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Key new results of the Higgs/top/EW and 
GLOBal interpretation groups

Summary of HTE and GLOB sessions at the ECFA workshop in Paris
OBO: Karsten Köneke (Goettingen), Chris Hayes (Oxford), Fabio Maltoni (Louvain/Bologna), Jorge de Blas (U. Granada), 
Alexander Grohsjean (DESY), Sven Heinemeyer (IFT Madrid), Junping Tian (U. Tokyo), Marcel Vos (IFIC- CSIC/UV, Valencia)

ECFA Plenary, CERN, 14/11/2024
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Dedicated to the victims of the Valencia flash flood

Image: EFE/Biel Aliño
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Addressing questions beyond previous work (1)

Improving underlying projections: any fit is as good as its inputs
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Higgs to strange coupling

The Higgs-to-strange coupling is hard to measure 

BR(H→ss) = 0.024%

strange tagging requires PID 
(not ATLAS & CMS forte) 

Too hard for the HL-LHC
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Higgs to strange coupling

Can we:
- define a Higgs to strange coupling theoretically?

yes, https://indico.cern.ch/event/1409233/#2-strange-higgs-decays-strong
- control fragmentation systematics? 

yes, Z-pole run is ideal to settle this once and for all
- design a detector with excellent Particle ID?

yes, but PID comes at a prize (→specialized flavour experiment?)
- tag strange quarks? 

yes, ML-based taggers are getting better fast!
- measure the strange quark Yukawa?

yes, sort of, at O(100%) precision

https://indico.cern.ch/event/1409233/#2-strange-higgs-decays-strong


ECFA Higgs/top/EW factory studies ‘24 marcel.vos@ific.uv.es6

The Higgs self-coupling from di-Higgs production

LHC experiments are deploying a huge effort to observe pair production; more 
aggressive HL-LHC projections are appearing (ESPPU ‘19: 50% precision)

<20%!!!

Talk by Bryan Bliewert on the 
ZHH analysis at 500/550 GeV

Also Higgs factory 
projections have a lot of 
room for improvement!!
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The Higgs self-coupling from di-Higgs production

LHC experiments are deploying a huge effort to observe pair production; more 
aggressive HL-LHC projections are appearing (ESPPU ‘19: 50% precision)

Note: FCChh claims to eventually measure the self-coupling to O(5%) precision

<20%!!!

Note: HL-LHC is 
ATLAS bbgg only, 
bbtt, bbbb and 
CMS will help
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Top quark mass from threshold scan
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Preliminary

yt ± 10%
S ± 0.0002
t ± 50 MeV

mt ± 30 MeV
NR-QCD validity

Fast-simulation study in FCCee 
environment, using state-of-the-art tools 

Profile likehood fit, in-situ control of b-
tagging efficiency and background

Statistical uncertainty: < 10 MeV 
with 410/fb over 10 scan points

Theory uncertainty ~40 MeV 
Fit of PS “threshold” mass

Machine-related uncertainties OK
- synchrotron radiation (circular)
- luminosity spectrum (linear)

Talks by Matteo Defranchis and Ankita Mehta  
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Addressing questions beyond previous work (2)

Advancing SMEFT: Global Higgs/EW/top fits at NLO and including RGE evolution 
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Indirect bounds on New Physics: TeraZ vs. top
Composite Higgs scenarios where 3rd generation is special: tR = composite

EW precision at the Z-pole offers stringent bounds 
[Allwicher, Cornella, Isidori, Ben Stefanek, 2311.00020]

The 4-top operator, tested in tttt production, also has two-loop impact on EWPO 
[Stefanek, 2407.09593]

For comparison: bounds from 
e+e- → tt and e+e- → ttH
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Global analysis - Higgs sector

Physics briefing book of previous streategy update: https://arxiv.org/pdf/1910.11775

Global analysis is a 
moving target; 
this fit incluces Higgs/EW 
projections (and some top). 

State-of-the-art has advanced: 
- Higgs/EW/top, Ellis et al. 
- NLO predictions, SMEFiT
- RGE evolution and mixing

Explore the intricate connections among Higgs/EW/top sectors
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SMEFT fits

[Of determining the 
Higgs couplings]

Michael Peskin’s talk

Previous strategy update: Higgs coupling projections in the kappa and EFT framework. 
The next strategy update: EFT only, using fits with linear D6 dependence as baseline.

(my proposal; it led to significant discussion) 

https://indico.in2p3.fr/event/32629/contributions/142542/attachments/87508/132086/SMEFT%20for%20Higgs%20at%20ECFA%202024.pdf
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SMEFiT results (Jaco ter Hoeve)

Higgs/EW/top fits on projections

Results beyond JHEP 09 (2024) 091

Linear-only bounds: quadratic is similar, 
except for qqtt operators 

RGE evolution: small changes, 
except tttt operators 

Todo: eett operators, 
different collider projects
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Fit to the top sector (M.V.)

IFIT/C collaboration fits 
top and bottom operators 

Excellent bounds on 
operators that affect EW 
interactions of the top 
quark

TO DO: finalize fits, 
compare to SMEFiT, 
write paper
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HL-LHC+CLIC

HL-LHC+FCCee+µC 3 TeV

HL-LHC on eett operators:
Quadratic global: O(1)
Linear individual: O(1-10 TeV-2)
Linear global:       O(100 TeV-2)

e+e- colliders on eett operators:
Linear fit, circular machine:           O(1 TeV-2)
Linear fit, linear machine@1-3 TeV      O(10-2 TeV-2)

All e+e- top data is good, high energy data are excellent

250+500+1000
380+1500+3000
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Addressing issues beyond previous work (3)

A global analysis of the Higgs self coupling 
(see focus topic report by Junping Tian)

The Higgs self-coupling is he holy grail of HEP* 

*Georg Weiglein

Johannes Braathen, discussing Inert Doublet Models and Z2SSM
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Higgs self-coupling

Physics briefing book of previous streategy update: https://arxiv.org/pdf/1910.11775

ZH production offers sensitivity to:
- Higgs self-coupling at NLO (McCullough, arXiv:1312.3322)
- other operators at LO (di Via et al., arXiv:1711.03978)
- many other operators at NLO (arXiv:2406.03557, 

        arXiv:2409.11466)
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A truly global analysis of Higgs self-coupling from ZH

Pier Paolo Giardino: calculation of loop effects of top operators on ZH cross 
section, arXiv:2406.03557, arXiv:2409.11466 

Impact of self-coupling Cf ~ 0.01 

Impact of top operators is similar; need to be 
constrained with auxiliary data
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A preliminary answer

Junping Tian, this WORKshop: slight degradation, after FCCee top data are added

If this is confirmed, the 365 GeV run is required for Higgs self-coupling determination
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Summary of the summary

ECFA Higgs/top/EW factory study yields:

- more solid foundations for e+e- prospects: 
Higgs self-coupling, ZH, H→tt, top mass, …  

- new ambitions: 
Higgs-to-strange coupling, differential analysis of ZH angular observables

- a more global view: 
full SMEFT analysis including NLO and RGE evolution

Progress beyond 2019 physics briefing book in all these areas

Check out the original talks here! 

https://indico.in2p3.fr/event/32629/timetable/#20241011.detailed
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Conclusion

People are suprisingly 
passionate about top loops!

Thanks to all speakers and 
attendants very lively sessions


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20

