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Higgs boson production
The most common expected processes for Higgs boson production
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Gluon-gluon fusion
Gluón-gluónová fúzia
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The most common one at LHC. 

The loop goes through t or b because Higgs’s coupling 
to fermions is proportional to the fermion’s mass.



Vector boson fusion
Fúzia vektorových bozónov
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The second most common at LHC.

The two outgoing quarks produce jets in the detector.
(this is used as a criterion to select VBF events) 



Higgs Strahlung
Higgs Strahlung
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Not so common at LHC, the most common at LEP.
(LEP  Large Electron–Positron Collider)

However LEP did not detect Higgs due to insufficient energies.



Top fusion
Top fúzia
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Since 𝑚𝐻 = 125 GeV it cannot decay to a pair of top 
quarks (𝑚𝑡 = 173 GeV).

This is the only way to study Higgs’s coupling to top 
quark.



Gluon fusion

Higgs Strahlung

Vector boson fusion

Top fusion

Expected event count for Higgs 
production mechanisms at LHC
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(with a full Run2 dataset)



Higgs boson decay
We cannot detect Higgs boson directly; we study its decay only! 
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𝐻𝑖𝑔𝑔𝑠 → 𝜏+ + 𝜏−

The most common decays at 125 GeV

𝐻𝑖𝑔𝑔𝑠 → 𝛾 + 𝛾

𝐻𝑖𝑔𝑔𝑠 → 𝑍0 + 𝑍0

𝐻𝑖𝑔𝑔𝑠 → 𝑊+ +𝑊−

𝐻𝑖𝑔𝑔𝑠 → 𝜏+ + 𝜏−

𝐻𝑖𝑔𝑔𝑠 → b + തb

(two photons)

(two Z bosons)

(W boson and its antiparticle)

(τ lepton and its antiparticle)

(b quark and its antiquark)

Higgs mass of 125 GeV
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𝐻𝑖𝑔𝑔𝑠 → 𝜏+ + 𝜏−

𝜏 cannot be detected directly, 
since it decays in the beam pipe.



𝐻𝑖𝑔𝑔𝑠 → 𝜏+ + 𝜏− → 1) 𝑙𝑒𝑝 𝑙𝑒𝑝: 𝜏−𝜏+ → 𝑒+𝜈𝑒 ҧ𝜈𝜏𝑒
− ҧ𝜈𝑒𝜈𝜏

2) 𝑙𝑒𝑝 ℎ𝑎𝑑: 𝜏−𝜏+ → ҧ𝜇 ҧ𝜈𝜇𝜈𝜇𝜋
+ ҧ𝜈𝜏

3) ℎ𝑎𝑑 ℎ𝑎𝑑: 𝜏−𝜏+ → 𝜋−𝜈𝜏𝜋
+ ҧ𝜈𝜏
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We can detect these only!

(for example)

We reconstruct these as 
missing transverse energy.

From the standard model:



𝐻𝑖𝑔𝑔𝑠 → 𝜏+ + 𝜏− → 1) 𝑙𝑒𝑝 𝑙𝑒𝑝: 𝜏−𝜏+ → 𝑒+𝜈𝑒 ҧ𝜈𝜏𝑒
− ҧ𝜈𝑒𝜈𝜏

2) 𝑙𝑒𝑝 ℎ𝑎𝑑: 𝜏−𝜏+ → ҧ𝜇 ҧ𝜈𝜇𝜈𝜇𝜋
+ ҧ𝜈𝜏

3) ℎ𝑎𝑑 ℎ𝑎𝑑: 𝜏−𝜏+ → 𝜋−𝜈𝜏𝜋
+ ҧ𝜈𝜏
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(and many more)

(for example)

From the standard model:



Had-had channel
Jakub Šťavina

15



16



Monte Carlo method 
Utilizing randomness to solve problems that are deterministic in principle.
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https://en.wikipedia.org/wiki/Monte_Carlo_method
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results of Monte 
Carlo simulation

measured data

“Fakes”

Signal from 
Higgs x 10

angle between 
two particles
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Estimating the fakes with data-
driven methods based on flawed 
data with large number of fakes.

𝑟𝑄𝐶𝐷 =
(𝐷𝐴𝑇𝐴 − 𝑀𝐶)𝑂𝑆

𝑝𝑟𝑒𝑠𝑒𝑙.

(𝐷𝐴𝑇𝐴 − 𝑀𝐶)𝑛𝑂𝑆
𝑝𝑟𝑒𝑠𝑒𝑙.

𝐹𝐴𝐾𝐸 = (𝐷𝐴𝑇𝐴 −𝑀𝐶) × 𝑟𝑄𝐶𝐷



Lep-had channel
Sára Bánovská 
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Lep-lep channel
Anna Mária Sodomková
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Conclusion
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27(all channels)
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Thank you for your attention!
Sára Bánovská, Anna Mária Sodomková, Jakub Šťavina
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Appendix
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