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CMS Analysis Group (2025)
• 자연과학연구소 CMS analysis group  

• 이상훈교수 

• 책임연구원: 노연정, 이안 왓슨 

• 연구원: 허지원 

• 학생연구원: 고병학, 이윤재, 허우현, 최명훈, 조백선, 김우종, 김연주, 최효규, 권도훈
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CMS Experiment
• The Compact Muon Solenoid(CMS) 

is one of two large general-purpose 
detectors at the LHC. 

• The CMS consists of : Tracker, 
Electromagnetic Calorimeter 
(ECAL), Hadronic Calorimeter 
(HCAL), Muon system, and 
Superconducting Solenoid.  

• The trigger system operates in two 
stages: Level-1 Trigger (L1, ~100Hz) 
and High-Level Trigger (HLT, ~1kHz)
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CMS Muon System

• UOS members are highly involved 
GEM detector study.  

• 이상훈 GEM PM Deputy 

• 이안 제임스 왓슨 GEM DPG L2  

• 김슬기 GEM Production L2 

• 장우진 GEM DPG PPD L3  



Flavor-changing neutral current (FCNC) 

• At the Standard Model (SM), top quark FCNC branching ratios 
Br(t → ug) (respectively, Br(t → cg)) are of the order of 10^−14 
(10^−12).  

• However, FCNC interactions may enhance these branching 
ratios to up to 10^−4 in scenarios including physics Beyond the 
Standard Model (BSM). 

• The tq production resembles SM events, while the tg 
production is forbidden at the tree level in the SM. 

• The proportion of tg production is significantly higher than 
that of tq production, enabling us to distinguish tqg FCNC 
events from the SM.
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Flavor-changing neutral current (FCNC) 

• We identify tqg flavor‐changing neutral current 
interactions using machine learning techniques. 

• The Boosted Decision Tree (BDT) method set as a baseline 
classifier. 

• We compare with a transformer-based deep learning 
method known as the Self-Attention for Jet-parton 
Assignment (SaJa) network, which allows us to include 
information from all jets in the event, regardless of their 
number, eliminating the necessity to match the associated 
parton to the leading jet. 
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Flavor-changing neutral current (FCNC) 

• The SaJa network with qg-discrimination variables has the 
best performance. 

• Identification of tqg flavor‐changing neutral current 
interactions using machine learning techniques (JKPS, 2025.1)
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|Vts| measurement in ttbar

• The Cabibbo-Kobayashi-Maskawa (CKM) matrix component, |Vts|, is directly measured in the top pair 
production. 

• The main challenge is improving the discrimination performance between strange jets from top 
decays and other jets. 

• We develop novel jet discriminators, called DiSaJa, using a Transformer-based deep learning method. 
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|Vts| measurement in ttbar

• The DiSaJa-H model utilizes multidomain inputs (jets, 
leptons, and missing transverse momentum).  

• The DiSaJa-L is a novel model that combines low-level 
jet constituent analysis with event classification using 
multidomain inputs.  

• The model performance is evaluated by comparing 
various statistical test results to those from a 
Transformer-based jet classifier which considers only 
the individual jets. 
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|Vts| measurement in ttbar 

• The DiSaJa models have significant performance gains over the 
individual jet classifier. 

• This study show the potential of the measurement during Run 3 of the 
LHC and the High-Luminosity LHC. 

• Improving the direct determination of |𝑉𝑡𝑠| using deep learning (PRD, 
2025.9)
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Measurement of CP violation  in single top t-channel

• A violation of the charge-parity (CP) symmetry can explain 
the paradox of the baryon asymmetry of the universe. 

• A forward-backward asymmetry of an angular distribution 
defined in the top quark sector, which is strongly related to 
the CP violation. 

• The measurement is performed in the t-channel production 
of single top quark in proton-proton collisions, at center-of-
mass energy of 13 TeV. 
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Measurement of CP violation  in single top t-channel

• 고병학 박사 학위 (2025.8, Measurement of CP violation in 
single top t-channel production in pp collision at 13 TeV 
with the CMS detector) 

• CMS internal review for publication is on-going.  

• UOS members (노연정, 이안 왓슨, 이상훈) are  co-work with 
Sejong Univ. members (김현수, 고병학). 
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Supersymmetry in the VBF 0-lepton channel

• Supersymmetry (SUSY) is a compelling extension of the Standard Model of particle physics, 
postulating a symmetry between fermions and bosons to address key issues of the Standard 
Model such as the hierarchy problem and dark matter. 

• A search for SUSY in the vector boson fusion (VBF) 0-lepton channel using CMS data is presented. 

•  The VBF topology, characterized by two forward jets with large rapidity separation and minimal 
central hadronic activity, offers a distinctive environment to probe SUSY scenarios while 
suppressing Standard Model backgrounds.  

• The analysis targets events with no isolated leptons and significant missing transverse energy, 
consistent with the production of very soft lepton below measurement threshold and neutral 
SUSY particles escaping detection.
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Supersymmetry in the VBF 0-lepton channel

• The results are interpreted with constraints on superpartner masses and production cross 
sections of SUSY models. 

• The analysis places upper limits on SUSY production cross sections within simplified models.  

• Results demonstrate the effectiveness of VBF selections in enhancing sensitivity to 
electroweak SUSY production, especially in compressed spectra scenarios.  

• This complements existing searches focused on lepton-rich final states.
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Supersymmetry in the VBF 0-lepton channel

• 이윤재 박사 학위 (2025.8, Search for supersymmetry in the 
VBF 0-lepton channel at the CMS experiment and deep 
learning-based particle identification in the calorimeter) 

• 이윤재 박사 - 중앙대학교 박사후연구원 
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Muon Track Reconstruction for ME0

• As part of the CMS muon system upgrade for the HL-LHC, the ME0 detector, a new triple 
GEM station, is planned to be installed to extend muon coverage in the forward region. 

• Triple GEM detectors are known for their robustness in high radiation environments, 
making them well-suited for deployment in such regions.  

• However, the ME0 detector also presents challenges for segment reconstruction due to 
the high rate of pileup interactions, due to the inherently high pileup rates in the forward 
region where it is located.

16



Muon Track Reconstruction for ME0

• This study investigates two deep learning-based models for muon segment reconstruction in the ME0 
detector: a 3D convolutional neural network (ME0SegCNN3d) and a Transformer-based architecture 
(ME0Transformer).  

• The models are trained on simulated ME0 data and evaluated under HL-LHC conditions using hit- and 
segment-level metrics, and compared against a rule based baseline derived from the CSC road usage 
algorithm. 

• Both deep learning models substantially reduce the segment fake fraction compared to the baseline, 
which reaches 35.5%. The ME0SegCNN3d achieves a fake fraction of 3.4%, while the ME0Transformer 
achieves the lowest at 2.1%.  

• All models maintain comparable segment reconstruction efficien- cies above 99.2%, with the baseline 
at 99.38%, the CNN model at 99.30% and the Transformer model at 99.27%.
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Muon Track Reconstruction for ME0

• The results demonstrate the viability of deep learning 
approaches for muon reconstruction under realistic 
detector conditions. These findings motivate further 
research into flexible, data-driven alternatives to 
traditional reconstruction logic. 

• 김연주 석사 학위 (2025.8) Deep Learning-Based Muon 
Track Reconstruction for the ME0 Detector in High-
Luminosity LHC Environments
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Charge Asymmetry in ttbar production

• The valence quarks in protons have larger energy than other quarks. The charge asymmetry 
(CA) is expected in the top pair production at LHC. 

• The CA is suppressed by gg-> ttbar in LHC.  Very small amount of the asymmetry is measurable.
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Charge Asymmetry in ttbar production

• RUN2 and RUN3 studies are on-going. 

• RUN2 study : UOS members (노연정, 이안 왓슨) are  co-work with Sejong Univ. members 
(강예찬, 김현수) and UIC group.   

• RUN3 study: 권도훈, 노연정 
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CMS Analysis Achievements 2025

• 논문  

• Identification of tqg flavor‐changing neutral current interactions using machine learning techniques (JKPS, 2025.1) 

• Improving the direct determination of |𝑉𝑡𝑠| using deep learning (PRD, 2025.9) 

• 인력배출 

• 고병학 박사 (2025.8, Measurement of CP violation in single top t-channel production in pp collision at 13 TeV with the CMS detector)  

• 이윤재 박사 (2025.8, Search for supersymmetry in the VBF 0-lepton channel at the CMS experiment and deep learning-based 
particle identification in the calorimeter)  

• 김연주 석사 (2025.8, Deep Learning-Based Muon Track Reconstruction for the ME0 Detector in High-Luminosity LHC Environments) 
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CMS Analysis Achievements 2025

• 학회 발표  

• 고병학: 한국물리학회 (대전, 2025.4) Identification of tqg flavor‐changing neutral current interactions using machine learning techniques 

• 허우현: 한국물리학회 (대전, 2025.4) Enhancing the ME0 Level-1 Trigger in the CMS Experiment Using Machine Learning 

• 허지원: 한국물리학회 (대전, 2025.4) Background Rate Measurement of the GE1/1 Detector in the CMS Experiment 

• 김연주: LHCP (대만, 2025.6) Deep Learning Approaches to Muon Reconstruction in the ME0 Detector 

• 허지원: LHCP (대만, 2025.6) Background Rate of the GE1/1 Detector in the CMS Experiment 

• 김우종: 한국물리학회 (광주, 2025.10) Efficiency and Imaging Performance of a Boron-10 Coated Double-GEM Detector for Cold Neutrons 

• 허우현: 한국물리학회 (광주, 2025.10) Enhancing the ME0 Level-1 Trigger in the CMS Experiment Using Machine Learning 

• 허지원: 한국물리학회 (광주, 2025.10) Improving the Direct Determination of |Vts| using Deep Learnin
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CMS Analysis Achievements 2025
• 수상  

• 우수 발표상: 허지원, 한국물리학회 (대전, 2025.4) Background Rate Measurement of the GE1/1 Detector in the CMS Experiment 

• LHCP 2025 Poster Award: 허지원, LHCP (대만, 2025.6) Background Rate of the GE1/1 Detector in the CMS Experiment 

•
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