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Breakthroughs in Quantum Computing and

Physics Research

Recent research has led to significant advancements in quantum computing and
our understanding of physical phenomena. IBM has made its 120-qubit Nighthawk
r2 quantum processor available, capable of executing over 100,000 circuits per
second. Meanwhile, studies have challenged long-standing assumptions in
physics, including the discovery of unusual magnetic responses and quantum
oscillations in exotic materials. These findings have the potential to transform our
understanding of material properties and quantum systems.

KEY FINDINGS

v IBM's Nighthawk r2 quantum processor
features a new qubit-reset architecture
that delivers up to 25 times the circuit
throughput of its Heron systems.

v Researchers have discovered an unusual
magnetic response in a material that
challenges a long-standing assumption
about the Hall effect.

v A study found that as a solar sail
approaches relativistic velocities, the light
used to propel it can produce a drag effect
due to diffuse scattering, reducing the
efficiency of the propulsion system.

IMPLICATIONS

- These advancements in quantum
computing could lead to breakthroughs in
fields such as medicine and finance, where
complex simulations can be performed
more efficiently.

- The discovery of unusual magnetic
responses and quantum oscillations in
exotic materials could transform our
understanding of material properties and
quantum systems.

- Further research on the drag effect in
solar sails could improve the design of
propulsion systems for interstellar travel.

Key Metrics: 100,000 circuits per second; 25 times the circuit throughput; 120-qubit

processor; 75% of light speed; 100,000
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1. Quantifying User Behavior Patterns to Build Better

Predictive Features

Category: Research

Departments: Computer Science, Mathematical Sciences

Topics: Enterprise Al, Dynamic Behavioral Features, User Behavior Analytics, Predictive
Modeling

Impact Score: 21.0
Rubric Scores
Research Relevance: 4 Educational Value: 4 Innovation / Novelty: 4

Practical Impact: 4 Interdisciplinary Potential: 3 Ethical / Policy Implications: 2

Traditional user models rely on static profiles, which fail to capture moment-to-moment
shifts in user behavior and intent. Research shows that modeling user behavior as
temporally evolving action graphs captures predictive signals missed by static snapshots.
Dynamic behavioral features, such as velocity, depth, and friction, can be engineered to
quantify behavioral nuance and update in real-time, reflecting shifts in user behavior. These
features can be used to improve user behavior analytics and machine learning outcomes by
providing more accurate and relevant signals.

2. Dynamical System Transfer Learning with Reduced Order
Models

Category: Research

Departments: Computer Science, Aerospace & Mechanical Engineering, Industrial, Manufacturing &
Systems Engineering, Electrical & Computer Engineering, Mathematical Sciences

Topics: Reinforcement Learning, Transfer Learning, Reduced Order Models

Impact Score: 21.0
Rubric Scores
Research Relevance: 4 Educational Value: 4 Innovation / Novelty: 4

Practical Impact: 3 Interdisciplinary Potential: 4 Ethical / Policy Implications: 2

Researchers explored applying transfer learning to reinforcement learning (RL) for complex
physical dynamical systems to reduce lengthy training times. Transfer learning uses
pre-trained models to accelerate training on similar problems, assuming the model only
needs small adjustments. A reduced order model (ROM) was developed using unsupervised
learning on a dataset of system measurements to create a simplified simulation
environment for training RL algorithms. The ROM aims to retain accuracy while reducing
complexity, enabling faster simulation and training of RL algorithms for controlling nonlinear
physical systems.

https://towardsdatascience.com/dynamical-system-transfer-learning-with-reduced-order-models,
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3. Tables in PDFs for RAG: Don't Flatten the Grid

Category: Research

Departments: Computer Science, Electrical & Computer Engineering, Industrial, Manufacturing &
Systems Engineering, Mathematical Sciences

Topics: Natural Language Processing, Retrieval Augmented Generation (RAG), Table Structure
Preservation

Impact Score: 20.0
Rubric Scores
Research Relevance: 4 Educational Value: 4 Innovation / Novelty: 3

Practical Impact: 4 Interdisciplinary Potential: 3 Ethical / Policy Implications: 2

Tables in PDFs pose a challenge for enterprise Retrieval-Augmented Generation (RAG)
systems, as parsing them into text causes loss of structural information, leading to
inaccurate results. The authors propose a diagnostic approach and five composable
operations to preserve table structure. Representing tables at four different levels of
structure, depending on table size, schema stability, and question type, is a key design
decision. This approach aims to restore tables to their native structured form and treat them
as data, rather than handling them as text.

https://towardsdatascience.com/tables-in-pdfs-for-rag-dont-flatten-the-grid

4. IBM Nighthawk r2 Tops 100,000 Circuits per Second with

New Reset Architecture

Category: Research

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

Topics: Al Hardware, Quantum Computing Architecture, Qubit Reset Technology

Impact Score: 15.0
Rubric Scores
Research Relevance: 2 Educational Value: 2 Innovation / Novelty: 4

Practical Impact: 3 Interdisciplinary Potential: 3 Ethical / Policy Implications: 1

IBM has made its Nighthawk r2 quantum processor available through the IBM Quantum
Platform. The 120-qubit processor features a new qubit-reset architecture that delivers up
to 25 times the circuit throughput of its Heron systems. It can execute more than 100,000
circuits per second. This represents an improvement over previous generations of IBM
processors.

https://www.hpcwire.com/2026/09/04/ibm-nighthawk-r2-tops-100000-circuits-per-second-with-new-res

et-architecture/
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5. Scientists just overturned a century-old physics assumption

Category: Research

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

Topics: Science & Research, Multimodal Sensing, Magnetic Field Detection, Topological
Materials

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

Carnegie Mellon University researchers discovered an unusual magnetic response in a
material that challenges a long-standing assumption about the Hall effect. The finding,
published in Nature Materials, shows that a Hall response tied to magnetization can occur in
more than one direction, allowing for the investigation of multidimensional magnetic and
topological structures. The researchers demonstrated this effect in a device made of
tantalum iridium telluride and a magnetic layer, enabling the detection of magnetic fields
along multiple axes. This discovery could support the development of simpler and more
flexible magnetic sensors for various applications.

https://www.sciencedaily.com/releases/2026/09/260901010659.htm

6. Quantum oscillations defy expectations in this exotic

material

Category: Research

Departments: Physics, Mathematical Sciences, Electrical & Computer Engineering, Computer Science,
Chemistry & Biochemistry

Topics: Science & Research, Quantum Materials, Topological Insulators, Relativistic
Quasiparticles

Impact Score: 14.0
Rubric Scores
Research Relevance: 2 Educational Value: 2 Innovation / Novelty: 4

Practical Impact: 1 Interdisciplinary Potential: 4 Ethical / Policy Implications: 1

A study published in Nature Communications discovered an unusual form of quantum
oscillation in the three-dimensional topological insulator zirconium pentatelluride (ZrTe5)
when exposed to extremely low temperatures and powerful magnetic fields. The
researchers found that ZrTe5's magnetoresistance oscillations were not conventionally
periodic and persisted beyond the quantum limit, contradicting conventional expectations.
The findings suggest that electrons in ZrTe5 can behave like relativistic quasiparticles with
spin playing a central role in their energy levels when interacting with strong magnetic
fields. This research expands understanding of electron transport in exotic phases of matter
and implies that topological insulators can support transport of both electric charge and
electron spin.

https://www.sciencedaily.com/releases/2026/09/260901010715.htm
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7. Interstellar solar sails hit a strange problem at 75% of light

speed

Category: Research

Departments: Aerospace & Mechanical Engineering, Physics, Computer Science, Electrical &
Computer Engineering, Mathematical Sciences

Topics: Autonomous Systems, Relativistic Propulsion Dynamics, Radiative Effects Modeling,
Interstellar Solar Sails, High-Speed Physics

Impact Score: 14.0
Rubric Scores

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

Researchers found that as a solar sail approaches relativistic velocities, the light used to
propel it can produce a drag effect due to diffuse scattering, reducing the efficiency of the
propulsion system. This occurs when the sail reaches about 75% of the speed of light,
causing scattered light to be directed forward and producing a force opposite to the
direction of travel. The study focused on radiative dynamics and did not account for
non-radiative effects such as collisions and thermal limits of real sail materials. The findings
highlight the importance of understanding high-speed effects for the development of
interstellar solar sails.

https://www.sciencedaily.com/releases/2026/08/260831015157.htm

8. Why Transformers Need Positional Encoding For Time

Series: A Visual Guide

Category: Research

Departments: Computer Science, Mathematical Sciences, Industrial, Manufacturing & Systems
Engineering, Electrical & Computer Engineering

Topics: Natural Language Processing, Positional Encoding, Transformer Models for Time Series

Impact Score: 13.0
Rubric Scores

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

The author investigated transformer models for time series data, tracing the ideas back to
self-attention and positional encoding. Transformers, originally built for language, can be
applied to time series data as both modalities involve sequences where order changes
meaning. Self-attention allows each observation to use information from the rest of the
sequence, but requires a sense of order, which is achieved through positional encoding. A
simple mathematical idea of positional encoding enables transformers to understand the
order of observations, and this concept has evolved over time but remains fundamental to
transformer models.
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9. A search for one exotic particle uncovered two strange new

structures

Category: Research

Departments: Physics, Mathematical Sciences, Earth, Environmental & Resource Sciences, Chemistry
& Biochemistry, Biological Sciences

Topics: Science & Research, Particle Physics Research, Strong Nuclear Force Modeling, Exotic
Particle Detection, Gluonic Excitations

Impact Score: 11.0
Rubric Scores

Research Relevance: 1 Educational Value: 2 Innovation / Novelty: 3
Practical Impact: 1 Interdisciplinary Potential: 4 Ethical / Policy Implications: 0

Researchers at Jefferson Lab have identified evidence for two unexpected structures in the
particle landscape, which may help clarify the puzzling group of objects known as XYZ
states. These states do not fit neatly into the conventional picture of particles built from
quarks. The findings, from the Gluonic Excitations Collaboration, were detected when a
beam of high-energy photons interacted with a proton target and were published in Physical
Review Letters. The results could help scientists better understand how the strong nuclear
force contributes to the formation of matter.

https://www.sciencedaily.com/releases/2026/08/260831015147.htm

10. Scientists discover two superconducting states hiding as

one

Category: Research

Departments: Physics, Computer Science, Electrical & Computer Engineering, Mathematical Sciences,
Chemistry & Biochemistry

Topics: Science & Research, Superconducting Materials, Quantum Computing, Tunneling
Spectroscopy

Impact Score: 11.0
Rubric Scores

Research Relevance: 0 Educational Value: 0 Innovation / Novelty: 4
Practical Impact: 3 Interdisciplinary Potential: 4 Ethical / Policy Implications: O

Researchers have discovered that the superconductor niobium diselenide (NbSe2) exhibits
two distinct superconducting orders that interact strongly, appearing as a single order. This
finding explains a long-standing puzzle in the material's energy spectrum and was achieved
using highly sensitive tunneling spectroscopy measurements. The discovery could enable
the design of superconducting materials and devices with greater control and precision,
which is crucial for the development of quantum computers, ultra-efficient electronics, and
advanced technologies. The same behavior was also identified in the related material TaS2.

https://www.sciencedaily.com/releases/2026/08/260828005222.htm
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