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WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Two anomalous radio pulses over Antarctica remain
unexplained — and the “new particle” explanation is

losing support

Two unusual radio pulses recorded years ago by a balloon-borne Antarctic experiment still have
no agreed explanation; a dedicated Pierre Auger search found no trace of the showers they would
imply, making the exotic “new particle” reading far less likely while leaving the anomaly unsolved.
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ANITA's 48 antennas are aimed down at the Antarctic ice on a 25-foot-tall gondola.

Christian Miki / University of Hawai'i at Manoa fair-use assertion

The balloon, the ice, and two pulses from below

For most of its working life, the Antarctic Impulsive Transient Antenna — ANITA — hangs beneath
a NASA balloon, thirty-odd kilometres up, and drifts for weeks over the emptiest place on Earth,
listening.

What it listens for are radio signals from space. When a very high-energy particle — a cosmic ray,
or a neutrino — hits the air or the ice, it shatters into a shower of smaller particles, and that shower
gives off a brief flash of radio. Antarctica is close to ideal for catching them: kilometres of clean, cold
ice that radio crosses almost as if it were glass, and nothing for hundreds of kilometres to clutter the
signal. ANITA's job is to catch those flashes and read, from their shape and timing, what made them.

Most of what it hears is well-behaved. Some flashes arrive straight from above. Many more glance off
the ice and bounce back up to the antenna — and these carry a giveaway: the bounce turns the wave
upside down (a reversal of the signal’s polarity), a signature physicists can read at a glance. It is how
you tell a reflection from the real thing.


https://en.wikipedia.org/wiki/Antarctic_Impulsive_Transient_Antenna
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Twice, something arrived that broke the pattern.
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ANITA listens for radio flashes over Antarctic ice.
Arrival direction plus polarity tell ordinary
reflections from the anomalous events.

At the balloon, a pulse straight from above arrives un-flipped, while a reflected pulse arrives with its polarity
flipped — the usual sign of a bounce off the ice. The two anomalous pulses instead arrive from a reconstructed
direction steeply below the local horizon — yet with no such flip, where a reflection would have flipped them.
“From below"” describes that arrival direction — not a particle climbing out of the Earth.

Original hybrid diagram — The Clean Paper CC BY 4.0

On one flight in 2006 and another in 2014, ANITA caught a pulse from steeply below the horizon —
27.4° and 35.0° beneath it, respectively — as if it had come up out of the continent, with no inversion.
Not a reflection, then. Something that genuinely travelled upward, out of the ice, toward the balloon.

Here is why that is close to scandalous. To reach the antenna at so steep an upward angle, whatever
made the pulse had to come up through the body of the planet — six or seven thousand kilometres
of solid rock. Almost nothing can. The one known particle that passes through ordinary matter as
if it were barely there is the neutrino, which slips through the whole Earth without noticing — so
the natural idea is that a neutrino travelled up through the rock, struck an atom just beneath the ice,
and produced a shower of particles racing upward, whose radio flash ANITA caught. The trouble is a
twist: a neutrino energetic enough to make this signal is, in fact, too easy to stop. Across that much
rock it should be absorbed many times over. And a stream of neutrinos strong enough that two still
got through ought to have shown up in the giant detectors built to catch exactly that. None of the tidy
explanations quite closed.

So the two pulses sat there, refusing to behave. Not a discovery — two events are never a discovery
— but not nothing, either. A genuine anomaly: the kind that is interesting precisely because no one
could yet say whether it was a crack in the Standard Model of physics or merely a quirk of the ice, the
antenna, or the arithmetic.



astroparticle physics

This is the point where a certain kind of coverage reaches for the word mysterious, dims the lights,
and asks what might be living under Antarctica. Resist it. The real question was never what monster is
in the ice. It was the patient, unglamorous one that actually moves science forward: how would you
find out?

What the authors did

There is a clean way to test the exciting explanations. If the ANITA pulses come from a real, recurring
flux of upward-going showers — whether from ordinary tau-neutrinos or from some proposed new
particle — then a large enough detector watching for exactly those events should catch a share of
them.

The Pierre Auger Observatory in Argentina — the largest cosmic-ray detector ever built — is well
placed to look. Using its Fluorescence Detector, the collaboration searched for upward-going air
showers (arriving from below, at zenith angles above 110° and energies above 0.1 EeV) in data span-
ning 2004 to 2018. Crucially, the full selection was fixed before the complete dataset was examined —
a “blind” analysis, so the answer could not be massaged toward a hoped-for result.

What they found

After unblinding, one candidate event survived — fully consistent with the 0.27 £+ 0.12 events ex-
pected from ordinary cosmic rays occasionally being misreconstructed as upward-going. No genuine
upward-going signal, in other words; just the trickle of background you would expect.

The force of the result is in the comparison. If the ANITA pulses came from a steady flux of upward-
going showers, Auger should have recorded many — roughly 34 to 69 such events for one plausible
energy spectrum, and atleast about 8 even under deliberately conservative assumptions. It found one,
consistent with background. The authors describe this as “strong disagreement” with the upward-
going-shower interpretation.

What this probably means

A non-detection of this size is informative. If the ANITA events came from a real population of par-
ticles arriving from those directions — ordinary tau-neutrinos, or the hypothetical new particles
proposed to explain them — Auger’s long exposure should have caught a sizeable number. It did
not. That effectively rules out the “diffuse flux of upward-going showers” explanation — the category
into which most beyond-the-Standard-Model ideas fall — barring contrived special conditions.

What survives are explanations that are not a flux of showering particles: most discussed, a reflec-
tion or propagation effect peculiar to the ice and the near-horizon geometry, or an instrumental or
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analysis artifact. None is confirmed. So the honest summary is: the most exciting interpretation just
took a serious hit, and the cause is still unknown.

What this does not prove

It does not identify what the two pulses are. “Strongly disfavours new physics” is not “solved.”

It does not confirm a mundane cause. A leading candidate — reflections from beneath the Antarc-
tic surface — remains a hypothesis, not a result.

It does not detect anything “from under the ice” in any literal sense. ANITA’'s antennas hang from
a balloon above Antarctica; “from below” describes a radio pulse’s reconstructed arrival direction
— not a sound, a voice, or anything emanating from within the ice.

It does not support claims of a confirmed new particle. The most widely shared version of this
story points the opposite way from the evidence.

How strong is the evidence?
Modest, and stated as such.

The beyond-the-Standard-Model interest rests on essentially two events, from two ANITA flights.
This paper is a null result: powerful for excluding possibilities, but it cannot say what the events
are.

The exclusion is quantitative and strong (dozens of events expected, one background-like event
seen) — but it targets the “upward-going shower flux” interpretation, not every conceivable cause.
A leading mundane explanation (near-surface reflection) is plausible but unproven; some alter-
natives (certain transition-radiation models) have been disfavoured by other work.

No experiment has independently reproduced the original anomaly.

This is a sharp constraint laid on top of a small, stubborn puzzle — not a discovery.

Why it macters

The proposed explanations ran all the way to exotic new particles. Rather than chase the most ex-
citing one, the field did the unglamorous thing: it tested the idea against an independent, far larger
detector — and the data said no. A larger, more sensitive successor instrument, PUEO, is being built
to look again.

The anomaly may yet turn out to be mundane. That would not make it a failure. Narrowing an unex-
plained measurement until it either dissolves or forces a real discovery is the work — and it is worth
watching precisely because the honest answer, for now, is still “we don’t know.”


https://arxiv.org/abs/2010.02892
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Clean summary

Two radio pulses from ANITA’s 2006 and 2014 Antarctic balloon flights appear to come from steep
below-horizon angles that the Standard Model struggles to explain. A dedicated 2025 search with the
Pierre Auger Observatory found only one candidate event, consistent with background, where dozens
were expected if the pulses came from a flux of upward-going showers. That strongly disfavours
the exotic “new particle” interpretation and points toward a reflection, propagation, or instrumental
effect specific to ANITA — but the cause is still genuinely unknown. Not a confirmed new particle,
and not a mysterious signal from inside the ice.

No-BS check

What the paper shows: A blind Pierre Auger search (2004-2018) for upward-going air showers found
one candidate, consistent with the expected 0.27-event cosmic-ray background. If the ANITA anoma-
lies came from a flux of such showers, Auger should have seen roughly 34-69 (or at least ~8 under
conservative assumptions). This strongly disfavours the upward-going-shower interpretation, includ-
ing beyond-Standard-Model “new particle” scenarios.

What is plausible but not proven: A reflection or radio-propagation effect near the ice and horizon,
or an instrumental/analysis artifact specific to ANITA.

What it does not show: That the events are caused by a new particle; that they are signals from under
the ice; that anything paranormal, artificial, or audible is involved; that the cause is now known.

Main limitations: The beyond-Standard-Model interest rests on ~two events; this is a null result that
constrains but cannot identify; the exclusion targets the “shower flux” interpretation specifically; no
independent reproduction of the original anomaly.

How much confidence should a general reader have? High confidence that this is not a confirmed
new particle and not a signal from within the ice, and that the exotic-flux interpretation is now
strongly disfavoured. Low confidence about the true cause, which remains open. Appropriate stance:
curiosity about an unsolved anomaly that is most likely mundane.

Sources

Phys. Rev. Lett. 134, 121003 (2025)
https://doi.org/10.1103/PhysRevLett.134.121003

Original ANITA-I event (Gorham et al. 2016)
https://doi.org/10.1103/PhysRevLett.117.071101

Original ANITA-IIl event (Gorham et al. 2018)
https://arxiv.org/abs/1803.05088
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Subsurface-reflection explanation (Shoemaker et al. 2020)
https://arxiv.org/abs/1905.02846

PUEO successor instrument — white paper (2021)
https://arxiv.org/abs/2010.02892
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