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Are the Aims of FuSe Feasible?

What FuSe is trying to do
FuSe operates on two connected hypotheses:
1. That seismic data may carry imprints of unknown physics (new fundamental
interactions, dark matter effects, etc.)

2. That fundamental physics can, in turn, improve our understanding of the Earth —
including seismic hazard
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Overall Assessment

Aim Feasibility

Build an interdisciplinary European network High

Apply AI/ML to seismic big data High

Test modified gravity with seismic normal modes ' Moderate

Improve earthquake physics understanding Moderate

Detect imprints of BSM physics in seismic data @ Speculative / long-term

Reliable earthquake precursor identification @ Highly contested
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1. Seismic | mechanical Foreshocks (small earthquakes in the same area), changes in seismicity rates, slow aseismic slip on
faults detected by GPS, and ground deformation measured by tiltmeters and strainmeters. A small signal appears to arise about
two hours before mainshock nucleation in GPS data, interpreted as motion aligned with the direction of slip of the upcoming
earthquake — suggesting that a small patch of fault has started to move before the seismic rupture actually nucleates. Substack

2. Geochemical Radon gas emanations from soil and groundwater are the most studied. Radon anomaly before the Kobe
earthquake is considered a perfect example satisfying the formal seismological definition of an earthquake precursor. Other gases
(methane, helium, CO,) and changes in groundwater level and chemistry have also been reported. Academia.edu

3. Electromagnetic Abnormalities in electromagnetic fields, anomalous variations of radon concentration in soil, groundwater
and atmosphere, erratic gas emissions, uneven surface distortions, ionospheric perturbations, and anomalies detected by satellite
and remote sensing devices are among the physical quantities studied. MDPI

4. Atmospheric | ionospheric (LAIC coupling) These processes are part of the complex system of lithosphere—atmosphere—
ionosphere—magnetosphere coupling, where air ionization, atmospheric thermodynamic instability, and the Global Electric Circuit
are involved in the interaction of geospheres. The chain runs: stressed rock — radon emission — air ionisation — atmospheric
anomalies - ionospheric disturbance, detectable by GPS total electron content (TEC). MDPI

5. Thermal | optical Outgoing longwave radiation anomalies at the top of the atmosphere, detected by satellites.

6. Biological Unusual animal behaviour — one of the oldest reported classes, and the hardest to quantify scientifically.


https://earthquakeinsights.substack.com/p/earthquake-precursors-not-so-fast
https://www.academia.edu/68061792/Earthquake_precursors_in_atmosphere_and_ionosphere_A_review_and_future_prospects
https://www.mdpi.com/2076-3263/14/10/271
https://www.mdpi.com/2076-3263/14/8/209
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Timescales

The scientific community distinguishes three prediction regimes, each with different

methods and feasibility:

Regime Timescale

Example methods

Long-term 10-100 years
Intermediate 1-10 years

Short-term Hours to weeks

Seismic hazard maps, fault slip rates, GPS geodesy
Pattern recognition in seismicity, "M8" algorithm

Foreshocks, radon, ionospheric anomalies, GPS precursors
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The diagram below shows the spatial structure of the precursor chain, from lithosphere to
ionosphere:
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Great question. Let me search for more specific information before synthesizing a strategy.
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In summary, the optimal strategy for FuSe is essentially: credibility first, ambition second.
Build on the already-demonstrated modified gravity work to establish the action's scientific
reputation, invest heavily in the shared data and human infrastructure that makes cross-
disciplinary work possible, and pursue the more speculative aims — earthquake precursors,
BSM imprints — as explicitly exploratory science with rigorous statistical controls
borrowed from particle physics. That combination gives FuSe the best chance of producing
both publishable results and, potentially, something genuinely surprising.
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Low risk Medium risk Speculative

" Years 1-2 _/ Years 2-3 Years 3-4
Modified gravity Ultralight DM search Anomaly detection
f(R), EIBI via normal modes ] Sei_smometer networks as detectpr‘s | Pre-seismic signal search
Equation of state Neutron star analogy BSM imprints
Earth interior constraints | | f-modes, GW community link | . Exploratory, pre-registered |

Planetary seismology Physics-informed ML Coupling mechanisms
Moon, Mars InSight data | | PINNs on seismic waveforms | Lithosphere-ionosphere links |

Cross-cutting enablers (all years)

Open data STSMs Hackathons Rigour protocols

Shared repo, FAIR Cross-discipline Open ML challenges Pre-registration,
standards J | researcher visits ) __onseismicdata | | blind analysis
J/ J/ Convergent outputs J/ J/
Publications Gravity constraints Software toolkit
. Physics + geophysics journals | New bounds on BSM parameters | Open PINN + data pipelines |

All tracks governed by shared rigour protocols; speculative track explicitly labelled exploratory
STSMs = Short-Term Scientific Missions (COST funding tool) - PINNs = Physics-Informed Neural Networks
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Management Committee (MC)
\Governance, KPIs, cross-WG publication tracking)/

l

Grand challenge problems (require all WGs)
L Multi-param precursor pipeline - Modified gravity via normal modes

l l l |
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Fundamental physics " Integration & Translation WG = Seismology
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Shared infrastructure (all WGs feed in and draw from)
FAIR data repo - Common APl - Methods register - Shared glossary

— b

COST networking tools
STSMs - Training schools - Hackathons - Annual meetings

Integrated outputs
L Cross-WG publications - Open software toolkit - Gravity constraints p,

Fundamental Data
Physics Integration & Al

DATA FOR THEORY

>

THEORY-DRIVEN DATA REQUIREMENTS

A A

3 x 2
<2 e 8 >
= = m <
g < o < >

[©] o o =z
S E S o =8 B
o< g b B Q
x = ke - o> 2
W ow I E Coordination zz <
wn T ey &Knowledge Flow 5 s}
= ] > O =
uL % 6 [l =
Qs < O < m -
O w = g 35 B
= E = - Pl

< z 5] o)
b < g o]
B3 o = 3

e 2 Q ]

g = g

% o

v
MATERIALS & TESTING CONDITIONS
MATERIAL DATA FOR SEISMIC MODEL REFINEMENT
Planetary Instrumentation
& Stellar Modelling & Ohservations



TESTING FUNDAMENTAL
PHYSICS WITH SEISMOLOGY

ocoskE [

EUROPEAN COOPERATION o
IN SCIENCE & TECHNOLOGY

*




Are aims of FuSe feasible?

TESTING FUNDAMENTAL
PHYSICS WITH SEISMOLOGY

Where FuSe's aims are well-supported

1. Interdisciplinary networking (fully feasible) The core COST Action mechanism —
building a network of 76 scientists across 29 countries to share data, methods, and ideas —
is entirely realistic and is exactly what COST Actions are designed to do. This part is
unambiguously achievable.

2. Using Big Data, ML, and Al on seismic data (well-established) Recent advances in
seismological and non-seismological observations have resulted in a variety of data which
have significantly increased our ability to investigate earthquake-related processes at
multiple scales. The application of machine learning to these datasets is a mature and
growing field. Frontiers

3. Seismometers as physics detectors (emerging, promising) There is real precedent for
repurposing geophysical instruments for fundamental physics. Gravitational wave detectc
technology provides high-precision measurement apparatuses that have the potential to
measure and constrain particle interactions in a novel way. Seismometers share some of
this sensitivity, and using them to probe low-frequency phenomena beyond their
traditional scope is a legitimate research direction. arxiv

4. Testing gravity and modified gravity Seismology probes the interior of the Earth in
ways that can constrain equations of state and gravitational behaviour at intermediate
scales — an area where alternative theories of gravity (e.g. scalar-tensor theories) make
testable predictions. This is scientifically sound.
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1. Where significant challenges exist

1. Earthquake precursor science is highly controversial There is a general consensus in
the geoscience community that earthquake forecasting on time scales comparable to
meteorological forecasts is still quite far in the future, if ever attainable. arxiv

Several authors have published papers with claims ranging from cautious observations of
spatial and temporal correlations — interpreted as possible earthquake precursors — up tc
proposals for forecasting methods that have never been confirmed. Frontiers

This is one of the most contested areas in geoscience, and FuSe will need to navigate this
carefully to avoid being associated with fringe claims.

2. Distinguishing "new physics” from noise is extremely hard Seismic data is notoriousl
noisy and complex. Identifying a genuine imprint of beyond-Standard-Model physics in
seismic waveforms would require extraordinary evidence and very careful control of
systematic effects. No such detection has been made to date.

3. The link between seismology and fundamental interactions is speculative While ther
are theoretically motivated scenarios (e.g. dark matter wind coupling to matter, effects of
modified gravity on Earth's normal modes), these are currently hypothetical. The signal-tc
noise challenge is immense compared to dedi- A ~d detectors like LIGO or underground
experiments. -
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Strategic recommendations for FuSe

The core challenge for FuSe is that it bridges two communities — fundamental physicists
and Earth scientists — that have very different epistemologies, data cultures, and
definitions of "discovery." A successful strategy must respect both, build credibility in both,
and identify the intersection where genuine progress is possible.

1. Prioritise the scientifically solid track first

It has already been demonstrated that it is possible to test models of gravity, such as Palatini
f(R) and Eddington-inspired Born-Infeld models, using seismic data from Earth, with
models' parameters constrained to a 2o level of accuracy using Earth's moment of inertia
and mass data. This work, led by FuSe's own Chair Dr. Wojnar, is the action's most mature
and credible thread. The strategy should build outward from this: establish modified
gravity testing via seismology as the flagship scientific output in years 1-2, use it to
demonstrate proof-of-concept, and publish in high-impact journals spanning both physics
and geophysics. This creates credibility capital for the more speculative aims. arxiv
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2. Build a commmon data infrastructure early

Seismological opportunities include using machine learning and Al to improve seismic
data analysis, collaborating with industry partners to develop new applications, and
pursuing international collaboration and knowledge sharing. The single biggest barrier to
the FuSe programme is that fundamental physicists and seismologists use incompatible
data formats, tools, and vocabularies. The first working group priority should be creating a
shared, curated, open-access data repository — drawing on existing networks like IRIS/
FDSN — with standardised APIs and documented pipelines that both communities can use
without needing to become experts in the other field. NumberAnalytics

3. Use physics-informed machine learning, not black-box ML

A key limitation of many deep learning models is that they operate as black boxes, learning
purely data-driven representations that may violate fundamental physical principles
governing earthquake behaviour. Such a disconnect between learned patterns and
established seismological knowledge raises concerns about model reliability and
generalisation. FuSe should explicitly adopt physics-informed neural network (PINN)
approaches, where known equations of motion, wave propagation laws, or gravity models
are embedded as constraints. This is both scientifically sounder and more publishable — it
produces results that both communities can interpret and trust. arxiv
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4. Adopt a tiered research agenda by risk level

Not all of FuSe's aims carry the same scientific risk. A smart strategy explicitly separates
them:

e« Lowrisk/high confidence — testing modified gravity (Palatini f(R), scalar-tensor
theories) using Earth normal modes and seismic travel times. Deliverable in 2-3 years.

e Medium risk — using broadband seismometer networks to search for ultralight dark
matter or other long-wavelength BSM signals, following the methodology already
established for LIGO-style detectors. Gravitational wave detector technology has the
potential to explore interactions beyond the Standard Model of Particle Physics, and
the high-precision interferometry techniques behind it open up prospects of better
understanding early-universe phenomena and constraining aspects of the
cosmological standard model. Seismometers share some of this sensitivity at very
different frequency ranges. arxiv

e Highrisk /speculative — earthquake precursor science and new-physics imprints in
seismic waveforms. These should be framed as exploratory, hypothesis-generating
work, not as near-term deliverables. The study of earthquake precursors should be
better regarded in the framework of fundamental geophysics more than in trying to
guess the future. FuSe would be wise to adopt this framing explicitly, to avoid being
associated with fringe earthquake prediction claims. Frontiers
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5. Leverage the planetary and neutron star connection

A powerful and underexploited strategic angle is extending the seismology-gravity
connection beyond Earth. Recent advances have revealed the potential of seismic and
geophysical data to probe gravitational theories, particle physics, and the internal structure
of the Earth and astrophysical objects. Connecting terrestrial seismology with
asteroseismology and gravitational-wave-based neutron star seismology creates a multi-
scale "seismological laboratory" for gravity theories — and opens collaboration with the

gravitational-wave community (LIGO, Virgo, LISA), which has well-established BSM-
search methodology. CERN
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6. Invest heavily in community-building tools

Since FuSe is a COST Action — a networking instrument rather than a pure research grant
— its comparative advantage is human infrastructure. Concrete investments that pay the
highest return:

e Short-Term Scientific Missions (STSMs) for early-career researchers to cross
disciplines (a seismologist embedded in a theoretical physics group, or vice versa).

e Joint schools and hackathons following the successful model of ML-in-geoscience
competitions. A machine learning competition on laboratory earthquake forecasting
attracted more than 4,500 participating teams who created and shared more than 400
computer programs in openly accessible notebooks, yielding scientific insights while
serving as a pedagogical tool for teaching ML in geophysics. FuSe could run a similar
challenge focused on detecting anomalous signals in seismic data. PubMed Central

e A shared glossary and ontology — the term "normal mode" means something
different to a seismologist and a particle physicist. Investing in a common vocabulary
document early prevents years of miscommunication.
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7.Maintain rigorous epistemic standards

The biggest reputational risk for FuSe is being perceived as lending scientific legitimacy to
earthquake prediction pseudoscience. The strategy should include explicit quality-control
mechanisms: pre-registration of hypotheses before data analysis, blind analysis pipelines
borrowed from particle physics, and a clear policy distinguishing "statistically significant
signal in data" from "discovered new physics." The particle physics community's
experience with look-elsewhere effects and the replication crisis in precursor science both
offer lessons here.
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