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Accelerating Quantum Enabled 

Technologies (AQET) NRT

• Course 1 (AU): Introduction to Quantum 

Information/Quantum Computing. Three different course 

options will be offered, given the different domain-specific 

backgrounds of the students and the types of different 

research problems.

• Course 2 (WI): Implementations in Quantum Information 

(CHEM 560). A project-based course that highlights the 

challenges in implementing quantum information systems. The 

course combines the different skills sets to implement and 

characterize quantum information processing performance on 

IBM quantum computers using the Qiskit platform. Topics 

include quantum tomography, entanglement witnesses, 

randomized benchmarking, and quantum control. This course 

will be offered in Winter quarter.

• Course 3 (SP): Advanced Topics in Quantum 

Information. The third phase of the program, encompasses a 

range of domain-specific courses in advanced topics. Many 

different courses can satisfy this requirement. 



Where are you? Intro to 
QISE for Chemists and 
Materials Scientists

• Introduction to the core concepts of 

quantum information science and 

engineering including mathematical 

and quantum mechanical 

foundations, qubits, coherence, 

entanglement, applications, and 

materials systems.



What is a Qubit?



What is a Qubit?



A Qubit is Probabilistic



The Bloch sphere



Bits to Qubits…It’s Exponential!



So What? The case of 1,3,7-

trimethylxanthine



Course outline

• Week 1: [Cossairt] What is Quantum Information Science and Engineering? 

• Week 2: [Pauzauskie] Applications and Challenges: Quantum sensing, Communication, Computing 

• Week 3: [Pauzauskie / Sutor Ch. 2-6 (5*)] Math Bootcamp: Imaginary Numbers and Linear algebra 

• Week 4: [Pauzauskie / N&C Ch. 2] Intro to Quantum mechanics 

• Week 5: [Cossairt / Sutor Ch. 7] One Qubit  

• Week 6: [Cossairt / Sutor Ch. 11 and N&C Ch. 8] What Does it Take to be a Qubit? The relationship between 

material properties and quantum memory/quantum coherence 

• Week 7: [Cossairt / Sutor Ch. 8-9] Entanglement and multi-qubit gates

• Week 8-11: [Cossairt & Pauzauskie]: Qubits and Material Systems

• Guest Lecture Stefan Stoll (UW Chemistry), Wednesday 11/16

• Guest Lecture Kai-Mei Fu (UW Physics), Wednesday 11/30

• Guest Lecture Arka Majumdar (UW ECE), Wednesday 12/7



Course logistics

• Canvas Site – https://canvas.uw.edu/courses/1604983

• Assessment – weekly reading quizzes (30%), self-graded homework 

(30%), my favorite qubit project (working in teams, 30%), 

participation and discussion (10%)

• Weeks 1 – 8ish: Monday, Wednesday = lecture; Friday = reading 

quiz, discussion, and problems

• Week 8ish – 11 = Monday = student presentations; Wednesday = 

Guest lecture; Friday = reading, discussion, and problems

https://canvas.uw.edu/courses/1604983


My favorite qubit team project and 

presentation
Options:

• superconducting qubits

• trapped atoms/ions

• spin qubits

• classic solid state/epitaxial qubits

• designer defects (diamond, silicon, etc.)

• molecular qubits

• optical (single photon) qubits

• topological qubits

• Teams of 2-3

• Write 1 question and provide 

answer for PS 4 (w/ PS 2)

• Infographic (w/ PS 3)

• 20-minute presentation + Q&A 

(Weeks 8-11)

• History, current status, research 

and implementation challenges, 

prospects

Canvas qubit references: https://canvas.uw.edu/courses/1604983/files/folder/Reading%20Materials/Qubits

https://canvas.uw.edu/courses/1604983/files/folder/Reading%20Materials/Qubits




Week 1 Reading

• Sutor Chapter 1

• N&C Chapter 1

• National Strategic Overview for Quantum Information Science 

(September 2018)

• https://www.quantum.gov/wp-

content/uploads/2020/10/2018_NSTC_National_Strategic_Overview_QIS

.pdf

• NSF QISE Research Page

• https://www.nsf.gov/mps/quantum/quantum_research_at_nsf.jsp

https://www.quantum.gov/wp-content/uploads/2020/10/2018_NSTC_National_Strategic_Overview_QIS.pdf
https://www.quantum.gov/wp-content/uploads/2020/10/2018_NSTC_National_Strategic_Overview_QIS.pdf
https://www.quantum.gov/wp-content/uploads/2020/10/2018_NSTC_National_Strategic_Overview_QIS.pdf
https://www.nsf.gov/mps/quantum/quantum_research_at_nsf.jsp




https://www.science.org/doi/10.1126/science.354.6316.1090

https://thequantuminsider.c
om/2022/09/05/quantum-
computing-companies-
ultimate-list-for-2022/

Photonic Quantum 
Computing: 
https://thequantuminsider.c
om/2022/03/24/6-
quantum-computing-
companies-working-with-
photonic-technology/

https://www.science.org/doi/10.1126/science.354.6316.1090
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https://thequantuminsider.com/2022/03/24/6-quantum-computing-companies-working-with-photonic-technology/
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Reading quiz, discussion, 
and A Brief Primer on 
QUBIT Platforms

Prof. Brandi 
Cossairt

9/30/2022

https://canvas.uw.edu/courses/1604983

https://canvas.uw.edu/courses/1604983


CHEM/MSE 561 Learning Contract
In CHEM/MSE 561 we seek to build community, share knowledge, and create a foundation of support. 

We will work together to support and learn from our peers. We commit to:

• Be prepared and engaged - come to class having reviewed and reflected on the reading. Actively 

contribute to the discussions and engage with guest speakers.

• Ask for help - from each other and the larger UW QISE community - we do not expect to be the 

source of all information. We will proactively help students find the resources they need.

• Accessibility - accommodate students’ needs and ensure format of class is given in a way that 

caters to all learning types, recognizing that we all come from different backgrounds.

• Be patient - Grappling with the topics in this course can be challenging. Remember to give one 

another the space and time to think and reflect. Silence is OK.



National Strategic Overview for Quantum Information 
Science

• Quantum-smart workforce

• Noisy intermediate scale quantum technology

• Quantum essential supporting technologies: cryogenics, photonics, low-
noise microwave amplifiers, nanofabrication

• Areas of QIS are limited by unavailability of specialized materials and 
advanced characterization and fabrication technologies

• QIS motivators: military capability, economic productivity, international 
competitiveness



Qubit Platforms

• superconducting qubits

• trapped ions; neutral atoms

• spin qubits
• classic solid state/epitaxial qubits

• designer defects (diamond, silicon, etc.)

• molecular qubits

• optical (single photon) qubits 

• topological qubits





Superconducting Qubits



Trapped Ions

Longevity

Logic success rate

Number entangled

Company support

Pros

Cons



Spin Qubits

Longevity

Logic success rate

Number entangled

Company support

Pros

Cons



Photonic Qubits



Topological Qubits

Longevity

Logic success rate

Number entangled

Company support

Pros

Cons
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