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WEEKLY DIGEST: PHYSICAL & EARTH SCIENCES

Breakthroughs in Physics and Materials

Science Unveiled

Recent advancements in physics and materials science have led to significant
discoveries, including the development of a deep-sea enzyme that can survive
extreme heat, a $100 device that detects invisible particles from space, and a
tiny chip that can steer light at incredible speeds. These breakthroughs showcase
the rapid progress being made in understanding and manipulating the physical
world. From testing Einstein's gravity to creating new materials with unique
properties, researchers are pushing the boundaries of human knowledge. The
discoveries have the potential to transform various fields, including energy,

medicine, and technology.

KEY FINDINGS

v/ A deep-sea enzyme called nitrogenase
has been found to be unusually resistant to
heat, surviving temperatures up to 90 °C.

v A compact, $100 device called
CosmicWatch can detect invisible particles
created by cosmic rays.

v A new chip developed by Caltech can
steer light in 74 quadrillionths of a second
using a meta-surface made of nanoscale
silicon pillars.

IMPLICATIONS

— These breakthroughs could lead to
significant advancements in fields such as
energy, medicine, and technology.

- The discoveries have the potential to
transform our understanding of the
physical world and the development of
new materials and technologies.

— Further research and development could
lead to practical applications, such as more
efficient energy production and advanced
medical treatments.

Key Metrics: 90 °C: the temperature at which the nitrogenase enzyme breaks down;
$100: the cost of the CosmicWatch device; 74 quadrillionths of a second: the time it
takes for the Caltech chip to steer light; 215 million: the amount of funding available
for the US Department of Energy's Quantum Genesis Q Competition
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1. This deep-sea enzyme survives heat that destroys most

proteins

Category: Research

Departments: Biological Sciences, Chemistry & Biochemistry, Computer Science, Mathematical
Sciences, Metallurgical, Materials & Biomedical Engineering

Topics: Healthcare Al, Protein Structure Prediction, Enzyme Stability Optimization, Extreme
Environment Adaptation

Impact Score: 18.0
Rubric Scores

Research Relevance: 4 Educational Value: 3 Innovation / Novelty: 4
Practical Impact: 2 Interdisciplinary Potential: 4 Ethical / Policy Implications: 1

Researchers isolated and studied the nitrogenase enzyme from the deep-sea archaeon
Methanocaldococcus infernus, which enables nitrogen fixation under extreme conditions.
The enzyme, found to be unusually resistant to heat, only breaks down at 90 °C and
remains partially intact at 98 °C. The team determined the molecular structure of the
enzyme at near-atomic resolution, revealing it to be a simple yet combined form of the
molybdenum, vanadium, and iron-only nitrogenase families. This discovery provides
insights into the evolution of nitrogenases and how they facilitate nitrogen fixation under
extreme conditions.

https://www.sciencedaily.com/releases/2026/09/260918024810.htm

2. A $100 detector can see invisible particles raining down

from space

Category: Applications
Departments: Physics, Computer Science
Topics: Science & Research, Edge Al, Particle Detection

Impact Score: 18.0
Rubric Scores

Research Relevance: 2 Educational Value: 4 Innovation / Novelty: 3
Practical Impact: 4 Interdisciplinary Potential: 4 Ethical / Policy Implications: 1

University of Delaware physics professor Spencer Axani developed CosmicWatch, a
compact, $100 device that detects muons, invisible particles created by cosmic rays. The
device, roughly the size of a box of animal crackers, records and stores data on muon
counts, allowing users to analyze and study these particles. CosmicWatch has been used by
researchers and students for astrophysics research and educational purposes, enabling new
experiments and outreach opportunities at a lower cost than conventional muon detectors.
The technology can help study powerful cosmic events, image hidden structures, and has
potential applications in various fields.

https://www.sciencedaily.com/releases/2026/09/260917003725.htm
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3. Caltech's tiny new chip can steer light in 74 quadrillionths of

a second

Category: Research

Departments: Electrical & Computer Engineering, Computer Science, Metallurgical, Materials &
Biomedical Engineering, Physics, Mathematical Sciences

Topics: Al Hardware, Optical Computing, Meta-surface Design, Ultra-fast Light Modulation

Impact Score: 16.0
Rubric Scores

Research Relevance: 2 Educational Value: 2 Innovation / Novelty: 4
Practical Impact: 3 Interdisciplinary Potential: 4 Ethical / Policy Implications: 1

Caltech researchers developed a device that uses one beam of light to redirect another in
74 femtoseconds. The device relies on a meta-surface made of nanoscale silicon pillars,
which amplifies the optical Kerr effect to change the direction of the light beam. This
approach eliminates the need for an electrical signal, allowing for much faster modulation of
light than conventional technologies. The researchers achieved light steering by angles of
up to 13 degrees using this design.

https://www.sciencedaily.com/releases/2026/09/260918024823.htm

4. The shape behind the Einstein problem just revealed

strange new physics

Category: Research
Departments: Physics, Mathematical Sciences, Computer Science, Electrical & Computer Engineering
Topics: Multimodal Al, Optical Physics, Chiral Patterns

Impact Score: 15.0
Rubric Scores

Research Relevance: 2 Educational Value: 2 Innovation / Novelty: 4
Practical Impact: 3 Interdisciplinary Potential: 4 Ethical / Policy Implications: O

Researchers have discovered that structures based on the "Smith hat" mathematical shape
can create unusual chiral patterns with light, revealing new ways geometry can influence
optical behavior. The Smith hat, which solves the Einstein problem, was used to build optical
structures that produced diffraction effects unlike those seen in conventional quasicrystals
when illuminated with laser light. The structures' aperiodic arrangement caused the light to
display a chiral response, with the diffraction pattern changing depending on the direction
and polarization of the incoming light. This research could contribute to technologies that
manipulate light, control polarization, and support advanced optical devices.

https://www.sciencedaily.com/releases/2026/09/260914102432.htm
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5. Scientists are about to test Einstein's gravity with exotic

matter

Category: Research
Departments: Physics, Mathematical Sciences
Topics: Science & Research, Quantum Gravity Measurement, Exotic Matter Experiments,

Equivalence Principle Testing

Impact Score: 15.0
Rubric Scores

Research Relevance: 2 Educational Value: 3 Innovation / Novelty: 4
Practical Impact: 1 Interdisciplinary Potential: 4 Ethical / Policy Implications: 1

Researchers at ETH Zurich and the Paul Scherrer Institute are preparing an experiment to
test whether gravity affects all particles equally, using the muon, a heavier relative of the
electron. The experiment involves creating muonium, a neutral atom composed of a muon
and an electron, and measuring its gravitational interaction. To overcome previous
challenges, the team has developed a method to produce muonium atoms in a "cold" state
using superfluid helium, allowing for precise gravity measurements. This experiment could
provide the first test of Einstein's equivalence principle involving a second-generation
particle.

https://www.sciencedaily.com/releases/2026/09/260918024808.htm

6. Scientists find that "perfect" systems may be surprisingly

fragile

Category: Research

Departments: Mathematical Sciences, Physics, Computer Science, Engineering Education &
Leadership, Industrial, Manufacturing & Systems Engineering

Topics: Al Ethics & Safety, Resilience Optimization, Network Stability Analysis

Impact Score: 14.0
Rubric Scores

Research Relevance: 2 Educational Value: 2 Innovation / Novelty: 3
Practical Impact: 2 Interdisciplinary Potential: 4 Ethical / Policy Implications: 1

Physicists at Northwestern University developed a mathematical framework to determine
when variation in network components can make a system more stable. The study found
that many physical, engineered, and biological systems can become more resilient when
their components or connections are not identical. This challenges the idea that uniformity
is always the goal and suggests that introducing differences into a system could help design
more resilient technologies. The researchers also created a website to visually explore the
framework and adjust parameters to observe network behavior.

https://www.sciencedaily.com/releases/2026/09/260919031022.htm
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7. DOE's $215M Quantum Competition Ties Awards to Verified

Performance

Category: Policy & Ethics

Departments: Computer Science, Electrical & Computer Engineering, Mathematical Sciences, Physics,
Engineering Education & Leadership

Topics: Al Hardware, Quantum Computing, Fault-Tolerant Systems

Impact Score: 13.0
Rubric Scores

Research Relevance: 1 Educational Value: 2 Innovation / Novelty: 2
Practical Impact: 3 Interdisciplinary Potential: 3 Ethical / Policy Implications: 2

The US Department of Energy is launching the Quantum Genesis Q Competition with up to
$215 million in planned funding to advance quantum computers for scientific work. The
competition offers early awards and shared incentive pools for companies that demonstrate
fault-tolerant systems with at least 100 logical qubits. Awards are tied to verified
performance, with the goal of pushing quantum computers toward useful applications. The
competition was announced on September 17.
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