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We are entering in the precision era of the Higgs physics where the comparison between theory and experiment is becoming crucial to spot any sign 
of new physics.  Fiducial cross section measurements are one of the tools we have to pursue this task, allowing a precise inspection of the scalar 

sector of the Standard Model (SM) . Evaluating fiducial cross sections in bins of kinematic variables allows to probe interesting phase space regions.

Workflow of the analysis

Unfolding

Physics model
     High S/B (~2)

     Complete reconstruction of the final state

     Excellent momentum resolution

     Small BR (0.028%)

Three different final states: 2e2 , 4e, 4μ μ

Results

Decay channel: H → ZZ → 4ℓ
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2.3 Event simulation

Fig. 2.12: Schematic view of a tt̄H event produced in a pp-collision: the hard scattering is
shown as a red blob with the solid and dashed lines as the resulting three particles
[100]. Independently happening multi-particle interactions are indicated by the vio-
let blob. The initial- and final-state radiation is shown with curly lines. Hadroniza-
tion yields hadrons as shown in light green, while the final state particle are dark
green.

The main method used by CMS, referred to as Full Simulation, makes use of the GEometry
ANd Tracking (GEANT4) toolkit [106]. Here, a precise 3D-model of the CMS detector is imple-
mented including not only the sensitive detectors, but also the corresponding infrastructure.
Apart from the detailed MC simulation of the passage of the particles though this material,
the behaviour of the readout electronics is also modelled.

Naturally, the above detailed simulation requires huge computational resources. In case
of large-scale MC production, like in the case of SUSY parameter phase scans, a more time-
effective method is needed.

Subsequently, CMS developed a Fast Simulation (FastSim) software as an alternative to the
full GEANT4-based simulation [107]. The increase in computational speed is achieved through
the simplification of various aspects of the detector geometry and particle-matter interactions.
The FastSim detector responses are tuned to correspond to the full simulation.

Regardless of the simulation type used, the data output format is designed to match the
one coming from the detector DAQ system; this allows to employ the same reconstruction
techniques for simulation as for real data. Additional MC-related information such as from
the original event generator and detector simulation is included to facilitate various studies.
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Cross section is measured by unfolding experimental data to the fiducial phase space at generator level 

 High-longevity of the measurement

 Direct comparison with theoretical models

 Combination with different decay channel and experiments

Total phase space

Fiducial phase spaceExperimental selections

 Model independent measurement 

Unfolding



Nf,i
obs(m4ℓ) = Nf,i

fid(m4ℓ) + Nf,i
nonfid(m4ℓ) + Nf,i

nonres(m4ℓ) + Nf,i
red/irred(m4ℓ)

Fiducial resonant contribution Non-fiducial resonant contribution

Non-resonant background Reducible and irreducible background

Selected four leptons associated to the decay of the Z bosons coming 
from the decay of the H inside the fiducial volume

Selected four leptons associated to the decay of the Z bosons coming 
from the decay of the H outside the fiducial volume

Selected four leptons not associated to the decay of the H
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Legend 
f=final state, i=reco bin, j=gen bin  
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Fraction of these events

• WH ~ 5%

• ZH ~ 22%

• ttH ~ 17%
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Irreducible backgrounds

• qq → ZZ

• gg → ZZ

Reducible backgrounds

• ZX = Z+jets & tt+jets & Z +jets 

& WW+jets & … 
γ

 → Template from Monte Carlo 
or Control Region in data
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•All results are in agreement with SM predictions

•Once fiducial results are provided, they can be used for further analyses:


•Test different Beyond-Standard-Model theories and tune SM computations

•Extraction of parameters (e.g. , , ) and interpretations in a specific framework (e.g. EFT)

•Combination with other channels

kb kc kλ

• Test pQCD calculations

• Sensitive to b-/c-quark Yukawa coupling

• Sensitive to Higgs trilinear coupling 

effects

• Cross section computed with high 

accuracy

• Sensitive probe to PDFs of 
protons


• Influenced by QCD radiative 
corrections

• Probe pQCD radiation effects 
and the Higgs boson production 
mechanisms


• Effects of QCD resummation

Integrated fiducial cross section

• Measured value 

   

• SM expectation

   

σfid = 2.84+0.34
−0.31 = 2.84+0.23

−0.22 (stat)+0.26
−0.21 (sys) fb

σSM
fid = 2.84 ± 0.14 fb

Results


