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In the field of high-energy physics, which focuses on the study of fundamental particles and their interactions at extremely high energies, there are several key questions that scientists 

are actively investigating. Here are some of the major fundamental physics questions in high-energy physics:

1. What is the nature of the Higgs boson? The discovery of the Higgs boson at the Large Hadron Collider (LHC) in 2012 was a significant achievement. However, further studies 
are needed to precisely determine the properties and behavior of this particle. Understanding the Higgs boson and its role in the mechanism of mass generation is crucial for 
validating the Standard Model of particle physics and exploring physics beyond it.

2. Are there undiscovered particles or forces beyond the Standard Model? While the Standard Model successfully describes the known particles and three fundamental forces 
(electromagnetism, weak nuclear force, and strong nuclear force), it is believed to be an incomplete theory. High-energy experiments aim to discover new particles, such as 
supersymmetric particles or candidates for dark matter, and explore potential new forces that might exist beyond the current understanding.

3. What is the nature of neutrinos? Neutrinos are elusive particles with extremely weak interactions. They were long thought to be massless, but experiments have now confirmed 
that they have tiny but nonzero masses. Understanding the origin of neutrino masses, their mixing properties, and their role in particle physics and cosmology are active areas 
of research.

4. What is the mechanism behind the generation of matter-antimatter asymmetry? The universe appears to be predominantly composed of matter, with very little antimatter. 
However, the Standard Model does not explain why this imbalance exists. Investigating processes that violate the conservation of baryon number (the quantity of matter 
minus antimatter) and understanding the mechanism responsible for the observed matter-antimatter asymmetry is an important question in high-energy physics.

5. Can the fundamental forces be unified? The Standard Model treats the electromagnetic, weak nuclear, and strong nuclear forces as separate entities. However, unifying these 
forces into a single framework, such as through grand unified theories or string theory, is an ongoing pursuit. Experimental evidence and theoretical developments that point 
toward a unified description of the forces would have profound implications for our understanding of the fundamental nature of the universe.

These are just a few examples of the big fundamental physics questions in high-energy physics. The field is dynamic and continually evolving, with new experiments, theoretical 

developments, and discoveries shaping our understanding of the fundamental particles and forces that govern the universe at the smallest scales.









High-energy physics:

a .The Report of DOE’s Office of Science Basic Research Needs (BRN) for HEP Detector R&D that was 
published in 2019: https://www.osti.gov/servlets/purl/1659761; and

b. The European Committee for Future Accelerators (ECFA) 2021 Detector R&D (DRD) Roadmap: 
https://cds.cern.ch/record/2784893.

c. The 2021 Snowmass Study reports:

▪ Energy Frontier: https://arxiv.org/abs/2211.11084

▪ Instrumentation Frontier: https://arxiv.org/abs/2209.14111

▪ Software & Computing: https://arxiv.org/abs/2210.05822














