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Introduction



Motivation
• Standard Model

o Higgs coupling strength to vector bosons & 
fermions ∝ particle mass

o Reduced coupling strength modifiers (in Fig)

𝑦𝑉 = 𝜅𝑉 𝑚𝑉/𝜈

𝑦𝐹 = 𝜅𝐹 𝑚𝐹/𝜈

•𝐻 → 𝜇𝜇 channel
o The most sensitive channel where Higgs couplings 

to the 2nd generation fermions can be measured 
at the LHC

o Status Run2: 2𝜎 @ ATLAS; 3𝜎 @ CMS

o Run3: data taking undergoing
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Analysis Overview
• Signature

o Two opposite-charged muons

• Signal
o Main production modes: ggF, VBF

• Irreducible background
o Drell-Yan (DY) process: 𝑍 → 𝜇𝜇 (Dominant)

o Diboson and top processes

o Signal-background ratio ~ 0.2%, Run2 expected signal 
events: 868
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Run2 result



ATLAS Detector
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Inner Detector (ID)
Tracking, vertexing, dE/dx, 𝑒/𝜋 ID
➢ Si pixels, Si strips, TRT

Muon Spectrometer (MS)
Trigger & meas. of 𝜇
➢ RPC + MDT (barrel region)
➢ CSC + TGC+MDT (endcap region)

EM/Hadron Calorimeters 
Trigger and meas. of 𝑒/𝛾 and jet/Emiss
➢ Pb-Lar accordion
➢ Fe/scintillator, Cu/W-Lar

𝑦

𝑧

𝑥
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Event Selection
• Muon reconstruction

1. Combined (ID + MS)

2. Segment-Tagged (ID → MS)

3. Calorimeter-Tagged (ID → Cal)

4. Standalone (MS)

• Pre-selection
o b-jet veto at 60% Working Point

➢ To suppress top background

• Selection criteria
o 𝜂 < 2.7

o Leading muon 𝑝𝑇 > 27 GeV

o Sub-Leading muon 𝑝𝑇 > 15 GeV

➢ To ensure high muon trigger efficiency

o Dimuon mass range [110,160] GeV
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Validation plot: muons reconstructed properly



BDT Categorization
• Motivation

o Exploit Multi-Variable kinematics features for 
signal & background

o Improve total sensitivity

• MVA Tool: XGBoost package

• Workflow for ggF + VBF BDT
1. Divide events into 3 jet bins (0,1,≥2)

2. In each bin, train BDT model with MC signal 
against background in SR:[120,130] GeV

3. In ≥2 jet bin, further train VBF signal against 
other processes: VBF is cleanest

4. Optimize BDT score boundaries

• Other minor processes: VH,𝑡 ҧ𝑡𝐻
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𝑁𝑗 = 0



BDT Categorization
• Avoid overfitting: 4-fold training

o Each 1/4 from event index%4

o Test set not used in training

o Trained model applied to test set

o Combine 4 test sets for final evaluation

• BDT score boundaries (ggF+VBF)
o In each jet bin, divide events into 4 bins with 

score Very-High, High, Medium, Low

o With descending s/b ratio

o Optimize boundaries to maximize overall 
number-counting significance

𝑍𝑖 = 2 𝑠𝑖 + 𝑏𝑖 log
𝑠𝑖 + 𝑏𝑖
𝑏𝑖

− 𝑠𝑖

o Background is estimated by data sideband to 
avoid MC mis-modelling
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Signal & Background Modelling
• In each BDT category

• Signal: Double-Sided Crystal 
Ball (CB2) parameterization

o Gaussian core + exponential tail

• Background: core function and 
empirical function

o DY analytical line-shape

𝐷𝑌𝐿𝑆 𝑚𝜇𝜇 =෍

𝑞

𝐿𝑞𝑞 ⋅ 𝜎𝑞𝑞 ⋅ 𝑚𝜇𝜇 , 𝑞 = 𝑢, 𝑠, 𝑑

o Power & Epoly functions fit and  
determined by data, to model 
remaining difference between the 
spectrum and core function
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Results
• Statistical method:

o Simultaneous binned maximum-likelihood fit to
the 𝑚𝜇𝜇 distributions of the 20 categories in the 
range 110-160 GeV.

• Signal strength:
o Observed signal yield / SM expected

o 𝜇 = 1.2 ± 0.6

o Correspond to 2.0𝜎 (observed), 1.7𝜎 (expected)

• Discussion
o Uncertainty: statistical error dominant

o 𝜇 = 1.2 ± 0.58 stat −0.13
+0.18 (syst)

o Compatibility check: float 𝜇 in each category
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CB2 Gaussian width𝜇 × 𝑆𝑆𝑀



Systematics
• Theoretical

o Missing higher-order QCD corrections

o PDF and hadronization

o QCD scale

o ……

• Experimental
o Spurious signals

o Luminosity uncertainty: 1.7%
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Summary
• Detailed search for 𝐻 → 𝜇𝜇 on ATLAS is presented

• Events selected, classified into 20 BDT bins, then fitted

• Current result is statistical dominated, 2.0𝜎 significance

• Prospect: HL-LHC!
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ATLAS Phase I 
upgrade

ATLAS Phase II 
upgrade
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Backup 
• All processes
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Backup 
• CMS result
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Backup 
• ROC curves: zero jet
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Backup 
• Core + empirical
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Backup 
• cutflow
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