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Group organization
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New triple-H subgroup with 
conveners Benjamin Fuks 
(theory), Greg Landsberg (CMS) 
and William Balunas (ATLAS)

Many thanks to Javier, Maggie, and 
Stefano for leading the group!



WG4 activities in 2024
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● Update recommendations for 13 TeV

○ VBF HH with NLO EW corrections

○ ggHH with fixed Powheg bug + update PDF set

● Cross section recommendations for 13.6 TeV

● ggHH: work ongoing for recommendations on NLO EW corrections, 
on top mass scheme uncertainties

+  HH generator accounting for quartic coupling effects

https://indico.cern.ch/event/1375255/contributions/5819907/attachments/2805412/4895234/rottoli_quartic_HXWG_2024.pdf


Kickoff effort for CERN report 5
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https://makeameme.org/meme/you-can-either-bb8caa0647


Ramping up triple-Higgs effort
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● HHH connected to Higgs potential, phase 
transition, universe evolution
○ Theory motivations, benchmarks in T. 

Robens talk (and HHH white paper)

● EW phase-transition scenarios enhancing 
HHH in O. Karkout talk 

● First search results in W. Balunas talk

Constraints on (k3, k4) from 
search for nonresonant HHH 

Constraints on resonant HHH 
production in TRSM benchmark

https://indico.cern.ch/event/1389221/contributions/6226818/attachments/2980433/5248267/robens_hhh.pdf
https://indico.cern.ch/event/1389221/contributions/6226818/attachments/2980433/5248267/robens_hhh.pdf
https://indico.cern.ch/event/1389221/contributions/6226820/attachments/2980897/5248640/EWSB_HHH_CERN.pdf
https://indico.cern.ch/event/1389221/contributions/6226817/attachments/2980751/5248199/hhh-atlas.pdf


Ramping up triple-Higgs effort
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● HHH connected to Higgs potential, phase 
transition, universe evolution
○ Theory motivations, benchmarks in T. 

Robens talk (and HHH white paper)

● EW phase-transition scenarios enhancing 
HHH in O. Karkout talk 

● First search results in W. Balunas talk

Constraints on (k3, k4) from 
search for nonresonant HHH 

Constraints on resonant HHH 
production in TRSM benchmark

Comments/suggestions from theory community
● Theory predictions for nonresonant HHH at 13.6 TeV
● Interpret experimental searches in other TRSM benchmarks 

Already homework for HHH subgroup :) 

https://indico.cern.ch/event/1389221/contributions/6226818/attachments/2980433/5248267/robens_hhh.pdf
https://indico.cern.ch/event/1389221/contributions/6226818/attachments/2980433/5248267/robens_hhh.pdf
https://indico.cern.ch/event/1389221/contributions/6226820/attachments/2980897/5248640/EWSB_HHH_CERN.pdf
https://indico.cern.ch/event/1389221/contributions/6226817/attachments/2980751/5248199/hhh-atlas.pdf


Recent results from CMS and ATLAS
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From ATLAS substantial improvements 
of searches in Run 2 data

From CMS Run 2 HH comb

and extend 
parameter 
space probed 
by resonant 
HH searches  

see T. Lange talk 
and A. Ruiz talk

https://indico.cern.ch/event/1389221/contributions/6195710/attachments/2981902/5250502/LHCHWG.pdf
https://indico.cern.ch/event/1389221/contributions/6195709/attachments/2981766/5250232/ARuiz_LHCHWG2024.pdf


Perspectives for HL-LHC

8

Discovery significance vs integrated 
lumi for ATLAS HH(bbττ) channel

Discovery significance vs integrated 
lumi for CMS HH combination

kλ likelihood scan for the CMS HH 
combination

● Evidence around 1.5 ab-1

● Discovery combining CMS and 
ATLAS searches

● ~50% precision on kλ from single 
experiment 



Developments in VBF HH simulation
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NLOQCD/LO k-factor vs cλ, cV, or c2VParametrization of VBF HH XS vs (cλ, cV, c2V) 

VBF HH predictions at NLO QCD in HEFT framework in Jens Braun talk 

Work in progress for implementation in POWHEG → see S. Reinhardt talk

https://indico.cern.ch/event/1389221/contributions/6226824/attachments/2980512/5247886/VBF_HH_HEFT_LHCHWG.pdf
https://indico.cern.ch/event/1389221/contributions/6195711/attachments/2980787/5248272/VBFHH_with_POWHEG.pdf


NLO EW corrections to ggF HH production
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Heinrich et al:2407.04653
Bi et al:2311.16963

● Substantial corrections especially at the threshold

Huai-Min Yu talk 

https://indico.cern.ch/event/1389221/contributions/6195712/attachments/2981243/5249194/gg2HH_CERN.pdf


Resonant HH: interference & high-order corrections
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● Resonant and nonresonant HH production in general do not factorize

From K.Radchenko talk

Explicit implementation in 
singlet model via 

event-reweighting tool

arxiv:2409.06651 

https://indico.cern.ch/event/1389221/contributions/6195713/attachments/2981797/5250371/LHCHWG21_Radchenko.pdf
https://arxiv.org/pdf/2409.06651


Save the date for the HH workshop
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Link to indico 

https://indico.cern.ch/event/1399335/overview

