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Outline

• Recast of CMS and ATLAS measurements 
• Model dependent interpretations of non-resonant 

gg-HH 
• Models which can be described with one 

parameter  
• Models with more than one free parameter 

• VBF HH
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Setup for the reinterpretations

We base our MC in anomalous couplings => this makes it fully flexible for interpretations 
Let’s experiment with interpretations of EFT’s matched to UV completions!  

(= anomalous couplings mapped to EFTs matched to UV completions)

Lagrangian specifying the Higgs couplings for GGF analysis:
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• Delphes recast of 2015 ATLAS and CMS γγbb analysis (using CMS phase II card) 

• Why 2015 only? There is no MVA (our goal is exemplify reinterpretation) 

• The choice of the HH → γγbb channel results from the fact that this final state is easy to simulate 
and to reconstruct using a parametric model of the ATLAS and CMS detectors.  

✴ We use only the highest purity category of each experiment. 
✴ A mass cut in Mgg is introduced and limits are derived based on cut-and-

count

Recast of CMS and ATLAS measurements 

Selections used in the  

 recast analysis
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)Moduli fudge factors ( ) the signal efficiency from recast ( 
is compatible with the ones quoted by the exp. documents ( )

We also extrapolate the limits to lumi=100/fb  
by simple rescaling of the ~3/fb result 

Recast of CMS and ATLAS measurements 
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Model dependent interpretations 

11 models were investigated in  

consideration to mapping to the EFT
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Model dependent interpretations 

Correlations!

There is no cg/c2g in this table! 
=> Loop level EFT is much more  
laborious to match to EFT by hand
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✦ α is the mixing angle between the two scalars, 

✦ β = arccos(v1/v) is the arccosine of the ratio of the vev of the (first) doublet and the electroweak vev v ≈ 246 
GeV. 

✦ A common mass mH is assumed for the heavy scalars, besides for H+ and A in models 3-6, with masses mH+,mA. 

✦ m2 is the coefficient of the triple-singlet coupling and λα that of the bi-quadratic scalar term. 

✦ MT and ME are the masses of the heavy vector-like quark and lepton, respectively.  

✦ λTt,λEl are the coefficients of their (Yukawa-type) couplings with the SM fermions, mediated by the Higgs.  

✦ ξ ≡ v2/f2 parametrizes the composite Higgs non-linearity, with f the Pseudo-Goldstone decay constant.  
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kl-kt plane

Varying c2 freely Considering the correlations  
on the models

Ignoring the modifications on the 
H BR that are uniquely predicted 
on each model

04.07.18                                                                                    Anamika Aggarwal

(correlations effect)
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Model dependent interpretations 

For indicated models, there is a non negligible effect of 

H BR on the limits on physical parameters
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Models which can be  

described with  

one parameter 

Observations: 
• The current analyses are sensitive to values of ξ ∼ 0.9 

in the case of the MCHM5 and values of ξ ∼ 0.2 can be 
probed with 100 fb−1 

• no bound is obtained for the MCHM4 

• in the case of the singlet, the kinematics are not 
greatly affected and also, no bound is obtained for 
mixing angles cos α    0.5  

Folding interpretations on explicit 
model parameters
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Models w
ith more than  

one free parameter 

Observations: 

• The current constraints on the real singlet lie in regions of large λeff of order 5–10 and of sizeable mixing 
with the Higgs. The bounds will however improve significantly with increasing luminosity.  

• For the triplets, the analyses are sensitive to large mixings for masses of a few hundred GeV while increasing 
the heavy scalar mass leads to an increased sensitivity, including also smaller mixing angles β.

Folding interpretations on explicit 
model parameters
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How to construct a HH signal composed of  
gluon fusion and VBF components on EFT on  
the most model independent way possible?
==> Up to now we just have the question 
but here we are looking at explicit models.

What about VBF HH?
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Work in progress!

The second largest production mode of HH is the VBF mode. Though in SM case, the VBF is non-significant 
compared to GGF but in BSM scenario, the VBF can become quite sizeable with respect to GGF

A A,  Enrico  Bertuzzo,  
Alexandra  Carvalho and  
Florian  Goertz
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We investigated Higgs portal and MCHM model for VBF HH: 
For MCHM, we see that VBF HH for BSM couplings, has 
significant contributions
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What about VBF HH?

Work in progress!

We repeat the logic we had done in GF case for 
MCHM, using the same type of recast (results 
only for the CMS case) to see the sensitivity on 
the anomalous couplings

13

For Higgs portal, VBF contribution was not significant in any parameter space (in Backup)



Conclusions

• We did exercise of applying specific UV completions correlations on recast of hh analysis for both GGF and 
VBF. 

• The objective here is to exemplify that it is necessary to quantify the effect of correlations of parameters. 

• Even with early stage of analysis, we have coverage for exclusion of parameter space for some specific 
models. 

• How to convey experimental results? Suggestions: 

1) Some interpretations by considering explicit models as benchmarks  
      - first assessment direct from exp. 
      - it would act also as point of sanity check for reinterpretations 
  
2) parallel way of allowing easy reinterpretations (necessity!) (yesterday discussion) 

3) explicit scans on some 2D/3D parameters (?)  
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BACKUP
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H BR effect in 2HDM model
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Effect of VBF in Higgs Portal Model
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Models w
ith more than  

one free parameter 

• The only thing that makes them different is the predicted effect on H BR. 

• Here, the sensitivity to scalar masses in the TeV region is only possible for small tanβ.

Folding interpretations on explicit 
model parameters
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(including H BR modification effect)
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