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1.Motivation

 Processes mediated by Flavor Changing Neutral Currents (FCNCs) are very rare in 

the SM due to the GIM mechanism: 

Br(t → qX) ~ 10-17-10-12 (where q= u/c, X = g/γ/Z/H) ,

which is far beyond the current sensitivity of the experiments. 

 In many NP models, some  FCNC processes can be greatly enhanced by the new 

particles in the loop diagrams or extending the flavor structures, for example 

K. Agashe et al., Top quark working group report, (2013), arXiv: 1311.2028 [hep-ph].

 Minimal Supersymmetric Standard Model (MSSM), 

 R-parity-violating Supersymmetry (RPV-SUSY),

 2HDM with flavor-violating Yukawa couplings (2HDM -FV),  

 2HDM flavor conserving (FC) case (2HDM-FC), 

 Warped extra dimensions (RS) ,

 Little Higgs with T-parity  (LHT) models, etc.



Models MSSM RPV-
SUSY

2HDM
(FV)

2HDM
(FC)

RS CH 
model

LHT

Br(t→cH) ≤10-5 ≤10-9 2×10-3 ≤10-5 ≤10-4 ≤10-4 ≤10-5

Table 1: A summary of expectations for t → cH branching fractions in various NP models.
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Thus any experimental signatures of such FCNC processes will serve as a clear 
signal for NP Beyond the SM ! 

These branching ratios significantly improved in the certain parameter spaces of 

many different NP beyond the SM and are close to the current experimental limits.
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 The discovery of the SM-like Higgs boson at the LHC made possible the search 
for FCNC top quark couplings associated with a Higgs boson. We study the 
prospects of probing the top-Higgs FCNC tqH coupling by considering the 
processes tH associated production and top pair production through leptonic top 
quark decays and H → WW*:

Same-sign 2-lepton(SS2L)

Tri-lepton (3L))()( *qWWHqtbbWtpp  
 

The semileptonic and fully leptonic decay channels from H → WW*

 The upcoming project of the High-Luminosity (HL-LHC) is expected to reach 

3000 fb-1, which will open new possibility for precise measurement of top-quark 

properties as well as allow for probe NP by studying rare top decays . Using 13 

TeV data, the ATLAS and CMS collaborations have set the observed (expected ) 

upper limits for Br(t → qH) at 95% C.L. 
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ATLAS Collaboration, JHEP 1710 (2017) 129.     CMS Collaboration, JHEP 1806 (1018) 102.



2.Calculation framework

The general Lagrangian for FCNC top interactions with the Higgs boson can be 

written as 

After neglecting all the light quark masses, the branching ratio of t → qH can be 

approximately given by

J. J. Zhang, C. S. Li, J. Gao, H. Zhang, Z. Li, C. -P. Yuan and T. -C. Yuan, Phys. Rev.Lett. 102 (2009) 
072001. 

Here the factor λQCD is the NLO QCD correction to Br(t → qH) and equals about 1.1.
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3. Numerical results and discussions

Admir Greljo et al., JHEP 1407(2014) 046

Production Cross Section



3.1 SS2L channel

 Signal: two same-sign leptons + at least 3 jets (one b jet) + missing transverse energy.

 Backgrounds:           

WZjjWWjjZWVVtttt ,),,(,  ......,,4, tHjVVVthtt

Negligible after applying the selection cuts

Fig 1:The representative Feynman diagrams

The B meson decays
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MadGraph5-aMC@NLO + Pythia 6.4  + Delphes 3

All of these signal and backgrounds events are generated at LO. The high order 

corrections for the dominant backgrounds are considered by including a K-factor, 

which is 1.04 for WWjj,1.24 for ttW and 1.39 for ttZ, respectively. 

The dominant top-pair background is normalized to the NNLO QCD cross section of 

953.6 pb. The K-factor for the tH prodution cross section is taken as 1.5 at the 14 TeV 

LHC.
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MadAnalysis 5 for analysis



Basic cuts: 5.2,15),(,10)( ,,  bjTT GeVbjpGeVp  
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Based on these distributions, we impose a further set of cuts:

To remove contamination from hadron decay
chains including dileptons and Z boson

The higher PT lepton is assumed to originate 
from the leptonically decaying top quark.

The scalar sum of transverse momenta.

There are at least one pair of jets which could come 
from a W boson either on-shell or off-shell



Recently, the CMS collaboration searched for SS2L signatures and found that the overall 

non-prompt backgrounds are about 1.5 times the ttW background after all cuts. For 

simplicity, we add a non-prompt background that is 1.5 times ttW after selection cuts to the 

overall background. A. M Sirunyan et al., [CMS Collaboration], Eur. Phys. J. C 77 (2017) 578.

 Nonprompt leptons: electrons or muons from the dacay of heavy- or light-flavor hadrons,
hadrons misidentified as leptons, or electrons from conversions of photons in jets.



3.2   3L Channel

The dominant SM backgrounds: ttV, ttH, WZ+ jets, and top pair production processes.

Cut 1: .100,1)(,10)(,20)(,3)( 3,21 GeVEbNGeVlpGeVlplN TTT 

Cut 2: GeVllMGeV 55)(12 32 

Cut 3: .140
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Using the Poisson formula ])/1ln()[(2 int SBSBSLSS 
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Our results are comparable with the sensitivity limits at the HL-LHC from other channels.



4. Conclusion

 The discovery of the 125 GeV Higgs boson opens the door to probe NP 

processes that involve Higgs boson associated production or decay. 

 We focus on two processes with final states including SS2L and 3L signals from 

tH associated production and top pair production through the leptonic top quak 

decays and H →WW*. It is shown that, at the future HL-LHC, the branching 

ratios Br(t→uh) and Br(t→ch) can be respectively probed at 3σ sensitivity as:
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Thank you!


