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Abstract 
 
Protons, fundamental components of atomic nuclei, play a crucial role in the structure and 
behavior of matter. This paper explores the theoretical and practical implications of enlarging a 
proton, drawing parallels with concepts from quantum chromodynamics (QCD) and speculative 
science fiction, such as the Sophon from Cixin Liu's Remembrance of Earth’s Past trilogy. The 
study delves into the proton charge radius puzzle, the challenges associated with proton 
manipulation, and the potential applications of enlarged protons in quantum computing, data 
storage, and interstellar travel. The discussion extends to the feasibility of engineering protons 
with modified properties for advanced technological uses. By bridging quantum physics and 
speculative exploration, this paper provides insights into the potential breakthroughs that 
manipulating fundamental particles could bring to science and technology. 
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Introduction 
Hadron is a type of subatomic particle that includes baryons and mesons, which can participate 
in strong interaction. Hadrons are formed from quarks. Proton is a hydron type formed from 2 
"up" quarks (u) and 1 "down" quark(d) held together by the strong nuclear force.  Protons are 
elementary particles that are a fundamental component of matter. Their size is usually 
measured by their charge radius, and any enlargement would involve theoretical or 
experimental physics concepts that manipulate the behavior of these particles. Nucleon is a 
term used for protons and neutrons and is responsible for the %99 of the visible matter. The 
ultimate goal is to predict properties of nucleons from the principles of Quantum 
Chromodynamics (QCD) It describes how light and matter interact and is the first theory where 
full agreement between quantum mechanics and special relativity is achieved. Proton radius 
charge plays a crucial role in exploring QCD and QED concepts. 

 
The Proton Charge Radius is a physical property that defines the size of the region where the 
proton's positive electric charge is distributed. In other words, it is the radius that measures the 
area occupied by the proton's charge density. 
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The proton's charge radius is measured using two methods: Electron-proton scattering 
experiments: Electrons are scattered off protons to study the charge distribution and Muon atom 
spectroscopy: More precise measurements are conducted through the interaction of muons (a 
type of particle) with protons. It is an important parameter for understanding the internal 
structure of the proton and the behavior of quarks. The proton is an extremely small particle, 
and its charge distribution has been measured to be approximately 0.84–0.87 femtometers (1 
fm = 10⁻¹⁵ meters). 
 
Despite decades of efforts in studying the internal structure of the proton, there are still a 
number of puzzles and open questions surrounding the proton such as its spin and charge 
radius. 
 
The proton charge radius puzzle originated in 2010 following a discrepancy of 5-7 standard 
deviations between the ultrahigh precise values of the proton charge radius determined from 
muonic hydrogen Lamb shift measurements and the Committee on Data for Science and 
Technology (CODATA) values compiled from electron-proton scattering experiments and 
ordinary hydrogen spectroscopy measurements, and with the muonic results being significantly 
smaller than the CODATA recommended values (Gao, H., & Vanderhaeghen, M. (2021, May 4).  
 
The proton charge radius) Electrons were scattered off protons to examine the proton's charge 
distribution. Using this method, the proton's radius was determined to be approximately 0.88 
femtometers (fm). Measurements conducted by analyzing the energy levels of normal hydrogen 
atoms also found the proton's radius to be around 0.88 fm. In 2010, experiments examining the 
interactions of a muon—a heavier counterpart of the electron—with the proton yielded an 
unexpected result: the proton's radius was measured to be 0.84 fm. This value is approximately 
4% smaller than those obtained using other methods and this discrepancy is known as the 
"Proton Radius Puzzle" and remains a topic of debate in the physics community. This 
discrepancy suggests that there might be a gap in fundamental theories such as particle physics 
and quantum electrodynamics, or the presence of an unknown physical mechanism. 
 
The reason it possesses significance is this discrepancy between different experimental 
methods has raised the possibility of a gap in physical theories. 
Since the muon is a heavier version of the electron, quantum electrodynamics (QED) dictates 
that the interactions of both particles with the proton should be identical. However, these 
differing results could challenge the validity of QED. 
 
Possible Explanations are: An unknown force or particle may influence muon-proton interactions 
or A new physics theory beyond the Standard Model might be required. 
Newer and more precise experiments (post-2020) have achieved some consistency, but the 
discrepancy involving muons remains unresolved. The Proton Radius Puzzle is still an open 
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question in modern physics. Resolving it could provide groundbreaking insights into the 
Standard Model or its extensions, marking a significant milestone in understanding the 
universe's fundamental building blocks (Antognini et al., 2013) 
 
2. From Fiction to Physics: The Possibilities of Proton Manipulation 

 
This paper will focus on the content of “Enlarging a Proton”, what are the possible applications, 
hardship and reason behind this and how it can contribute to physics. And its similarity to 
Sophons (a sci-fi concept from  Cixin Liu's book) and how it can navigate the Concept of 
Enlarging a Proton 

 
In Remembrance of Earth’s Past, a science fiction trilogy by Cixin Liu, the Sophon serves as a 
fascinating yet chilling example of advanced technology. The Sophon is a supercomputer made 
from a single proton, sent to Earth by the alien Trisolarans. Although it initially appears as a 
mere tool for espionage—lacking autonomy and only serving as a relay for alien messages—by 
the final book, Death's End, it gains a physical form and even exhibits behaviors and emotions 
that are disturbingly human. This transformation suggests a far-reaching potential for the 
manipulation of fundamental particles, pushing the boundaries of what we currently understand 
about technology and its interaction with the quantum world. 
 
The concept of enlarging a proton mirrors the fictional portrayal of the Sophon, although it 
seems far beyond our current capabilities in physics and technology. While the idea of 
transforming a single proton into a computational unit or enlarging it to function as an advanced 
data storage medium might sound like science fiction, it draws from real theoretical approaches 
in physics, particularly quantum mechanics and quantum information theory. In a similar way 
that the Sophon in the novel is manipulated for advanced computing and information storage by 
an alien civilization, enlarging protons could hypothetically enable the development of incredibly 
efficient and compact quantum computers or revolutionary data storage systems. 

 
Though seemingly impossible at present, the idea of manipulating protons opens the door to 
discussions in theoretical physics about potential breakthroughs. If we could overcome the 
challenges of manipulating such a fundamental particle, it might lead to unprecedented 
advances in quantum computing and communication. In this context, the Sophon serves not 
only as a thought-provoking piece of fiction but also as a creative springboard for exploring what 
the future of quantum technologies could look like—if we learn to control particles on the scale 
of protons. 

 
Just as the Sophon serves as an espionage unit for the Trisolarans, a proton-based 
computational unit could, in theory, be used for advanced quantum communications, 
cryptography, or even as part of artificial intelligence systems, opening up a new realm of 
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possibilities for both terrestrial and extraterrestrial technology. This futuristic vision, although 
speculative, provides valuable insight into the potential of manipulating the very building blocks 
of matter for practical applications, such as enhancing data density or creating super-efficient 
systems for processing vast amounts of information. 

 
While the idea of enlarging a proton may currently be beyond our reach, the link between 
science fiction and emerging fields of quantum technology is a powerful reminder of how 
speculative ideas can inspire real scientific inquiry. The merging of concepts like the Sophon 
with theoretical physics pushes the limits of our imagination, inviting us to consider a future 
where our understanding of particles, computation, and the fabric of reality itself is radically 
transformed. Rest of this paper will focus on Why we should enlarge a proton, what are the 
theoretical applications and hardships, and possible outcomes. 
 
3. Why to Enlarge a Proton  
Protons are fast and smart. In high-energy particle accelerators like the Large Hadron Collider 
(LHC), protons can reach speeds of 99.9999991% of the speed of light. Unlike all other ions, a 
proton lacks electronic structure; as the lightest chemical moiety, these particles behave 
quantum mechanically and can change position by tunneling. (DeGregorio & Iyengar, 2020). 
 
Enlarging a proton could revolutionize interstellar missions by introducing capabilities that 
traditional technologies cannot achieve. These advancements would leverage the unique 
properties of protons, such as their quantum mechanical behavior and potential for high-speed 
travel. 
 
Quantum physics has consistently proven reliable in scenarios where classical physics falters, 
suggesting that the next breakthroughs in understanding the universe—whether it be the nature 
of dark matter, interstellar travel, or advanced computation—are likely to emerge from the 
quantum realm. 
 
Protons' quantum tunneling properties make them intriguing for developing advanced propulsion 
systems. Enlarged protons could potentially interact with space-time differently, inspiring 
innovative quantum propulsion technologies that bring us closer to achieving near-light-speed 
travel. Current propulsion concepts, such as ion propulsion and theoretical quantum drives, 
could benefit from breakthroughs in proton manipulation (NASA, 2020). 

 
Quantum communication systems based on enlarged protons could enable instant data 
transmission across interstellar distances via quantum entanglement. This technology would 
overcome the communication delays caused by the finite speed of light, which hampers current 
deep-space missions (DeGregorio & Iyengar, 2020).  
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Protons are made up of quarks bound together by the strong nuclear force, and they exhibit 
quantum states such as spin, charge, and color charge. If we could "enlarge" a proton while 
retaining control over these quantum states, we could use them to encode vast amounts of 
information. Each quantum state of the quarks within an enlarged proton could serve as a bit of 
information, allowing for multiple data points to be stored in a single particle. This is similar to 
quantum computing, where quantum bits (qubits) can store superpositions of states. 

 
Protons are inherently stable, with lifetimes exceeding the age of the universe under normal 
conditions. Enlarging a proton could provide a way to harness this stability for long-term data 
preservation. This approach could lead to the creation of a "data archive" where information 
remains intact for billions of years, crucial for projects like preserving knowledge for future 
civilizations or interstellar missions. 

 
Proton-based data storage could theoretically achieve near-infinite compression of information, 
storing petabytes or even exabytes of data in a microscopic space. Unlike traditional systems 
requiring large-scale infrastructure, proton-based storage might operate with minimal energy by 
relying on quantum principles rather than classical electrical or magnetic systems. 
 
Storing data in a proton by utilizing its quantum mechanical properties—such as quantum 
tunneling, entanglement, and wave-particle duality—opens up a realm of speculative and 
transformative possibilities. These include data teleportation and time travel, interdimensional 
data access, and quantum-enhanced holographic simulations. The continuation of the paper will 
focus on these possibilities, how they work, possible outcomes, and challenges. 

 
3.1. Teleportation of Data 
Protons, like all quantum particles, can become entangled with one another, meaning their 
states are intrinsically linked regardless of distance. This could enable quantum teleportation of 
data stored within a proton. 

 
Protons, like all quantum particles, can exhibit quantum entanglement, where their states remain 
intrinsically linked regardless of the physical distance between them. This phenomenon could 
theoretically enable quantum teleportation of information stored within a proton, bypassing the 
constraints of traditional data transmission speeds (Nielsen & Chuang, 2010) 

 
Instantaneous communication over vast distances is valuable for interstellar missions, where 
data transfer takes years. However, entanglement is extremely fragile and susceptible to 
decoherence, which must be resolved for large-scale applications. 
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3.2. Time Travel of Data 
Quantum particles like protons can exist in superpositions of states (Schrödinger, 1935), 
meaning they don't just "move" forward in time— a quantum particle, like a proton, can exist in 
multiple states at once until observed. Enlarging a proton and controlling its quantum states 
might allow data to be "stored" not just spatially, but temporally. 

 
Data could be retrieved from the past or sent to the future by manipulating the proton's quantum 
wave function (the probability of finding a particle in a certain state or position). 
 
Time-stamped messages could allow civilizations to send warnings or knowledge across 
generations, creating a "quantum time capsule." However, the laws of quantum mechanics don't 
yet integrate well with general relativity, so such effects remain highly speculative. 

 
3.3 Advanced Quantum AI 
Protons exhibit quantum behaviors such as tunneling—allowing them to bypass energy 
barriers—and entanglement, where information can be instantaneously correlated between 
distant particles (Nielsen & Chuang, 2010). If protons can store and process quantum data, they 
could enable AI systems that operate at quantum speeds, significantly surpassing classical 
computation. Such an AI system could rapidly solve complex navigation problems in interstellar 
travel by leveraging quantum superposition and parallel processing (Deutsch, 1985). However, 
challenges like decoherence and error correction must be addressed before realizing such a 
system. 

 
3.4 Revolutionized Interstellar Propulsion 
By leveraging the speed of protons (99.9999991% of the speed of light in particle accelerators), 
we might be able to combine quantum data storage with propulsion systems. 

 
Data stored in a proton could interact quantum mechanically with the environment, enabling a 
spacecraft to "predict" and adapt to cosmic events such as asteroid fields or radiation bursts in 
real-time, thereby creating a quantum-powered navigation system. 
 
In terms of theoretical implications, protons could even be harnessed for faster-than-light travel 
(FTL) if concepts like quantum tunneling or warp drives become viable. Additionally, the 
Alcubierre warp drive is a theoretical construct that involves bending spacetime to achieve FTL 
movement. While these ideas are intriguing, they remain within the realm of theoretical physics 
and have not been realized in practice. 
 
3.5 Quantum-Enhanced Holographic Simulations 
Protons, when enlarged for data storage, could potentially house entire holographic simulations 
of reality. These simulations might serve as test environments for interstellar missions, enabling 
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scientists to predict outcomes before undertaking high-risk endeavors. Moreover, quantum 
entanglement could allow these holographic simulations to be instantly transmitted between 
distant locations, potentially revolutionizing space exploration (Bennett et al., 1993; Susskind, 
1995; NASA, 2020). 

 
3.6 Interdimensional Data Access 
Enlarging protons could unlock previously unknown quantum behaviors, including potential 
interactions with extra dimensions as predicted by string theory. String theory posits that the 
fundamental particles in the universe, such as quarks and electrons, are not point-like objects, 
but instead are tiny, vibrating strings of energy (Green, Schwarz, & Witten, 1987). These strings 
vibrate at different frequencies, with each vibrational mode corresponding to a different particle 
type (Polchinski, 1998). 
 
If protons are indeed connected to higher-dimensional spaces as string theory suggests, data 
stored within them could transcend our three-dimensional understanding of space and time. 
This "interdimensional" data access could lead to significant breakthroughs in understanding the 
very fabric of the universe. Such discoveries might offer insights into unsolved mysteries like  
dark matter or even the origins of the cosmos (Becker, Becker, & Schwarz, 2007). 

 
4. Theoretical Challenges 
The theoretical challenges of such innovative projects include overcoming decoherence, where 
environmental noise could corrupt data, addressing the manipulation scale required to enlarge 
protons while preserving quantum coherence—an achievement far beyond current 
technology—managing the potentially prohibitive energy costs of such manipulation and 
resolving the longstanding issue of unifying quantum mechanics with general relativity to explain 
large-scale phenomena. 

 
Quarks within the proton, being fermions, cannot share the same quantum state in the same 
spatial region. Adding extra material could conflict with the Pauli exclusion principle, which 
restricts the possible quantum states (Bertulani et al., 2020). 

 
5. How to Enlarge a Proton 
The radius of the proton is determined by its charge distribution. Measurements obtained from 
electron-proton scattering experiments and hydrogen atoms bound to muons yield different 
values for the proton's radius. Various experimental techniques might alter the "perceived" 
radius of the proton. 
 
Enlarging the radius of a proton is not possible through a direct physical intervention with the 
known laws of physics, as the size of a proton is determined by nature's fundamental physical 
laws and quantum mechanics. However, theoretically, we can measure or influence fundamental 
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properties like the proton's radius under different experimental conditions. This paper will 
discuss how enlarging a proton could be possible and how we could increase the proton's size.  
 
5.1 Interaction with Different Particles 
The structure of a proton is governed by the fundamental forces between quarks and gluons, as 
described by Quantum Chromodynamics (QCD). These interactions not only determine the 
proton's mass but also its spatial dimensions (Fritzsch & Gell-Mann, 1971). When a proton 
collides with another high-energy particle, such as an electron or a muon, the underlying 
quark-gluon dynamics can momentarily shift due to the exchange of energy during the collision 
(Amsler et al., 2008). 
 
Such interactions can create a temporary distortion in the proton's internal structure, which may 
manifest as an "effective size" that appears larger than its standard, rest-state radius. This 
phenomenon is often studied using scattering experiments, where high-energy collisions lead to 
measurable changes in the proton's scattering patterns (Perdue & Schiavilla, 2017). In this 
context, the proton does not physically expand. However, the effective radius measured through 
these collisions may seem to increase due to the dynamic response of the quark-gluon 
interactions. If we can develop a method to inject or store information into the proton at this 
point, we could then track whether the data changes or remains stable once the proton returns 
to its original size. Additionally, this process could allow for the exploration of how the encoded 
information behaves over time, potentially opening doors to advanced data storage or 
manipulation techniques within quantum systems. 

 
5.2 High-Energy Collisions and Proton Manipulation 
In particle accelerators, protons are subjected to high-energy collisions, which can induce 
significant changes in their internal structure. During such interactions, the quarks within the 
proton can experience increased energy densities, leading to a temporary expansion of the 
proton’s spatial distribution (Kharzeev, 2004). This phenomenon is transient, with the proton 
returning to its original size once the energy dissipates (CMS Collaboration, 2015). 

 
This expansion is not a permanent characteristic of the proton, but rather a transient state. 
However, if we could find a way to manipulate or observe the proton in this momentary 
expanded state, it could potentially open up revolutionary possibilities. Such advancements 
could offer significant insights into data storage, quantum states, and even further applications 
in quantum computing or communication. 

 
5.3 Theoretical Approaches 
Theories extending beyond Quantum Chromodynamics (QCD) could suggest that different 
forces may affect the structure of the proton. For instance, models of quantum gravity or string 
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theory might propose that additional dimensions or interactions could alter the proton's size 
(Polchinski, 1998; Bouchiat et al., 2008). 

 
If a new particle or force were discovered that influences the interactions of the quarks inside 
the proton, this could theoretically change the proton's size. This might be related to phenomena 
like supersymmetry or dark matter interactions that modify the fundamental forces governing 
particle behavior (Jungman et al., 1996; Abdallah et al., 2016). 

 
5.4 Environmental Conditions 
Although the proton's radius cannot be directly increased, its environmental effects can be 
measured under specific physical conditions. 

 
Protons might exhibit different behaviors in dense-matter environments. This could cause the 
proton’s distribution function to appear different. For example, in the context of nuclear matter or 
in the cores of neutron stars, protons may interact differently, potentially altering their effective 
radius (O'Hara et al., 2011; Rapp et al., 2001). 
 
In very strong magnetic fields, the internal dynamics of the proton could be influenced, which 
might indirectly alter the perception of its size. This effect can be observed in high-energy 
particle experiments or in astrophysical contexts, such as near black holes or magnetars, where 
protons are subject to extreme magnetic conditions (Schwinger, 1951; Glendenning, 2000). 

 
5.5 New Physics and Forces 
Beyond the Standard Model, new forces have been proposed that could potentially reorganize 
quark and gluon interactions within protons. 

 
Increasing the density of gluons inside the proton could lead to the rearrangement of internal 
voids, affecting its overall structure. Studies in quantum chromodynamics (QCD) suggest that 
gluon density can influence proton properties, leading to potential changes in size and internal 
dynamics (Greensite, 2011). 

 
If a new particle is discovered that can alter the forces within the proton, it could affect its 
internal structure. Hypothetical particles, such as axions or supersymmetric particles, might 
interact with quarks and gluons, potentially leading to changes in proton size or behavior 
(Kaplan & Nelson, 2006). 

 
5.6 Quantum Optical Manipulation 
Particles like protons can be influenced by optical techniques at the quantum level. Strong laser 
fields could increase the energy density inside protons, potentially causing short-term 
expansions in the voids within. High-intensity laser fields have been used to explore the 
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interactions between photons and hadrons, shedding light on possible modifications in their 
internal structure (Barton et al., 2019). 

 
Modeling protons in quantum fields could theoretically allow for the controlled manipulation of 
their internal voids. Quantum simulations offer a promising approach to understanding the 
behavior of protons under various conditions, including interactions with virtual particles or 
external fields (Kokail et al., 2021). 

 
While increasing the physical radius of a proton may not be feasible, changes in internal 
structures, such as the expansion of voids, could theoretically and experimentally be 
manipulated. This could provide deeper insights into the quantum structure of protons and open 
new avenues for understanding the fundamental forces of the universe. 

 
Conclusion 
The concept of enlarging a proton, while highly speculative, opens doors to new perspectives in 
physics, quantum computing, and futuristic technologies. From the unresolved Proton Charge 
Radius Puzzle to the exploration of manipulating protons for advanced data storage and 
interstellar communication, this study highlights both the scientific challenges and transformative 
potential of fundamental particle engineering. By examining theoretical frameworks and drawing 
inspiration from science fiction, we propose that quantum mechanics may hold the key to 
revolutionary advancements in understanding and harnessing the building blocks of matter. 
While practical implementation remains far beyond our current technological grasp, ongoing 
research in high-energy physics and quantum information theory may one day bridge the gap 
between science fiction and reality. Further experimental and theoretical work is necessary to 
determine whether such concepts could ever materialize within the realm of physics and 
engineering. 
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