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Higgs couplings to quarks

★ Fermion couplings: 
➢ Only few of them accessible at the LHC 

➢ t, b, c? 
➢ Leptons: 𝛕, µ? 
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Motivation: why H➝bb?

➢ Higgs boson observed & measured mainly in 
bosonic channels (gg, WW, ZZ) 
➢ Compatible with SM 

➢ H➝bb: largest BR in the SM (~58%) 
➢ Constrain total width and measure absolute couplings 
➢ Probe the Higgs couplings to quarks 

➢ Evidence of fermionic decays in Run 1: 
➢ H➝: 5.5𝛔 (expected 5𝛔) 
➢ H➝bb: 2.6𝛔 (expected 3.7𝛔) 

➢ Run 1 signal strength for H➝bb:

ATLAS+CMS Run 1  
Coupling combination

μbb
CMS+ ATLAS= 0.70− 0.27

+ 0.29
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How?

➢ Huge background from SM b-quark pair production 
➢ Need clear signatures 

➢ Explore non-dominant production modes 
➢ Associated production with W or Z (VH search) 

➢ ttH production 
➢ Vector boson fusion

WH: 𝛔 = 1.373 pb 
ZH: 𝛔 = 0.884 pb
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VH searches: 3 channels
𝜈

𝜈

➢ Two jets 
➢ anti-kT with R=0.4 

➢ PT
j1>45 GeV 

pT
j2>20 GeV 

➢ B-tagging  
➢ Eff: 70%, light jet mistag 

rate: 0.3%, charm mistag 
rate: 8% 

➢ Analysis categories: 
➢ 2/3 jets (0/1lepton) 

➢ 2/≥3jets (2lept.) 
➢ pTV  bins 

➢ 75-150, > 150 GeV 
(2lepton) 

➢ >150 GeV (0/1lepton)

➢ 0-lepton: 

➢ ET
miss > 150 GeV 

➢ 1-lepton: 
➢  e/μ, pT>25 GeV 

➢ Tight isolation 

➢ Missing ET >30 GeV (e chn) 

➢ pT
V > 150 GeV 

➢ 2-leptons: 
➢ Isolated ee, μμ  

➢ pT
1>25 GeV, pT

2>7 GeV 

➢ pTV > 75 GeV 

➢ mll compatible with mZ
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Main backgrounds

➢ Dominant backgrounds dependent on channel 
➢ Z+bjets dominates in 0, 2 lepton channels 
➢ Top quark and W+jets in 1 lepton channel 

➢ Multi-jet important in 1 lepton channel

0 lepton 2 leptons1 lepton
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Multi-variate analysis
➢ Boosted decision tree (BDT)  

➢ Combine many different variables 
➢ Trained in 8 categories: 3 lepton, 2/3 jets, 

low/high pT
V bin (2 lepton channel) 

➢ Most discrimination from mbb and  𝝙R(b1,b2)

➢ New in run 2: mTop, |𝝙Y(V,H)| → +7% in sensitivity
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Combined fit

➢ Signal strength from profiled likelihood fit  
➢ Take into account all event categories 

➢ Use BDT discriminant as input 
➢ Control regions to constrain the backgrounds

W+HF control regionEµ control region
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Post-fit distributions

W transverse mass 
1 lep., 3jets, 2 btags

ET
miss 

0 lep, 2jets, 2btags

2 leptons, 2 tags, 2 jets 
BDT discriminant
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Results for Run 2 with 79 fb-1 of data

➢ 79 fb-1 of pp collisions at √s= 13 TeV 
➢ 4.9σ evidence observed (4.3σ expected) 
➢ systematic uncertainties start to dominate!! 

➢
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➢ Dominant systematics from b-tagging, 
background normalization & modelling 
(W+jets, Z+jets, top)
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Run 1 + Run 2 combination

★ Includes ttH and vector boson fusion (with H->bb) channels  
★ 5.4σ observation!! (5.5σ expected)
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Observation of VH production

★ Combination with two more channels  
➡ Four leptons (ZZ) 
➡ γγ 

★ Direct observation of the Higgs 
produced in association with vector 
bosons!  

★
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And what now?
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Probing the Hbb coupling

★Questions 
➡  Is it really as the SM predicts? 
➡  What is the sign of the coupling? 
➡  Are there anomalous components? 

★Probing the sign of the Hbb coupling: 
➡ Decay H➝𝚼𝛄  

Interference between two difference diagrams results in very low BR 
Can be enhanced if the sign of the coupling is the opposite! 
Very difficult channel —> will need HL-LHC

Phys.Rev. D94 (2016) no.7, 075017
T. Modak et al.
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Can we probe anomalous couplings in H➝bb?

★ Look at the hbb𝛄 effective vertex 
➡ Can we measure this decay at ATLAS?  

★Previous studies 
➡ ZH production 
➡ Basic selection 

Foton pT, missing ET, m𝓵𝓵,Δφγ𝓵𝓵, …
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★ hbbγ coupling can be probed 
at the LHC at 14 TeV at 
the 3σ level with an 
integrated luminosity of ∼ 
2000 fb−1  

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%252FPhysRevD.96.015035&v=805ff97f
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Can we probe anomalous couplings in H➝bb?

★Can we use the photon to trigger and exploit higher cross section 
in the gluon-gluon fusion mechanism? 

★Back of the envelope calculation 
➡ Using mad graph to generate the signals 
➡ Basic cuts in ZH production would lead to S/sqrt(B) ~3

A. Kelly’s master thesis
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Generator level study H➝bb𝛾

★ SM and BSM (d1=6, d2=0) signals produced with madgraph 
★ Main backgrounds also produced with mad graph 

➡ bb𝛾, jj𝛾, jjj, bbj 
★Detector effects simulated with DELPHES 
★ Optimization of the analysis selection 

➡ Explored many even shape variables
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Results for H➝bb𝛾

★ This channel could 
contribute in addition to 
ZH production, but quite 
challenging
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Probing HWW vertex in WH(bb)  

★ Angular variables sensitive to 
anomalous Spin/CP components in 
the vertices 

★ Boosted regime enhances the 
sensitivity!! 

★ Working on boosted Hbb search in 
WH production

ArXiv:1306.2573v2	(Godbole	et	al.)
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Conclusions

★ The Run 2 is bringing a wealth of Higgs properties 
measurements 

★ Higgs couplings to quarks have recently being observed by the 
first time 

➡ H-> bb decay observation combining 13 TeV (76 fb-1) and 8 and 7 
TeV pp collisions data  
Several channels 

➡ Observed also the VH associated production mode! 
➡ Signal strength compatible, in both cases, with SM expectations 

★ Future: 
➡ Will require more precise measurements of the coupling vertices



P. Conde Muíño                       Theory meets Experiment (14 Dec 18) �21

Thank you!
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Backup
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Run 1: Higgs discovery
4th July 2012
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Run 2: measurements!!

★ Dominated by bosonic channels



P. Conde Muíño                       Theory meets Experiment (14 Dec 18) �25

And what about quarks?
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VH (Z➝bb) analysis

★ 
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Di-jet mass analysis

★ 3.6σ observed 
★3.5σ expected
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Selection
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Simulation samples
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Uncertainties in the signal strength


