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Signal: ZH, 𝐇(𝐙𝐙∗) 
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Recoil mass method to measure ZH cross section 

without any assumption about Higgs branching ratios

Combine with measurements of exclusive Higgs 

decay cross sections to extract total width ΓH

σtot

σ ee → VH, H ZZ∗
ΓZZ

ΓH

Mixed final states (different combinations of ll jj νν) 

and 4 jets final states (ll jj jj) have already been 

studied studied by Ines Combes.



Decay Fraction

𝑙 ҧ𝑙
(𝑒+𝑒−, 𝜇+𝜇−, 𝜏+𝜏−) ~10 %

𝜈 ҧ𝜈
(𝜈𝑒 ҧ𝜈𝑒, 𝜈𝜇 ҧ𝜈𝜇, 𝜈𝜏 ҧ𝜈𝜏) ~20 %

𝑞 ത𝑞
(𝑢 ത𝑢, 𝑑 ҧ𝑑, 𝑐 ҧ𝑐, 𝑠 ҧ𝑠, 𝑏 ത𝑏) ~70 %

Main decays of the Z boson.

𝑍𝐻, 𝐻(𝑍𝑍∗) Feynman diagram with possible decays of 

the Z bosons.

Signal: ZH, 𝐇(𝐙𝐙∗) 

The decays we are interested in: 𝐇𝐙, 𝐇 𝐙𝐙∗ → 𝟒𝐥 + 𝐱𝐱

2 on shell leptonic Z
Z(ll) Z(ll) Z(jj)

Z(ll) Z(ll) Z(𝝂𝝂)

Z(ll) Z(jj) Z(ll)

Z(ll) Z(𝝂𝝂) Z(ll)

Z(jj) Z(ll) Z(ll)

Z(𝝂𝝂) Z(ll) Z(ll)

1 on shell leptonic Z and 

1 off shell leptonic Z
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Background 
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▪ ee → ZZ (1% of the data) 

▪ ee → WW (0.1% of the data) 

▪ ee → ZH, Z(ee, µµ, νν) with other Higgs decays

𝐇 → 𝐖𝐖
𝐇 → 𝛕𝛕
𝐇 → 𝛍𝛍

𝐇 → 𝐪𝐪 (𝐜𝐜, 𝐬𝐬, 𝐛𝐛)
𝐇 → 𝐠𝐠
𝐇 → 𝐙𝛄
𝐇 → 𝛄𝛄



Stage 1

Stage 2A Stage 2B

Final AA Final AB Final BA Final BB

Z and jets

reconstruction
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Analysis Stages 

Z(ll) Z(ll) 𝐙∗(jj or 𝛎𝛎)
Z(ll) Z(jj or 𝛎𝛎) 𝐙∗(ll)

or Z(jj or 𝛎𝛎) Z(ll) 𝐙∗(ll)

Z(ll) Z(ll) 𝐙∗(jj) Z(ll) Z(ll) 𝐙∗(𝛎𝛎) Z(ll) Z(jj) 𝐙∗(ll) or 

Z(jj) Z(ll) 𝐙∗(ll) 

Z(ll) Z(𝛎𝛎) 𝐙∗(ll) 

or Z(𝛎𝛎) Z(ll) 𝐙∗(ll) 

1 on shell leptonic Z 

and 1 off shell leptonic Z
2 on shell leptonic Z



Stage 1

In Stage 1, we reconstruct up to three leptonic Z bosons: two ‘‘on shell’’ Z from 

electrons and muons with 𝑝 ∈ [20, 80] GeV (on_Z_leptonic) and one ‘‘off shell’’ Z 

from electrons and muons with 𝑝 > 5 GeV (off_Z_leptonic).

All the particles, except the leptons that reconstructed the Z bosons, are used to 

reconstruct jets through the Durham algorithm.

Z reconstruction with a loose preselection on the leptons and jets reconstruction

Analysis Stages 
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Stage 1

Stage 2A

ቊ
Number(on_Z_leptonic) = 2 which gives 𝒁𝒂 and 𝒁𝒃

Number(off_Z_leptonic) = 0

Considering 2 on shell leptonic Z bosons

Z(ll) Z(ll) 𝐙∗(jj or 𝛎𝛎)

Analysis Stages 
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Stage 1

Stage 2A

Final AA

We consider that the off shell Z decays 

into two quarks: jj (dijet)

 𝐄𝐦𝐢𝐬𝐬 < 𝟖 𝐆𝐞𝐕 + additional conditions 

on the Z and jj masses
Z(ll) Z(ll) 𝐙∗(jj)

Analysis Stages 
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Stage 1

Stage 2A

Final AB

We consider that the off shell Z 

decays into two neutrinos

 𝐄𝐦𝐢𝐬𝐬 > 𝟖 𝐆𝐞𝐕 + additional 

conditions on the Z masses

Z(ll) Z(ll) 𝐙∗(𝛎𝛎)

Analysis Stages 
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Stage 1

Stage 2B

ቊ
Number(on_Z_leptonic) = 1 which gives 𝒁𝒂

Number(off_Z_leptonic) = 1 which gives 𝒁𝒃

Considering 1 on shell leptonic Z and 1 off 

shell leptonic Z

Z(ll) Z(jj or 𝛎𝛎) 𝐙∗(ll)

or Z(jj or 𝛎𝛎) Z(ll) 𝐙∗(ll)

Analysis Stages 
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Stage 1

Stage 2B

Final BAThe remaining on shell Z decays into two quarks: jj

𝐄𝐦𝐢𝐬𝐬 < 𝟖 𝐆𝐞𝐕 + additional conditions on the Z and 

jj masses

Z(ll) Z(jj) 𝐙∗(ll) or 

Z(jj) Z(ll) 𝐙∗(ll) 

Analysis Stages 
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Stage 1

Stage 2B

Final BB
The remaining on shell Z decays into two neutrinos

 𝐄𝐦𝐢𝐬𝐬 > 𝟖 𝐆𝐞𝐕 + additional conditions on the Z 

masses

Z(ll) Z(𝛎𝛎) 𝐙∗(ll) 

or Z(𝛎𝛎) Z(ll) 𝐙∗(ll) 

Analysis Stages 
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After Stage 2A: 2 On Shell Leptonic Z Requiered
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From left to right, up to down:

• Mass of the 1st dilepton (Za)

• Mass of the 2nd dilepton (Zb)

• Missing energy

• Energy of the highest energy photon

• Mass of the dijet



After Final AA: Z(ll) Z(ll) 𝐙∗(jj)
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Recoil mass of the 1st dilepton (Za)

after the following cuts:

• 2 on shell leptonic Z requiered

• 80 GeV < m Za < 110 GeV
• 80 GeV < m Z𝑏 < 110 GeV
• Emiss < 8 GeV
• E γ < 20 GeV
• m jj > 10 GeV



After Final AB: Z(ll) Z(ll) 𝐙∗(𝛎𝛎)
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Recoil mass of the 1st dilepton (Za)

after the following cuts:

• 2 on shell leptonic Z requiered

• 80 GeV < m Za < 110 GeV
• 80 GeV < m Z𝑏 < 110 GeV
• Emiss > 8 GeV



After Stage 2B: 1 On Shell and 1 Off Shell Leptonic Z Requiered
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From left to right, up to down:

• Mass of the 1st dilepton (Za)

• Mass of the 2nd dilepton (Zb)

• Missing energy

• Recoil mass of the 1st dilepton (Za)

• Mass of the dijet



After Final BA: Z(ll) Z(𝐣𝐣) 𝐙∗(ll) or Z(𝐣𝐣) Z(ll) 𝐙∗(ll) 
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From left to right, recoil mass of the 1st 

dilepton (Za) and recoil mass of the 2nd 

dilepton (Zb) after the following cuts:

• 1 on shell and 1 off shell leptonic Z 

requiered

• 80 GeV < m Za < 110 GeV
• 10 GeV < m Z𝑏 < 65 GeV
• Emiss < 8 GeV
• m jj > 10 GeV
• mrecoil Za > 110 GeV



After Final BB: Z(ll) Z(𝛎𝛎) 𝐙∗(ll) or Z(𝛎𝛎) Z(ll) 𝐙∗(ll) 
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From left to right, recoil mass of the 1st 

dilepton (Za) and recoil mass of the 2nd 

dilepton (Zb) after the following cuts:

• 1 on shell and 1 off shell leptonic Z 

requiered

• 80 GeV < m Za < 110 GeV
• 10 GeV < m Z𝑏 < 40 GeV
• Emiss > 8 GeV



Conclusion and Next Steps 
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• Z(ll) Z(ll) Z(jj) final state: pretty clean after simple cuts on the dilepton and dijet masses

We can already apply a fit on this channel

• Other final states: simple cuts aren’t enough. Background coming mainly from H → ττ, 

H → qq and ee → ZZ

Try more complexe  methods than simple cuts: machine learning based on 

kinematic properties of signal and background

• Compute S/B ratio for each channel

• Use combine to fit the data
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