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We are talking about parameters a, f1,f2 
in eq.(3.5) of arXiv:1409.5301  

defining the range of shower scale Qsh  

As in the paper, I keep 
        f1=0.1, f2=1,  
take 
a = ¼ and 1  
and see how kinematical 
acceptance is changing 



• Consider  two values of mH with selections 
used in the CMS analyses: 

– mA=30 GeV, 2HDM pp->bbA, A->mm analysis 

• pT
m1,2 > 25, 5 GeV, |hm1,2|<2.1, 2.4 

• >=1 b-jet, pT > 30 GeV,* |h|<2.4   

– mA=400 GeV, MSSM pp->bbA, A->thth analysis 

• pT
t > 45 GeV**, |ht| < 2.4** 

• >=1 b-jet pT>30 GeV*, |h|<2.4 

• no other jets pT > 30 GeV, |h|<4.7 

• * in CMS actual cut used is 20 GeV 
• ** in CMS we cut on pT/h of th  

 

All selections are at the parton level; parton jets anti-kt 0.5 are reconstructed 



mA=30 GeV 

MC generator   
          PY6 

                   aMC@NLO_MG5 + PY8 

  Parton level 
  selections 

Shape parameters: Eq 3.5 arXiv:1409.5301 

  0.025-0.25 (a=1/4)      0.1-1.0 (a=1) 

pT
m1,2> 25, 5 GeV 

|hm1,2| < 2.1, 2.4 
DR(m-j)>0.5 

       0.102            0.106           0.147 

           >=1 b-jet 
 pT

b > 30 GeV, |hb| < 2.4 
       0.400            0.283           0.356 



mA=400 GeV 

MC generator  
           PY6 

                  aMC@NLO_MG5 + PY8 

  Parton level 
  selections 

Shape parameters: Eq 3.5 arXiv:1409.5301 

  0.025-0.25 (a=1/4)      0.1-1.0 (a=1) 

  pT
t> 45, |ht| < 2.4 

 DR(t-j)>0.5 
        0.860            0.895           0.894   

       >= 1b-jet  
pT

b > 30 GeV, |hb|< 2.4 
        0.346            0.383           0.468   

1 b-jet, no other jets  
pT > 30 GeV, |h|<4.7 

        0.579            0.379           0.296 



Conclusions 

• A first look at acceptance uncertainty due to the 
shower scale parameters in pp->bbA process modelling 
with aMC@NLO_MG5+PY8 
– considerable change of Higgs pT is observed with the 

variation of the shower scale parameters 

– for low mass Higgs 30 GeV the change in the acceptance 
• ~ 50 % with lepton pT selections 

• ~ 20 % with b-jet pT selections 

– for high mass Higgs 400 GeV the change in the acceptance  
• negligible for t pT selection (since cuts on pT << mA) 

•  ~ 20 % with b-jet pT selection 

• ~ 20 % with additional jet veto requirement 
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• MSSM H->mm,tt analyses used so far the bb(H+A) 
generation with PY6 
– bbH contribution is dominant at high tanb 

 
 
 

 
 

 
 
 
 

• Start recently 2HDM pp->bbA->mm,tt analyses with 
light A,  20 < mA < 70 GeV 
– again bbA is generated with PY6 

 
 



• Selections for b-tagged event category: 

– one b-jet pT > 20 (or 30 GeV), |h| < 2.4 

– Jet veto: <= 1 jet pT > 30 GeV, |h| < 4.7 

• Let’s compare efficiency given by PY6 and the 
recent bbH implementation in MG5_aMC@NLO  
by Marius Wiesemann et al. arXiv:1409.5301 for 
two cases: 

– MSSM heavy H in pp->bbH, H->thth, mH = 400 GeV 

– 2HDM light A in pp->bbA, A->mm, mA = 30 GeV  

 

 



Signal selection efficiencies MG5_aMC@NLO+PY8 vs PY6 pp->bba, a->mm, ma=30 GeV 

Selection on muon pT,  GeV |h| < 2.1 for both muons  

                 10               15                20 

NLO+PY8      PY6 NLO+PY8     PY6 NLO+PY8    PY6 

Muon kinematics    0.368    0.379     0.059   0.057     0.013  0.014 

>= 1 b-jet  after m’s sel. 
pT >30 GeV, |h|<2.4 

   0.114    0.106     0.307   0.379     0.613  0.731 

         Following efficiencies are relative to muon and >= 1 b-jet selection;  jets pT
j > 30 GeV 

1 b-jet  
no other jets |h|<2.4 

    0.454     0.799     0.336    0.776   0.184 0.708 

1 b-jet  
>=1 light jet |h|<2.4      

    0.464     0.090     0.562    0.118   0.694 0.166 

2 b-jets + X      0.081     0.111     0.102    0.106   0.122 0.125 

1 b-jet 
no other jets |h|< 4.7  

    0.402     0.751     0.298    0.722   0.171 0.640 



Conclusion from comparison of 
pp->bbA, A->mm process mA=30 GeV  

in PY6 and MG5_aMC@NLO+PY8  

• comparable efficiency for muon and b-jet 
selections 

• Dramatic difference for jet veto selections ! 

– aMC@NLO is much more “jetty” 

– If one uses jet veto in the analysis the signal should 
be generated with aMC@NLO_MG5 



Signal selection efficiencies MG5_aMC@NLO+PY8 vs PY6 pp->bbA, A->tt, mA=400 GeV 

           Selection on th pT and h for both th  used in  
CMS MSSM H->thth analysis (still need to apply on th but not to t)  

                        pT
t >45 GeV, |ht| < 2.4, DR(t-j) > 0.5 

                        NLO+PY8                                 PY6 

        Tau kinematics                       0.895                          0.860 

>= 1 b-jet  after m’s sel. 
pT >30 GeV, |h|<2.4 

                      0.383                          0.346 

         Following efficiencies are relative to muon and >= 1 b-jet selection;  jets pT
j > 30 GeV 

1 b-jet  
no other jets |h|<2.4 

                     0.466                        0.660 

1 b-jet  
>=1 light jet |h|<2.4      

                      0.378                        0.194 

2 b-jets + X                        0.155                        0.147 

1 b-jet 
no other jets |h|< 4.7  

                      0.379                        0.579 



Conclusion from comparison of 
pp->bbA, A->tt process mA=400 GeV  

in PY6 and MG5_aMC@NLO+PY8  

• comparable efficiency for t and b-jet selections 

• ~ 30 % difference for jet veto selections  

– aMC@NLO is much more “jetty” 

– If one uses jet veto in the analysis the signal should 
be generated with aMC@NLO_MG5 



Plans  
• More detailed analysis of the PY6 vs 

MG5_aMC@NLO+PY8 differences in the selection 
efficiency for pp->bbH process 
– Evaluation of the acceptance uncertainty with aMC@NLO 

• 13 TeV Higgs signal request incudes pp->bbH process 
to be generated with MG5_aMC@NLO+PY8 
– need to understand how to setup Higgs width in MSSM 

• Consider gg->H+g->bb contribution to pp->bbH  


