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Why search for H→cc
● Standard Model Higgs boson discovered in 2012!

● The measurements at LHC have established Higgs 
Yukawa couplings to Fermions are close to the 
Standard Model(SM) expectation for the 3rd Fermion 
generation

● H→bb, H→ττ ,  t tH

● universal Yukawa coupling for other Fermion 
generations has a l itt le experimental constraint

● evidence of H→ μμ ,  JHEP 01 (2021) 148

● The search of Η→cc decay is crucial for directly 
probing the Higgs mechanism for the 2nd generation of 
fermions/quarks https://atlas.cern/updates/briefing/higgs-boson-finds-strength-unity
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VHcc Candidates from ATLAS Run2

● 2 c- tagged jets (b lue cones)

● large missing t ransverse 
energy (dash- l ine)
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● 2 c- tagged jets (b lue cones)

● 1 e lect ron (green)

● large missing t ransverse 
energy (dash- l ine)

● 2 c- tagged jets (b lue cones)

● 2 muons (red l ine)



Post-fit  m(cc) distributions for 6 selected SRs
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● Binned prof i le l ikel ihood f i t  on m(cc) distr ibut ion simultaneously in 16 SRs and 28 CRs



Results
● SM VZ(cc) signal signif icance: 2.6(2.2) σ

● SM VW(cq) signal signif icance: 3.8(4.6)  σ

● world’s tightest direct constraint on H→cc

● W/ZH(cc) obs(exp) < 26  (31) xSM
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κc  interpretation
● κc :  quantify possible deviations from the SM

● signal strength as a funct ion of coupl ing enhancement Kc

● Assuming κ=1 for other fermions and bosons and no BSM contr ibut ions to Higgs width
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Backup
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ATLAS Detector and Run-2 Data-taking
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Previous ATLAS/CMS Direct Search Results
● ATLAS, PRL 120 (2018) 211802

● Z(l l )H only,  36/fb

● obs 110xSM (exp 150 +80 -40)

● CMS, JHEP 03 (2020) 131

● Z(vv)H, W(lv)H, Z( l l )H. 36/fb

● obs 70xSM (exp 37 +16 -10)
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● ATLAS, PLB 786 (2018) 134

● H→J/ψγ, 36/fb

● obs 116xSM (exp 100 +47 -27)



ATLAS full run2 H→cc search
● Full Run2 Dataset, 139 fb-1

● Looking for Higgs bosons produced together with a vector boson (W/Z) to moderate the 
contamination from huge QCD background

● events are separated by number of leptons

● target ing ZH→ννcc, WH→lνcc, ZH→llcc
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ATLAS-CONF-2021-021

● Diboson processes, VW(cq) and VZ(cc), are used to validate 
the analysis strategy 

● Multivariate f lavor tagging algorithms are used to distinguish 
jets originating from the hadronization of charm quarks, 
bottom quarks, or l ight-quarks/gluons



Object Selection

● Muon and electron

● 2Lep channel:  81<m(l l )<101 GeV
● diff .  rate of fake lepton, 1Lep and 2Lep channels use di ff .  

select ion cr i ter ia

● Jet: anti-kt algorithm with radius parameter R=0.4

● the two leading jets must be in detector central  region for 
f lavor tagging (b-veto && c-tag)

● b-veto for rest of  jets

● Missing transverse momentum

● negat ive of the vector sum of the pT of jets,  electrons, muons, 
hadronical ly-decaying tau, and “soft  term”

● Addit ional cuts are applied to reduce backgrounds or define 
control-regions
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Event Categorization
● 0/1Lep: num(jets)<4, in order to reduce top backgrounds

● low pTV(75-150) is used in 2Lep channel, because of less QCD contamination
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post-f i t  m(cc)  distr ibution after  subtract ing bkg
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top control region
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Signal and bkg MC 
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Signal region event selection
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bkg modelling systematic uncertainties
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signal strength uncertainty breakdown
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