a new element to the contents of the solar system that
has been hypothesized but not quantitatively measured until now," said
Carleton.

Hubble veteran astronomer Rogier Windhorst, also of ASU, first got the
idea to assemble Hubble data to go looking for any "ghost light."
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"More than 95% of the photons in the images from Hubble's archive
come from distances less than 3 billion miles from Earth. Since Hubble's
very early days, most Hubble users have discarded these sky-photons, as
they are interested in the faint discrete objects in Hubble's images such
as stars and galaxies," said Windhorst. "But these sky-photons contain
important information which can be extracted thanks to Hubble's unique
ability to measure faint brightness levels to high precision over its three
decades of lifetime."

A number of graduate and undergraduate students contributed to project
SKYSUREF, including Rosalia O'Brien, Delondrae Carter and Darby
Kramer at ASU, Scott Tompkins at the University of Western Australia,
Sarah Caddy at Macquarie University in Australia, and many others.

The team's research papers are published in The Astronomical Journal
and The Astrophysical Journal Letters.

More information: Timothy Carleton et al, SKYSURF: Constraints on
Zodiacal Light and Extragalactic Background Light through
Panchromatic HST All-sky Surface-brightness Measurements: II. First
Limits on Diffuse Light at 1.25, 1.4, and 1.6 um, The Astronomical
Journal (2022). DOI: 10.3847/1538-3881/ac8d02

Rogier A. Windhorst et al, SKYSURF: Constraints on Zodiacal Light
and Extragalactic Background Light through Panchromatic HST All-sky

Surface-brightness Measurements. 1. Survey Overview and Methods, The
Astronomical Journal (2022). DOI: 10.3847/1538-3881/ac82af

Darby M. Kramer et al, SKYSURF-3: Testing Crowded Object Catalogs
in the Hubble eXtreme Deep Field Mosaics to Study Sample
Incompleteness from an Extragalactic Background Light Perspective,
The Astrophysical Journal Letters (2022). DOI:
10.3847/2041-8213/ac9cca
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Rosalia O'Brien et al, SKYSURF-4: Panchromatic Full Sky Surface
Brightness Measurement Methods and Results, arXiv (2022). DOL:
10.48550/arxiv.2210.08010
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