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Who I AM …
• I am experimental particle physicist on hadron collider


• Since 2008, I have worked in CMS experiment


• Since 2019, I am strongly involving the Future Collider projects


• I have various experiences on the data analysis 


• 14 CMS papers as a primary author during last 5 years


• I have various experiences on the ML application on the data analysis


• But my technical knowledge is old-fashioned


• I am super beginner for quantum machine learning


• I have recently learned several examples using IBM qiskit


• Do NOT underestimate my poor knowledge/experience on the QML
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From my Ph.D. thesis (2008)



Particle Physics in the World
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Large Hadron Collider at CERN
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CERN Main site

CMS

ALICE

LHCb

ATLAS

Geneva lakeLHC:
- circumference: 27 km
- Center of mass energy

- 7, 8 TeV (2010-2012)
- 13 TeV (2015 - 2018)

- Designed luminosity: 
10E34 cm-2s-1



CMS Experiment
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CMS Collaboration



Unification of Forces: Z’
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๏ Flagship EXO search in dilepton channel: Z’ 
search


๏ Probe indirect search for DM: mediator to SM 
particles


๏ Also can test the lepton flavor universality 
between dielectron and dimuon channels

JHEP 07 (2021) 208 
JHEP 06 (2018) 120 
PLB 768 (2017) 57 
JHEP 04 (2015) 025

PLB 773 (2017) 563



Drell-Yan Process
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๏ Drell-Yan differential cross section measurements  
in dilepton channel


๏ Full Run2 data analysis is on-going: low-mass  
(scouting), high-mass (standard)

• With various multi-dimensional measurements

JHEP 02 (2015) 157

JHEP 12 (2019) 059 
EPJC 75 (2015) 147 
JHEP 12 (2013) 030 
JHEP 10 (2011) 007

JHEP 05 (2021) 182



Why Quantum Machine Learning?
• Technical problems due to lack of computing resources


• CPU, GPU, storage etc. 


• Few examples we face (with my concern)


• Large MC samples needed => detector simulation (GEANT4 based) 
takes a lot of time


• This problem will be much more serious in Future Collider projects


• Track (vertex) reconstruction in high pileup => can do better offline but 
challenging online (triggering)


• Optimization for wider categories => can speed up new observation


• QC technology is being grown fast! => just curiosity for new technology
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My near term interesting

My expertise

My long term interesting

No evidence yet for QML > ML, but worth while trying

About one year, I have prepared  
for this kind of study with  
undergraduate intern students 
: Qiskit, CMS open data



QC (QML) in HEP
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QML Examples in IBM Qiskit
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Topic to Start: H->mumu
• Benchmark study is available arxiv: 2012.11560
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JHEP 01 (2021) 148

Evidence for Higgs 
boson decay to a  
pair of muons



CMS Open Data
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Recipe is available



Near Term Goal on QML
• Be familiar to QML technique


• Accumulate the knowledge/experience on the QML


• Follow up the benchmark study using CMS open data for H->mumu search 


• Extend to other advanced topics afterward


• Searches in dilepton + X channels or tau channel


• QML vs ML


• Speed up data sampling, optimization, models 


• Use fewer data samples (benefits for rare decay and new physics search)


• Quantum generative model


• Essential to follow up the QML for our future 


• Detector design for Future Collider projects should consider the QML
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Summary & Plan
• Plan to learn QML and study the 

benchmark topic


• Research setup is (almost) ready: 
Qiskit, QML algorithm, CMS 
open data


• Need a help from QML or ML 
experts who are interested in this 
project


• Need to understand which kind of 
benefits will be available from QML 
for future collider projects
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