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● The Higgs self-coupling: Impacts shape of Higgs 
potential, key to understanding the Higgs mechanism.
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● The Higgs self-coupling: Impacts shape of Higgs 
potential, key to understanding the Higgs mechanism. 

● Want a precise measurement
○ Fundamental test of SM, use to search for BSM

● Estimated precision at HL-LHC: 
~50% (conservative) w/ Higgs pair production
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50%

5%

● Estimated precision at FCC-hh: ~5%  

https://indico.cern.ch/event/1018653/contributions/4626559/attachments/2358215/4024864/Snowmass-EF-HiggsXSWG.pdf
https://indico.cern.ch/event/1018653/contributions/4626559/attachments/2358215/4024864/Snowmass-EF-HiggsXSWG.pdf


Self-coupling access at FCC-ee

● HH production turns on at e+e- collider: 
○ √s ~500 GeV for ZHH
○ Even higher for HH𝜈𝜈

3
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Self-coupling access at FCC-ee

● HH production turns on at e+e- collider: 
○ √s ~500 GeV for ZHH
○ Even higher for HH𝜈𝜈

● FCC-ee √s too low (90 - 365 GeV) to produce 
pairs of Higgs bosons directly

● Indirect sensitivity from higher order 
contributions to ZH (main production mode)

3

σ vs. √s, including HH

~ 240 GeV ~ 500 GeV

https://link.springer.com/article/10.1140/epjc/s10052-017-4968-5


Processes

● Using Winter 2023 samples at 240 GeV
○ Uses Whizard/pythia, delphes 

simulation of IDEA detector
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Processes

● Using Winter 2023 samples at 240 GeV
○ Uses Whizard/pythia, delphes 

simulation of IDEA detector

● ZH signal → Fully-Hadronic for 
maximum Z cross-section:
○ Z(bb, cc, qq, ss)

H(bb, cc, gg, ss, 𝜏𝜏, WW, Zy, ZZ) 
q = (u, d)
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maximum Z cross-section:
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Winter 2023 samples

Durham kt algorithm, require 4 jets

Same event, 
two interpretations!
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https://fcc-physics-events.web.cern.ch/fcc-physics-events/FCCee/winter2023/Delphesevents_IDEA.php
https://fcc-physics-events.web.cern.ch/fcc-physics-events/FCCee/winter2023/Delphesevents_IDEA.php
https://indico.cern.ch/event/1173562/contributions/4929025/attachments/2470068/4237859/2022-06-FCC-jets.pdf


Selections

● Use selections from ZH analysis designed for Higgs hadronic coupling measurements: 
Haider Abidi, George Iakovidis, Iza Veliscek [Annecy talk], [MIT talk]:
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Selections

● Use selections from ZH analysis designed for Higgs hadronic coupling measurements: 
Haider Abidi, George Iakovidis, Iza Veliscek [Annecy talk], [MIT talk]:
 

● Njets == 4, <= 2 leptons → Select expected final state particles
● Selections on clustering distance parameter:
● For each jet, tag flavor based on highest ParticleNet flavor score 

among {b, c, s, d, u, g, 𝜏}
○ Ignore events with 4 different flavor tagged jets (small percentage)
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Remove WW Remove ZZ

● 50 < mZjj < 125 GeV, mHjj > 91 GeV → Minimize H/Z faking Z/H

Parameter 
[GeV]2 min max

d12 15000 58000
d23 400 18000
d34 100 6000

https://indico.cern.ch/event/1307378/contributions/5724022/attachments/2791708/4868607/2024_02_01_FCC_Iakovidis%20fullHadronic.pdf
https://indico.mit.edu/event/876/contributions/2869/attachments/1078/1776/ZH%20All%20Had%20%5BFCC%20MIT%20Workshop%5D-2.pdf


Categorization

● Categorize events by pair flavor 
scores with different purity 
categories
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bb, cc, gg ss
Low < 1.1 < 0.8

Medium [1.1, 1.8] [0.8, 1.4]
High > 1.8 > 1.4



Categorization

● Categorize events by pair flavor 
scores with different purity 
categories

● Example: Hbb process reco Higgs 
mass vs. reco Z mass

● Aim to maximize signal over 
background near Higgs, Z mass 
peaks
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bb, cc, gg ss
Low < 1.1 < 0.8

Medium [1.1, 1.8] [0.8, 1.4]
High > 1.8 > 1.4
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Self-coupling scan

● For each 𝜿𝝀 (𝜆 / 𝜆SM) value: 
○ Scale ZH signal strength
○ Compute likelihood

𝜿𝝀 = 𝜆 / 𝜆SM 7



Self-coupling scan

● For each 𝜿𝝀 (𝜆 / 𝜆SM) value: 
○ Scale ZH signal strength
○ Compute likelihood

● Evaluate 1𝜎 constraint on self-coupling 
as intersect points at 1

● Initial result: 𝜿𝝀∊ [0.2, 2.1] at 1𝜎
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Self-coupling scan

● For each 𝜿𝝀 (𝜆 / 𝜆SM) value: 
○ Scale ZH signal strength
○ Compute likelihood

● Evaluate 1𝜎 constraint on self-coupling 
as intersect points at 1

● Initial result: 𝜿𝝀∊ [0.2, 2.1] at 1𝜎

● Expect to improve with additional 
selections, can use as 
benchmark for detector optimization
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Preliminary

SM

𝜿𝝀 = 𝜆 / 𝜆SM

𝜿𝝀

5 ab-1



Summary

● The Higgs self-coupling can be measured indirectly at the 
FCC-ee, hopefully with higher precision than at the HL-LHC

○ This measurement depends on defining a high sensitivity phase space, 
using data from runs at several center-of-mass energies
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Summary

● The Higgs self-coupling can be measured indirectly at the 
FCC-ee, hopefully with higher precision than at the HL-LHC

○ This measurement depends on defining a high sensitivity phase space, 
using data from runs at several center-of-mass energies

● Use Fully-Hadronic ZH process, flavor tagging [ref.],obtains 
expected self-coupling constraint

○ 𝜿𝝀∊ [0.2, 2.1] → To be improved with further selections
○ Will use as benchmark for detector optimization studies
○ Can combine with Z(ℓℓ)H final states for more sensitive result
○ Also investigating optimal jet reclustering method → See Phil’s talk
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https://indico.cern.ch/event/1307378/contributions/5724022/attachments/2791708/4868607/2024_02_01_FCC_Iakovidis%20fullHadronic.pdf
https://indico.mit.edu/event/876/timetable/?view=standard#4-zh-jet-pairing-methods-for-h


Backup
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Exclusive Durham kt algorithm

M. Cacciari, G. Salam G. Soyez
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● Combine low 
energy 
particles with 
neighbors

● Reiterate until 
you reach dcut 
or njets

https://indico.cern.ch/event/1173562/contributions/4929025/attachments/2470068/4237859/2022-06-FCC-jets.pdf


dij distributions from similar analysis

Slide from George Iakovidis:
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https://indico.cern.ch/event/1307378/contributions/5724022/attachments/2791708/4868607/2024_02_01_FCC_Iakovidis%20fullHadronic.pdf


Existing hadronic ZH analysis

● Extensive ZH analysis performed (240 and 365 GeV):
○ FCC physics performance meeting: [17 October 2022 - Nico Härringer]
○ Documented as masters thesis: [CERN-THESIS-2022-143]
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● Targets leptonic and hadronic Z decays, 
inclusive Higgs decays, VBF-H

● Cut based and BDT based analysis 
(depending on production mode / final state)

● Projected FCC-ee results include:
○ Higgs mass measurement 
○ ZH, VBFH production cross-section 

measurements 
○ Self-coupling constraint

𝜿𝝀 constraint - including 240 and 365 GeV categories 
(other parameters fixed to SM values)

https://indico.cern.ch/event/1209932/contributions/5088452/attachments/2529688/4352071/Higgs_self_coupling.pdf
https://cds.cern.ch/record/2835483/files/CERN-THESIS-2022-143.pdf?version=1


Cross section parameterization
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● Cross section 
parameterization as a 
function of kl 

Equations from Nico Härringer’s masters thesis: 
[CERN-THESIS-2022-143]

https://cds.cern.ch/record/2835483/files/CERN-THESIS-2022-143.pdf?version=1


𝜎kl

● ZH(bb) NLO/LO 
cross-section as a function 
of 𝛿(kappa lambda)

● Cross-section falls off, 
leads to changing 
likelihood.
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𝛿(𝜅𝜆) = 1 - 𝜅𝜆 (SM = 0)



● The self-coupling measurement depends on 
measurements of Higgs production cross 
sections and decays to other particles. 

● The κ analysis is expected to reach ~20% 
accuracy [arXiv:1905.03764], while the 
global effective field theory fit will reach 
~30% [arXiv:1711.03978] (in combination 
with HL-LHC projections!)

● The ZH cross section (240 GeV run) is 
most sensitive to changes in the 
self-coupling

○ 365 GeV run is crucial for reducing 
uncertainties!

arXiv:1711.03978

How to measure the Higgs self-coupling 
at the FCC-ee?

https://arxiv.org/abs/1905.03764
https://arxiv.org/abs/1711.03978
https://arxiv.org/abs/1711.03978

