

Review Form 3
	

	Book Name:
	Physical Science: New Insights and Developments

	Manuscript Number:
	Ms_BPR_5240

	Title of the Manuscript: 
	Direct Measurement of Dark Matter Mass through the Scattering of a High-Energy Matter Beam

	Type of the Article
	Book chapter




 

	PART  1: Comments


	
	Reviewer’s comment
Artificial Intelligence (AI) generated or assisted review comments are strictly prohibited during peer review.

	Author’s Feedback (Please correct the manuscript and highlight that part in the manuscript. It is mandatory that authors should write his/her feedback here)

	Please write a few sentences regarding the importance of this manuscript for the scientific community. A minimum of 3-4 sentences may be required for this part.

	The manuscript "Direct Measurement of Dark Matter Mass through the Scattering of a High-Energy Matter Beam" presents a groundbreaking approach to determining the mass of Dark Matter (DM) particles using a model-independent kinematical analysis, offering a significant advancement for the scientific community. By proposing the use of high-energy matter beams, such as muons, to scatter off quasi-static DM targets and measuring the outgoing beam's energy and scattering angle, this method allows for a precise, direct measurement of DM mass without requiring prior knowledge of the underlying New Physics interactions. This is particularly important as it addresses a key limitation of conventional direct detection experiments, which struggle to isolate DM mass due to dependencies on interaction strength and detector thresholds. The approach not only enhances the potential for characterizing DM's fundamental properties but also provides a pathway to probe the nature of DM-Standard Model interactions, making it a valuable contribution to particle physics and cosmology.

	

	Is the title of the article suitable?
(If not please suggest an alternative title)

	The title, "Direct Measurement of Dark Matter Mass through the Scattering of a High-Energy Matter Beam," is generally suitable as it concisely captures the core focus of the manuscript—measuring Dark Matter (DM) mass via a novel scattering technique. It effectively highlights the experimental approach and its objective, making it clear and relevant to the scientific audience. However, it could be slightly refined for clarity and specificity by emphasizing the kinematical method and the use of a quasi-static DM target, which are central to the proposal. An alternative title suggestion could be: "Direct Determination of Dark Matter Mass via Kinematical Analysis of High-Energy Beam Scattering." This maintains the essence while adding precision to the methodology described.

	

	Is the abstract of the article comprehensive? Do you suggest the addition (or deletion) of some points in this section? Please write your suggestions here.

	The abstract of the article is concise and effectively communicates the core idea of directly measuring Dark Matter (DM) mass via scattering with a high-energy matter beam, emphasizing the model-independent kinematical approach. It adequately highlights the significance of the method for precise DM mass measurement without needing to probe New Physics (NP) interactions. However, it could be made more comprehensive by briefly mentioning the experimental context (e.g., the use of high-energy muons or the PKU-muon experiment) to provide clarity on the practical framework. Additionally, including a phrase about the potential to constrain NP interaction strength alongside mass measurement could strengthen its scope. No deletions are necessary, as the current content is relevant and focused.
Suggestions:
· Add: "Using high-energy beams, such as muons, in experiments like PKU-muon, this method..." to specify the experimental basis.
· Add: "...and offers insights into the DM-Standard Model interaction strength" to broaden the impact.

	

	Is the manuscript scientifically, correct? Please write here. 
	The manuscript appears to be scientifically correct based on the provided analysis. The kinematical approach to measure Dark Matter (DM) mass using elastic scattering of a high-energy matter beam is grounded in well-established principles of momentum and energy conservation, as demonstrated in Equations (1) to (4). The assumptions, such as treating DM as a quasi-static target relative to ultra-relativistic beams, are reasonable within the context of high-energy physics and align with the proposed experimental framework (e.g., PKU-muon experiment). The derivations are mathematically consistent, and the simplification in the high-energy limit (E1, E2 >> MB) is appropriately justified. However, the feasibility of the method hinges on experimental factors like DM abundance and interaction strength, which are acknowledged but not fully explored, suggesting a need for further validation through simulation or empirical data. Overall, the scientific reasoning and methodology are sound.

	

	Are the references sufficient and recent? If you have suggestions of additional references, please mention them in the review form.
-
	The references provided in the manuscript are generally sufficient to support the scientific context and claims, covering key theoretical frameworks (e.g., WIMPs, FIMPs) and experimental results in dark matter (DM) research. Most citations are recent, with several from 2023 and 2024 (e.g., Refs. [1], [6], [8], [14], [15]), reflecting the current state of the field as of April 07, 2025. However, some foundational references (e.g., Ref. [2] from 1996) are older but appropriately used for historical context. The inclusion of recent experimental results (e.g., LUX-ZEPLIN, PandaX-4T) and the PKU-muon experiment proposal strengthens the manuscript’s relevance.
Suggestions for additional references:
1. A reference to the latest cosmological constraints on DM mass from the Planck Collaboration (e.g., Planck 2018 results, arXiv:1807.06209) could enhance the astrophysical context.
2. Including a recent review or result on directional DM detection experiments (e.g., CYGNUS collaboration, arXiv:2305.10512) might complement the discussion on angular measurements.
Overall, the reference list is robust, but these additions could further broaden its scope.

	

	
Is the language/English quality of the article suitable for scholarly communications?

	The language and English quality of the manuscript are generally suitable for scholarly communication, with clear and precise scientific terminology appropriate for the field of particle physics. The text is well-structured and coherent, effectively conveying complex concepts such as kinematical analysis and dark matter interactions. However, minor grammatical inconsistencies (e.g., "till now" instead of "to date" in Section 1) and occasional awkward phrasing (e.g., "experimentally readable quantities" in the Abstract) could be refined to enhance readability and align with formal academic standards. Overall, the English quality supports effective scholarly communication but would benefit from slight polishing for publication.

	

	Optional/General comments

	The section effectively outlines a novel and promising method for directly measuring Dark Matter (DM) mass, leveraging high-energy matter beams and kinematical analysis. The clarity in explaining the shift from traditional recoil-based detection to a scattering angle and energy-based approach is commendable, making the concept accessible yet scientifically rigorous. However, the manuscript could benefit from briefly addressing potential experimental challenges, such as detector sensitivity or DM abundance requirements, to strengthen its feasibility argument. Overall, this work presents an innovative contribution with significant implications for advancing DM research.
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	Reviewer’s comment
	Author’s comment (if agreed with the reviewer, correct the manuscript and highlight that part in the manuscript. It is mandatory that authors should write his/her feedback here)

	Are there ethical issues in this manuscript? 

	(If yes, Kindly please write down the ethical issues here in detail)
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