
*Type of presentation must be matched with an option you choosing on student upload system. 

**The abstract can be more than one page and must be approved by project advisor before upload. 

 

Undergraduate Research, Innovation and Cooperative Education Symposium, Academic Year 2024 

Faculty of Science, Chiang Mai University 

 

 

Title : Modelling Controlled-NOT Gate Based on Rubidium-87 Atom Quantum Bits 

 

Author(s) :  1. Harit Tunkim Student ID : 640510410 

  2.  Student ID :  

  3.  Student ID :  

      

Major :  Physics 

     

Advisor(s) :  1. Assistant Professor Dr. Waranont Anukool 

  2. Dr. Parinya Udommai 

  3.   

     

Type of presentation* (choose 1) :  Oral Presentation  (เฉพาะ ตวัแทนนศ.ที่สาขาเลือกให้นำเสนอแบบบรรยาย) 

     Poster  (กรณี นำเสนอผลงานปัญหาพิเศษ/การค้นคว้าอิสระ) 

     Cooperative Education  (กรณี นำเสนอผลงานสหกิจศึกษา) 

          

 

 ABSTRACT 
The quantum computer with the atom qubit platform harnesses atomic phenomena, such as the 

electronic state of atoms, atom-electromagnetic field interaction and atom-atom interaction. According to 

these phenomena, controllability over atomic states using laser fields is crucial in achieving quantum 

information processing, such as quantum gate operation. The objective is to study Rabi oscillation and 

Rydberg interaction, then utilize these knowledges to model the Controlled-NOT gate. The study starts by 

understanding the Rabi oscillation of the rubidium-87 atom modelled by quantum electrodynamics 

treatment. Then, Quantum Toolbox in Python (QuTiP), utilizing the Lindblad master equation, is used to 

help with the simulation. Next, the Rydberg interaction between two atoms is included, and then all these 

theoretical considerations are used to construct a simulation of the Controlled-NOT gate sequence. In this 

project, 0, 1 and Rydberg state are assigned for the 5S1/2 F=1, 2 and 97D5/2. There are four laser fields in this 
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system. Two of them are coupling between 0 and 1 state, and the other two coupling between qubit state 

and Rydberg state. Results from the simulation show the probability of atoms in each qubit state at the 

end of sequences and fidelity matrices. The minimum fidelity from the simulation are over 99% for both  

A-S CNOT and H-Cz CNOT gate sequences depending on the chosen Rydberg states. In conclusion, this 

study just builds a simulation for modeling the CNOT gate sequence, and the result will be used as a 

guideline for real experiments in the future. 

 


