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SM Higgs pairs production in p-p collisions at LHC:  

Å mainly via gluon-gluon fusion 

Å small prod. cross section due to destructive interference among diagrams : 
 

S̀M
hh(p-p 13 TeV) = 33.53 fb [1] 

  

Å SM measurements possible starting from 3 ab-1 

Å BSM effects would lead to: 

o the presence of resonant hh process 

o the enhancement of the non-resonant ̀ hh 

 

  Physics  motivations  

Search for Standard Model (SM) di-Higgs (hh) production at LHC: 

Å is a baseline SM topic 

Å allows to measure the Higgs self-coupling (˂ hhh) 

S̀M
h(p-p 13 TeV) = 4858 fb  

S̀M
hh(p-p 8 TeV) = 10.16 fb 

 

[1] +4.3% -6.0% (scale unc.) ± 3.1% (PDF+hS unc) -- NNLO+NNLL.     LHCHXSWG Yellow Report 4 
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ÅGeneral extension to BSM effects is modelled in EFT adding dim-6 operators[3],  
the process can be described with 5 parameters in the following Lagrangian. 

NON-RESONANT  

RESONANT  

Higgs-gluon contact interactions 

  Physics  motivations  

ÅMSSM/2HDM (250-400 GeV) or Singlet model (250-1000 GeV) 
 

ÅWarped Extra Dimensions (250-3000 GeV): 
 

         spin-2 (KK-graviton) [1] and spin-0 (Radion) [2] resonances 

[1] Warped Gravitons at LHC 
[2] Radion phenomenology, Csaba Csaki et al 
[3] Phys. Rev. D91 (2015), no. 11, 115008 

BSM effects 

Where: 
  k  ˂= ˂ HHH/ H˂HH

SM ; 
  kt = yT/yT

SM;    
  ˂ SM =m2

H/(2v2) = 0.129. 

 k˂   kT    C2    Cg    C2g 

ttHH interaction Tri-linear coupling Yukawa interaction 
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NON-RESONANT  

Higgs-gluon contact interactions 

  Physics  motivations  

[4] JHEP 04 (2016) 126 

BSM effects 

Where: 
  k  ˂= ˂ HHH/ H˂HH

SM ; 
  kt = yT/yT

SM;    
  ˂ SM =m2

H/(2v2) = 0.129. 

ttHH interaction Tri-linear coupling Yukawa interaction 
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k  ˂ kT    C2    Cg    C2g 

Å̀ hh and kinematics of the final state 
vary in the 5D phase space. 
12 benchmarks identified[4].  

mHH 
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http://dx.doi.org/10.1007/JHEP04(2016)126


    Final  States  

di-Higgs searches can be performed looking at several final states 

 
 
Four main decay channels: 
 
 

Åbb bb -> highest BR, high QCD/tt  bkg 
 
Åbb l l˄  ˄-> high BR, large irreducible tt  
 
Åbb ̱  ̱-> relatively low background 
 
Åbb ɹ  ɹ-> high purity, very low BR 

 
Studies on-going on additional channels. 

 
On each channel:  

Model independent search of narrow width resonance + interpretations. 
Upper limit on SM non-resonant production + searches for BSM effects. 

Due to the relatively low production cross section --> 
                                           one Higgs is searched for in bb decay to exploit the higher branching ratio. 

Strongly improved sensitivity wrt Run1 
but combination is still competitive [1]. 

NEW (shown for 
the first time 
to public) 

[1] 8 TeV - bbˍ ̱plus combination 
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     HH    bbbb  
Both searches will be updated soon 

CMS-PAS-HIG-16-002 

CMS-PAS-HIG-16-026 ÅOn-line cut:  >= 3 b-tagged anti-kT R=0.4 jets 
 

ÅBkg: multijets QCD and tt  (2-10%) 
 

ÅFirst 4 jets sorted in bTag + selection on jet/di -jet   ɲR/ɲm 
 

ÅBkg shape from sidebands on data in 2D mass plane 
 

ÅSignal search on m4j distribution 
 

OBJECTS: 4 resolved and b-tagged jets 

Exclusion: KK-Graviton of mass  [350-725]GeV  ;   [775-850]GeV. 

2.3 fb-1 (13TeV) 

ÅFirst analysis performed on 2015 data 

ÅBDT to improve significance 

ÅάIŜƳƛǎǇƘŜǊŜ ƳƛȄƛƴƎέ ǘŜŎƘƴƛǉǳŜ to extract 

bkg template (see ¢Φ5ƻǊƛƎƻΩǎ talk at QCD parallel) 

ÅSignal search on 2D plane mjj  vs mjj 

RESONANT  
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Limit on ̀ hh : 3880 (exp 3490) fb 
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