
Short Summary



Thank you all for joining the workshop and discussion! 

19 excellent talks covering a wide range of topics including

‣ quantum computing/sensor technologies and recent developments

‣ applications to particle physics, astrophysics, material science, photon science, ..

‣ future prospects in quantum technologies

workshop timetable:  world-wide workshop
9th

Ø US-Friendly time (8:30-11:10 JST)
Quantum sensor/computer developments and physics applications: 1¶
Quantum sensor/computer developments and physics applications: 2¶

Ø Europe-Friendly time (16:00-19:00 JST)
Quantum computer/sensor developments and physics applications: 1¶
Quantum computer/sensor developments and physics applications: 2¶

Ø US-Friendly time (8:00-11:00 JST)
Quantum computer/sensor applications for physics: 1¶
Quantum computer/sensor applications for physics: 2¶

Ø Europe-Friendly time (16:00-19:10 JST)
Quantum computer applications for physics: 3¶
Quantum-computer applications for physics: 4¶

10th

Short Agenda
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Implementation
• Dataset: simplified TrackML dataset, focus on  barrel, 1+ GeV, at least 5 hits

• Toy dataset, but representative of expected conditions at the HL-LHC

• QUBO solvers: qbsolv (D-Wave + simulation), neal (classical)

• D-Wave 2X (1152 qubits), D-Wave 2000Q (2048 qubits) 

17

ƖŲƭĞŦƭŃóś�
ėŲƵďśĞƭơ

ĶŃśƭĞƙ�ėŲƵďśĞƭơ

ĐƙĞóƭĞ�ƭƙŃƖśĞƭơ

ĐƙĞóƭĞ�ƘƵóėƙƵƖśĞƭơ

ďƵŃśė�¨Å �

ơŲśǍĞ�
¨Å �

ŘĞƖƭ�ƭƙŃƖśĞƭơ

ėŲƵďśĞƭơ

ƭƙóĐŘơ

ƖƙĞĐŃơŃŲŦ

ƙĞĐóśś

ƭƙóĐŘŤś�
ơĐŲƙĞ

ĶŃŦóś�ėŲƵďśĞƭơ
ĶŲƙŤŃŦķ�ƭƙóĐŘ�ĐóŦėŃėóƭĞơ

ŤŲėĞś�ďƵŃśėŃŦķ ơŲśǍŃŦķ ƖŲơƭƖƙŲĐĞơơŃŦķ ơĐŲƙŃŦķ

ƘďơŲśǍ

arXiv:1902.08324

Implementation & Preliminary Results 24

Slide Credit: A. Yadav Chen et al, arXiv:1908.07943

Local Maxima Detection 
using Grover-Long 
Algorithm

vote counts

Accumulator 
Space for 8 

tracks

Preliminary implementation within QISKit

Testing within a quantum simulator

Heather Gray (UC Berkeley/LBNL)
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(DESY/ RWTH Aachen University)

Michael Doser (CERN)



Main research thrusts
4

Quantum machine learning
• HEP data analysis 
• Quantum data learning

Combinatorial optimization
• Charged particle tracking

Particle physics simulation
• HEP event generator 
• Dynamics simulation

Understanding variational circuits

Circuit optimization

Efficient classical data encoding

Exploring NISQ applications

Yutaro Iiyama 

(ICEPP, U. of Tokyo)



Extreme Universe of spacetime and matter from quantum information 
Tadashi Takayanagi (Kyoto U.)  
 
Quantum simulation and theory for high-energy physics at CERN 
Dorota Maria Grabowska (CERN)  
 
Quantum machine learning and algorithm development 
Kousuke Mitarai (Osaka University)  

Quantum computing applications to high-energy physics at CERN

Sofia Vallecorsa (CERN)  
 
Quantum computing developments and future prospects at IBM

Tamiya Onodera (IBM Research, Tokyo)



Next Steps…

Propose to continue this workshop in a regular basis (e.g, annually)

‣ Focused workshops/meetings on selected topics (e.g, hardware, 

applications, algorithms) can be foreseen

‣ Appreciated if you have any suggestion for future planning

‣ Stay in touch for continuing discussion and future collaboration!!


