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➢Fast developing studies recent ≈10 years 
▪ pushed by new data from LHC and active competition 

➢Unique opportunities to learn analysis techniques 



Motivation
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arXiv:1909.02845

➢ Process offers the best possibility to 
measure the Higgs boson coupling to the 
second-generation fermions at the LHC. 

➢ Any deviation from the SM prediction 
could be a sign of new physics.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-57/


Challenges and previous results  
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Previous result: ICHEP2018, early Run 2 data: 
✓Expected significance: 0.95 σ 
✓Signal strength: µ=0.22±1.05  
(µ=1.00±1.00 expected) 
✓95% CL limits:  µ<2.23  
(µ<2.07 expected for µ=0) 

➢ Very small B(H->µ-µ+) = 2.2×10-4 and large 
background rate from Drell-Yan - Z/γ->µ-µ+ 

➢ Inclusive S/B is ~0.1%: very challenging 
analysis

arXiv:1610.07922

ATLAS-CONF-2018-026

https://arxiv.org/abs/1610.07922
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-026/


Analysis strategy
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➢ Loose di-muon selection to maximize 
efficiency 

➢ Veto events with b-tagged jets to reject tt 
background 

➢ Multivariate categorization to maximize 
sensitivity (NEW - classification for 
different jet multiplicities) 

➢ Signal extraction from fit to mµµ(γ) invariant 
mass in data (narrow resonance) 

➢ Recover up to one FSR photon candidate to 
improve mass reconstruction (NEW) 

ATLAS-CONF-2019-028

3% RMS improvement 
for all ggF events

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-028/


Events selection
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loose quality 
and isolation

Loosest unprescaled single muon triggers

Allows to constrain the backgrounds at the same time as extracting the signal.



Events categorization
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➢ Target Higgs production via ggF and VBF in 
exclusive jet selections with  ≥2/= 1/= 0 jets 

➢ Production-driven BDT categorization for 
separate jet-topology channels to maximize 
sensitivity (XGBoost BDT trained with signal 
MC vs. side-band data) Unique signature

See backup for more details



Events categorization
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➢ Higgs classifier target ggF+VBF: di-muon variables and jet kinematics where available 
➢ VBF classifier target VBF for 2 jets 
➢ Optimize category boundaries to maximize expected significance

ggF1

VBF1

ggF1
ggF3

VBF3
VBF2

ggF1 ggF2 ggF3

See backup for more details



Events categorization summary
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S/B in range: 0.08%-12%

Signal composition

Background composition



Background model
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Background model was developed with high-stat. dedicated fast Drell-Yan 
simulation (~100 ab-1) 
  Background PDF = DY×Empirical function

Empirical Function

LO Drell-Yan Core function  
✓NLO Powheg (0/1 jet) and LO Alpgen (2 jet). 
✓without free parameters - same in each 
category. 

Empirical function  
✓power-law or exponential of polynomial with 
parameters constrained by data in simultaneous 
fit - different in each category. 

See backup for more details



Signal model
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➢ Signal is predicted to be a narrow resonance with a width of 4.1 MeV for mH = 125.09. 
➢ Signal model fitted in each category to signal MC (double-sided Crystal Ball function) 
➢ Individual simultaneous S + B fit in all 12 categories



Signal and background yields 
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Signal Strength
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Compatibility of the measured signal strengths between the 12 categories is at the level of 33%

Uncertainties on µ: 
➢data statistics:  0.7  - dominant 
➢Theory signal systematics: 0.08 
➢Experimental signal systematics: 0.07 
➢Background modelling:  0.06



Prospects HL LHC 
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✓ The H→µµ signal from ggF and VBF is 
e x p e c t e d t o b e o b s e r v e d w i t h a 
significance of more than 9σ. 

✓ The uncertainty on the Higgs production 
cross section times the branching ratio to 
dimuons is expected to be around 13%.

 resolution of the core function



Summary
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❑ Significance: 0.8σ (1.5σ) obs. (exp.) 
❑ 50% improvement in sensitivity 

over 80 fb-1 result 
❑ Signal strength:  µ= 0.5 ±0.7 
❑ Upper limit: BR(H->µ-µ+) < 1.7×σSM 

(for expected <1.3×σSM)

Stay tuned for future  
H->µ-µ+ results!

The end, thank you.
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Backup



Training variables
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➢ 0-jet: pTµµ, Yµµ, |cos(θ*)| 
➢ 1-jet: 0-jet variables + pTj1, ηj1, Δφj1,µµ 
➢ ≥ 2-jet: 1-jet variables + pTj2, ηj2, Δφj2,µµ, pTjj, Yjj, Δφjj,µµ, mµµ, MET



Empirical function for background model
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The functions are selected so that the spurious signal systematics become < 20% of 
the statistical uncertainty in each category.



BDT categories boundaries optimization 
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To maximize the total number counting significance



ATLAS vs CMS results
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ATLAS CMS
significance (expected) 0.8σ (1.5σ) 0.9σ (1.0σ)

signal strength 0.5 ±0.7(stat) +0.2/-0.1(syst) 1.0 ± 1.0 (stat) ± 0.1 (syst)

upper limit <3.8 × 10−4 <6.4 × 10−4 


