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1. Introduction

President Donald J. Trump proposed for the National 

Quantum Computing Initiative Act in the United Sates 

[1]. The quantum mechanics is applied to our lives from 

the invisible subatomic world to the information and 

knowledge in the real-life of humans where the 

theoretical implications could be the consequences as the 

communications and simulations purposing job creations 

and industrial promotions. The abundant goals in the 

quantum regions would be manipulated including the 

tiny nuclei which can be informed by the quantum 

computation. The basic feature is in Fig. 1 in which the 

interest of quantum is extended to the level of the Quark. 

Until the initiative, there are quantum applications as 

semiconductor manufacturing, photonics, global 

positioning systems, magnetic resonances, and more 

areas to our society. This act could give the potential 

future with aggressively and beneficially to our lives. 

Quantum computing is based on the quantum 

computer which has the abilities of faster calculations as 

well as the encryptions [2]. There are two characteristics 

of the quantum computing as superposition and 

entanglement in the quantum manipulations. Fig. 2 

shows the description of quantum computing. The 

superposition is described by the Qubit which is 

positioned 0 or 1 quantum state. The conventional bit 

exists only as 0 or 1 state individually. By the way, the 

Qubit could be in simultaneously as well as separately. 

The entanglement can be expressed by the quantum spin 

which is one of particular quantum numbers. The 

quantum state in superposition produces a new kind of 

quantum state where the Qubits can be in a superposition 

of both the basis states ∣0⟩ and ∣1⟩ and then n Qubits 

could give the 2nd states. Otherwise, a pair or group of 

particles can be entangled when the quantum states of 

each particle give the different quantum states in 

dependent situation [3]. 

In the applications, there are academic studies on the 

nuclear industry where an efficient fuel arrangement 

with the quantum annealing, a Qubit based computing, 

reactor reload matters, and the nuclear security by 

quantum cryptography have been investigated in Fig. 3 

[4-7].  

2. Methods

Table 1 is the list of selected physical implementations 

in quantum [8] where there is quantum information as the 

spin, charge, or polarization with the quantum 

descriptions. For the graphical feature, Fig. 4 shows the 

Bloch sphere for Qubit [8] in which the quantum 

numbers are described by the Bloch sphere. The states 

are described by the spin of the quantum which could be 

applicable to the designed purposes such as information 

transfer. In the particular characteristics of quantum 

mechanics, the meaning of quantum entanglement is one 

who has already observed one quantum state, then the 

observer can observe the other, which is described in Fig. 

5. Schrödinger’s cat experiment shows it is impossible to

know the cat’s death by poison leaked out of the bottle 

that could be broken by the radioactive timer [9]. 

In this work, the nuclear waste repository is modelled 

for the application entanglement in the quantum 

computing. Fig. 6 shows the configuration of high-level 

nuclear waste repository. For description of the quantum 

computing applications, Fig. 7 is the transportations of 

quantum entanglement in the repository site. The 

proposed ‘Quantum Separation Transmitter’ can produce 

a sampled quantum which is decayed following the time 

based decay chain from the uranium of the high-level 

nuclear fuel waste. The decayed quantum is emitted to 

another proposed ‘Quantum Separation Receiver’ in out 

side of the repository. There is the basic principle of the 

entanglement of quantum computing. For the 

mathematical form, the linear notion of a single Qubit is 

[8], 

∣ 𝜓⟩ =  𝛼 ∣ 0⟩ + 𝛽 ∣ 1⟩    (1) 

There is the constraint as, 

 |𝛼|2 + |𝛽|2 = 1      (2) 

There are the presentations of Bloch sphere in Fig. 4 [10]. 

There are the descriptions of quantum entanglement. 

Two entanglement qubits in the ∣ Φ+⟩ Bell state as,

1

√2
( ∣ 00⟩  + ∣ 11⟩ )    (3) 

So, the basis states are as, 

∣ 00 ⟩  ↦ ∣ 00 ⟩  (4) 

∣ 01 ⟩  ↦ ∣ 01 ⟩  (5) 

∣ 10 ⟩  ↦ ∣ 11 ⟩  (6) 

∣ 11 ⟩  ↦ ∣ 10 ⟩  (7) 



The spins are shown [8] in Table 2 which is the list 

of selected physical implementations in quantum [11]. 

Table 3 is the list of the quantum states [12]. In the 

normal state, most molecules are in a singlet state. Fig. 8 

is the proposed mapping of the quantum entanglement 

system in nuclear waste repository. Outside of the 

repository, ‘Central Quantum Entangle Receiver System 

(CQERS)’ would be constructed, which is in Fig. 9. This 

is the principle of the nuclear magnetic resonance 

imaging (MRI) system where the electromagnet and coil 

system can produce the high frequency wave and then 

the spin could be arranged linearly. So, the direction of 

spin of each proton is formed after disconnecting of the 

high frequency wave. Then, one can find the atomic 

number of inside atom of repository. Fig. 10 has the 

simplified decay chain of the uranium nuclear waste 

form where the uranium is the initial atom of 92 protons 

in the decay chain [13]. 

3. Results

The simulations are done by the ‘Quantum Separation 

Transmitter’ where the protons in fermion are 

transmitted as the singlet spin. Then the atomic states of 

the transmitted are found. Fig. 11 shows the proton 

numbers in the interested region where the 92 is in the 

initial time during 1000 years. Then the singlet state in 

the CQERS is in the initial state. As time goes on, the 

graph would be changed to lower proton numbered atom. 

4. Conclusions

The ∣ Φ+⟩ Bell state forms part of the setup of the

superdense coding, quantum teleportation, and entangled 

quantum cryptography algorithms [8]. Following the 

application of the high-level nuclear wastes, the quantum 

computing usages could be extended in the nuclear 

industry. Furthermore, the reactor analysis in the aspect 

of the complex calculations of the neutron 

transportations can be applied using quantum computing 

as the aspect of the quantum characteristics. In addition, 

it is imaginable to change the concept of conventional 

cross section, the basic and most important factor in the 

nuclear science and technology, is from the probability 

to spin’s erections, which is in Fig. 12. 

It is needed to develop the CQERS with ‘Quantum 

Separation Transmitter’. Although the CQERS is similar 

to the conventional MRI theory, the ‘Quantum 

Separation Transmitter’ should be developed for the very 

long term operation, that is needed inside of the 

repository. This could be applicable to the other kind of 

industrial apparition for the geological feature in the deep 

position below ground to find out the integrity of the 

seismic state. In addition, the neutron and nuclear fuel 

state in the operating reactor could be detected in the 

real-time. There could be imaginable for much more 

applications in the entanglement as well as superposing 

of quantum computing. Fig. 13 shows the possible future 

of the nuclear science and technology by quantum 

computing. 

Acknowledgements 

This study was supported by the National Research 

Foundation of Korea (NRF) grant funded by the Korea 

Ministry of Science and ICT (NRF2020M2B5A1110908 

11). 

REFERENCES 

[1] NCTS, 2018. National Strategic Overview for 

Quantum Information Science, National Science 

and Technology Council (NCTS, Washington DC, 

USA, <https://www.whitehouse.gov/wp-

content/uploads/2018/09/National-Strategic-

Overview-for-Quantum-Information-Science.pdf> 

[2] Emily Grumbling and Mark Horowitz, 2018. 

Quantum Computing: Progress and Prospects, The 

National Academies of Sciences, Engineering, and 

Medicine, National Academies Press, Washington, 

DC. 

[3] Quantum Inspire., 2020. superposition and 

entanglement, Delft, The Netherlands. 

[4] Alexander Ratcliffe, 2020. Quantum Computing 

Has Far Greater Promise Than Just Nuclear 

Security. Australian Institute of International 

Affairs, Australia. 

[5] Andressa dos Santos Nicolau, Roberto Schirru, Alan 

Miranda Monteiro de Lima, 2012. Nuclear reactor 

reload using Quantum Inspired Algorithm. Progress 

in Nuclear Energy, 55, 40-48. 

[6] Andy Whyte, Geoff Parks, 2020. QUANTUM 

ANNEALING OPTIMIZATION OF A 

HEURISTIC SURROGATE MODEL FOR PWR 

FUEL LOADING. PHYSOR 2020: Transition to a 

Scalable Nuclear Future Cambridge, United 

Kingdom, March 29th-April 2nd, 2020. 

[7] Philippe Duluc, Paul da Cruz, 2018. The quantum 

computer, a promise for the future for the nuclear 

industry. Atos, Bezons cedex, France. 

[8] Wikipedia, 2020a. Qubit, Wikipedia, Wikimedia 

Foundation, Inc., < 

https://en.wikipedia.org/wiki/Qubit>. 

[9] Wikipedia, 2020b. Schrödinger's cat, Wikipedia, 

Wikimedia Foundation, Inc., < 
https://en.wikipedia.org/wiki/Schr%C3%B6dinger%

27s_cat>. 

[10] Wikipedia, 2020c. Bloch sphere, Wikipedia, 

Wikimedia Foundation, Inc., 

<https://en.wikipedia.org/wiki/Bloch_sphere>. 

[11] Wikipedia, 2020d. Fermion, Wikipedia, 

Wikimedia Foundation, Inc., 

<https://en.wikipedia.org/wiki/Fermion>. 

[12] Wikipedia, 2020. Singlet state, Wikipedia, 

Wikimedia Foundation, Inc., <  

https://en.wikipedia.org/wiki/Singlet_state>. 

Transactions of the Korean Nuclear Society Virtual Autumn Meeting
December 17-18

https://en.wikipedia.org/wiki/Qubit
https://en.wikipedia.org/wiki/Schr%C3%B6dinger%27s_cat
https://en.wikipedia.org/wiki/Schr%C3%B6dinger%27s_cat
https://en.wikipedia.org/wiki/Bloch_sphere
https://en.wikipedia.org/wiki/Fermion
https://en.wikipedia.org/wiki/Singlet_state


[13] Lindberg, J., 2016. The Wasting of Nuclear Waste- 

Challenging the Status Quo. Glasgow Insight into 

Science and Technology, UK,  

<https://the-gist.org/2016/08/the-wasting-of-

nuclear-waste-challenging-the-status-quo/>. 

Fig. 1. Feature of quantum. 

Fig. 2. Description of quantum computing. 

Fig. 3. Quantum computing in nuclear industry. 

Fig. 4. Bloch sphere for Qubit [9]. 

Fig. 5. The meaning of quantum entanglement. 

Fig. 6. Configuration of high-level nuclear waste 

repository. 
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Fig. 7. Transportations of quantum entanglement in the 

repository site. 

Fig. 8. Proposed mapping of the quantum entanglement 

system in nuclear waste repository. 

Fig. 9. Proposed Central Quantum Entangle Receiver 

System (CQERS). 

Fig. 10. Simplified decay chain of the uranium nuclear 

waste form [11]. 

Fig. 11. Proton numbers in a region. 

Fig. 12. Conceptual changing of cross section. 

Fig. 13. Future of the nuclear science and technology by 

the quantum computing. 

Table I: List of selected physical implementations in 

quantum [8] 

Table II: List of spins in quantum [11] 

Table III: List of the quantum states [12] 
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