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Motivation I
Higgs self-coupling as key part of physics case for e+e- collisions at >= 500 GeV 

Basic argument of circular collider 
community:


• don’t need ECM > 350 GeV 
since FCChh will do much 
better on Higgs self-coupling 
than high-E e+e-


As we all know, this is comparing 
apples vs bananas:


• fast sim of a detector one 
doesn’t know how to build  
vs  
ILD full sim from 10 years ago!
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Figure 11. Sensitivity at 68% probability on the Higgs cubic self-coupling at the various FCs. All values reported correspond
to a simplified combination of the considered collider with HL-LHC. Only numbers for Method (1), i.e. "di-H excl.",
corresponding to the results given by the future collider collaborations, and for Method (4), i.e. "single-H glob." are shown (the
results for Method (3) are reported in parenthesis). For Method (4) we report the results computed by the Higgs@FC working
group. For the leptonic colliders, the runs are considered in sequence. For the colliders with

p
s . 400 GeV, Method (1) cannot

be used, hence the dash signs. Due to the lack of results available for the ep cross section in SMEFT, we do not present any
result for LHeC nor HE-LHeC, and only results with Method (1) for FCC-eh.

improve the precision by about two orders of magnitude, to a 1-2%. For the strange quarks the constraints are about 5-10⇥
the SM value while for the first generation it ranges between 100-600⇥ the SM value. For the latter, future colliders could
improve the limits obtained at the HL-LHC by about a factor of two. For HL-LHC, HE-LHC and LHeC, the determination of
BRunt relies on assuming kV  1. For kg , kZg and kµ the lepton colliders do not significantly improve the precision compared
to HL-LHC but the higher energy hadron colliders, HE-LHC and FCChh, achieve improvements of factor of 2-3 and 5-10,
respectively, in these couplings.

For the electron Yukawa coupling, the current limit ke < 611 [78] is based on the direct search for H ! e+e�. A preliminary
study at the FCC-ee [79] has assessed the reach of a dedicated run at

p
s = mH . At this energy the cross section for e+e� ! H

is 1.64 fb, which reduces to 0.3 with an energy spread equal to the SM Higgs width. According to the study, with 2 ab�1 per
year achievable with an energy spread of 6 MeV, a significance of 0.4 standard deviations could be achieved, equivalent to an
upper limit of 2.5 times the SM value, while the SM sensitivity would be reached in a five year run.

While the limits quoted on kc from hadron colliders (see Table 13) have been obtained indirectly, we mention that progress
in inclusive direct searches for H ! cc̄ at the LHC has been reported from ATLAS together with a projection for the HL-LHC.

Table 13. Upper bounds on the ki for u, d, s and c (at hadron colliders) at 95% CL, obtained from the upper bounds on BRunt
in the kappa-3 scenario.

HL-LHC +LHeC +HE-LHC +ILC500 +CLIC3000 +CEPC +FCC-ee240 +FCC-ee/eh/hh
ku 560. 320. 430. 330. 430. 290. 310. 280.
kd 260. 150. 200. 160. 200. 140. 140. 130.
ks 13. 7.3 9.9 7.5 9.9 6.7 7. 6.4
kc 1.2 0.87 measured directly

36/75
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Motivation II
Some estimated (relative) improvements since PhD thesis of Claude Dürig 
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Motivation III
C3 decided for 550 GeV & IDT will cost ILC 250 / 350 / 550 (!)

• known since long:  
ttH strongly prefers ECM larger than 500 GeV


• impact on ZHH less clear:

• cross-section rises 
• but relative sensitivity to λ drops 

(i.e. cross-section growth from diagrams not depending λ)

• higher boost: facilitates b-tagging, jet clustering ? 
• is there an optimum?


=> need to try out!

σttH  
|Δyt/yt | 

6.3%

2%
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The Proposal - from fall 2021 
Overview

• event generation:

• start with only “ZHH” and “ZZH” (as usual each Z decay mode, separated into qq, ll, ee, vv)

• 3 ECMs: 500 GeV, 550 GeV, 600 GeV

• for aim ~ 2x the statistics Claude had (per ECM) => ~6 M events per ECM, i.e. 18M total


• sim/rec:

• start with 500 GeV (for comparison to Claude approx. compatibility with IDR samples

• eventually also 550 or 600 GeV, t.b.d. after generator-level (or SGV-level?) comparisons
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ZHH and ZZH @ 500 / 550 / 600 GeV
produced 2022/23 - compared by Julie Torndal, cf her presentation at EPS-HEP2023

https://indico.desy.de/event/34916/contributions/147294/
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c (sigma-tot-only)  
changes from 
 1.9 @500 GeV 

to  
1.95 @550 GeV 
=> minor effect

https://indico.desy.de/event/34916/contributions/147294/
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More analysis improvements
from 2023/24 - by Bryan Bliewert, cf his recent presentation at ECFA Hself Focus Meeting  
https://indico.cern.ch/event/1413943/
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need proper modeling of detector transfer function  
=> not yet conclusive / practical 

but could even at this level be useful input to  
classifier

https://indico.cern.ch/event/1413943/


The Proposal - from fall 2021 - to today
Overview

• event generation:

• start with only “ZHH” and “ZZH” (as usual each Z decay mode, separated into qq, ll, ee, vv)

• 3 ECMs: 500 GeV, 550 GeV, 600 GeV

• for aim ~ 2x the statistics Claude had (per ECM) => ~6 M events per ECM, i.e. 18M total


• sim/rec:

• start with 500 GeV (for comparison to Claude approx. compatibility with IDR samples

• eventually also 550 or 600 GeV, t.b.d. after generator-level (or SGV-level?) comparisons


• other relevant SM backgrounds  
=> request later at least for one ECM, t.b.d. together with eg tt and ttH analysers:


• 6f with at least 2 b’s, i.e. “ZZZ” / “tt” / “ZWW”

• 4f with at least 2 b’s, i.e. “bbbb”, “vvbb”, “eebb”, “llbb”   (can 2f, aa, ae, … be safely ignored?)

• ttH / ttZ / ttg (g -> bb)


• possibly all with cut on m(bb) > 45 (?) GeV 

• Ok for ttH - but not useful for tt analyses? 

• Reduction in #evts worth it? 
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Our C3 guest members  
(Caterina Vernieri and Dmitri Ntounis) 
offer to contribute to the production 

=> to discuss with Generator & Production Conveners: HOW



Next steps
Overview

• verify that 2f, aa, ea, … are irrelevant (based on IDR 500 GeV samples) -> Bryan


• train Dmitri on running Whizard in production system compatible way -> Mikael


• 4f / 6f: do-able with restrictions to at least on bbar pair? #evts with and without invariant mass cut? -> 
Mikael / Junping


• ttH / ttZ / tt(g->bb) do-able? -> Junping 


• initially: pass all through SGV 


• full sim/rec to be decided together with production team, depending on #evts, support from C3, 
priorisation in production system, …

9| Proposal for ZHH @ 550 GeV| J. List, ILD Software & Analysis Meeting, June 5 2024



Next steps
Overview

• verify that 2f, aa, ea, … are irrelevant (based on IDR 500 GeV samples) -> Bryan


• train Dmitri on running Whizard in production system compatible way -> Mikael


• 4f / 6f: do-able with restrictions to at least on bbar pair? #evts with and without invariant mass cut? -> 
Mikael / Junping


• ttH / ttZ / tt(g->bb) do-able? -> Junping 


• initially: pass all through SGV 


• full sim/rec to be decided together with production team, depending on #evts, support from C3, 
priorisation in production system, …

9| Proposal for ZHH @ 550 GeV| J. List, ILD Software & Analysis Meeting, June 5 2024

Outlook on mid-term schedule


• provide up-to-date 550 GeV self-coupling projection for EPPSU 
(person power: Bryan + Dimitri  as of now, Julie from ~October - anybody else interested?) 


• preview on analysis at ECFA WS in October


• status update at LCWS


• obviously this is very tight, but we’re not starting from zero, and this is important


