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H→µµ @LHC
• The search of H→µµ is very crucial after the Higgs discovery
• Is the BEH mechanism also responsible for 2nd-generation (1st

outside LHC reach) fermion masses?

• H→µµ provides the best opportunity for probing the Higgs 
coulping to 2nd-generation fermions

• Rare decay: BR(SM H→µµ) = (2.17±0.04)⨉10-4

• Dominant background in inclusive spectrum: Drell-Yan
• Typical S/B at 0.1% level

• In this talk, presenting H→µµ search using full run-2 data 
(139 fb-1) with the ATLAS detector (arXiv:2007.07830)

https://arxiv.org/abs/2007.07830
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Event selection & categorization
arXiv:2007.07830

Inclusive dimuon events

ttH channel
≥1 b-jets
≥1 extra lepton

VH channel
0 b-jets
≥1 extra lepton

VBF+ggF channel
Rest events

Signal signatures: two isolated 
muons with opposite charges
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Categorization for VBF/ggF arXiv:2007.07830

VBF categories

VBF+ggF channel
Rest events

H

g

g

VBF BDT
≥2-jet

≥2-jet ggF categories

Higgs BDT
Higgs BDT

1-jet ggF categories

0-jet ggF categories

Higgs BDT



Jay C
han (W

isconsin)                                                                               H
iggs2020 October 27, 2020 Jay Chan (Wisconsin) 5

• 20 categories in total
• Different Higgs production 
modes are well separated

•Wide range of S/B from 
0.1% to 20%

• ~450k events in data
• ~850 signal events expected 
(ε~52%)

arXiv:2007.07830

Categorization summary



Jay C
han (W

isconsin)                                                                               H
iggs2020 October 27, 2020 Jay Chan (Wisconsin) 6

Signal and background modeling

• Signal: A double-sided Crystal Ball function (Gaussian +       
power-law tails)
• Background: (Core) X (Emperical)

• Core function: LO DY line-shape convolved with muon resolution 
(gaussian)

• Empirical function: Power-law or Epoly functions with free 
parameters (different in each category)

• Functions selected based on spurious signal procedure using 
high-stat simulation
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Results and summary

Inclusive

• Fitted signal strength: 1.2±0.6 
(limited by data statistics: ±0.58)
•Observed (expected) significance: 
2.0σ (1.7σ)
•Observed upper limit: 2.2 X SM
• Sensitivity improved by 2.5 (25%
from better techniques) wrt
previous analysis (arXiv:1705.04582)
• Looking forward to the future 
results! (CERN press release)

arXiv:2007.07830

Thank you!

https://arxiv.org/abs/1705.04582
https://home.cern/news/press-release/physics/cern-experiments-announce-first-indications-rare-higgs-boson-process
https://home.cern/news/press-release/physics/cern-experiments-announce-first-indications-rare-higgs-boson-process
https://home.cern/news/press-release/physics/cern-experiments-announce-first-indications-rare-higgs-boson-process
https://home.cern/news/press-release/physics/cern-experiments-announce-first-indications-rare-higgs-boson-process
https://home.cern/news/press-release/physics/cern-experiments-announce-first-indications-rare-higgs-boson-process
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Progress
• Previous ATLAS limits with 36 fb-1 of 13 TeV pp collisions:   
σ*BR < 3.0xSM (Phys. Rev. Lett. 119 (2017) 051802)

• New result with full Run2 data (139 fb-1) released in ICHEP 2020. 
(arXiv:2007.07830)
• 3.8 times more data, as well as refined analysis techniques:
• Better object definition
• Optimized BDT-based event categorization
• Improved background modeling

• Sensitivity improved by ~2.5 (~2 from higher statistics, ~0.25 
from optimization)

https://link.aps.org/doi/10.1103/PhysRevLett.119.051802
https://arxiv.org/abs/2007.07830
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1-jet

1-jet Higgs
classifier

1-jet
Med

Events

≥2-jet

VBF 
classifier

VBF
Low

ggF/VBF
Inclusive

0-jet

0-jet Higgs 
classifier

0-jet 
Med
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BDT categorization for ggF/VBF categories

≥2-jet Higgs 
classifier

1-jet
Low

1-jet
High

0-jet 
High

0-jet 
Low

VBF
Med VBF

Very
Low

2-jet
Low

2-jet
Very
Low

2-jet
Med

• Training signal:              
VBF+ggF (Higgs classifiers)             
VBF (VBF classifier)

• Training background:                 
Full-sim SM background

VBF
High

2-jet
High

0-jet 
Very
Low

1-jet
Very
Low

In total 16 ggF+VBF categories (was 12)
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BDT training variables for ggF/VBF classifiers

• 0-jet: pT(μμ), ημμ, 𝒄𝒐𝒔𝜽∗

• 1-jet: (0-jet) + pT(j1), ηj1, ΔΦj1, μμ, 𝑵𝐭𝐫𝐚𝐜𝐤
𝒋𝟏

• 2-jet and VBF classifier: (1-jet) + pT(j2), ηj2, ΔΦj2, μμ, pT(jj), ηjj,  ΔΦjj, μμ, mjj, MET, 
HT, 𝑵𝐭𝐫𝐚𝐜𝐤

𝒋𝟐
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Ntrack variables are sentive for 
quark/gluon separation
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BDT categorization for VH categories
• Training variables:

• 3-lep: ΔΦMET, H, pT(l1), mT(MET, l1), 
ΔΦl1, H, Δηl1, H, MET, pT(j1), nj

• 4-lep: pT(j1), pT(j2), nj, ΔΦl1, l2, 
ΔΦZ, H, ΔηZ, H, mZ

3 Lep inclusive 4 Lep inclusive

VH-3lep-High VH-3lep-Low VH-4lep-High

BDT > 0.12BDT > 0.70.1 < BDT < 0.7
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BDT categorization for ttH categories
• Training variables:
• pT(μμ), pT(l3), pT(l4), mleptonic W, 𝑐𝑜𝑠 𝜃∗, Ncentral jet, subleading mμμ, 

mleptonic top, m(l3, l4), HT, mhadronic top, Nbjet

Before BDT cut

BDT > 0.35

ttH
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Yields in each category


