
María Cepeda

HH in Future Colliders



What I will talk about

Overview
• Studying the Higgs self-coupling through HH and H production is one of the clear goals of the 

program of the future colliders, and it has been covered in depth in many detailed 
presentations before this one :)… including those already shown in the kick-off meetings two 
weeks ago 

• The production of resonant X->hh has also been addressed in past documents, with less 
complete coverage specially in what regards to more exotic BSM models  

• I will give a brief overview on the existing results (starting by current experimental results to set 
the field and then broaching the future prospects) to focus on what areas can be expanded 

• Asked by the conveners to put focus on resonant and BSM 

• Whenever possible, referring to papers & more complete talks 
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What follows is a brief recap from my own point of view.  
Apologies for any omission (not intentional)



Disclaimer
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In reality Caterina’s 
slide summarised the 

situation already…
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HH today (LHC Run2)

x10 SM with 36fb-1 (waiting for full Run2 results) 

LHCP TALK on HH (tomorrow!) LHCP TALK on Self Coupling (tomorrow) LHCP TALK on  HL-LHC (yesterday)

https://indico.cern.ch/event/856696/timetable/?view=standard#145-recent-hh-results-from-atl
https://indico.cern.ch/event/856696/timetable/?view=standard#146-direct-and-indirect-constr
https://indico.cern.ch/event/856696/timetable/?view=standard#204-accessing-hh-at-atlas-and
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HH today (LHC Run2)

LHCP TALK on HH (tomorrow!) LHCP TALK on Self Coupling (tomorrow) LHCP TALK on  HL-LHC (yesterday)

[-3.2, 11.9] (ATLAS)    [-3.5, 14.5] CMS[-5.0(-5.8), 12.0(12.0)] ATLAS    
 [-11.8(-7.1), 18.8(13.6)] CMS

https://indico.cern.ch/event/856696/timetable/?view=standard#145-recent-hh-results-from-atl
https://indico.cern.ch/event/856696/timetable/?view=standard#146-direct-and-indirect-constr
https://indico.cern.ch/event/856696/timetable/?view=standard#204-accessing-hh-at-atlas-and
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HH today (LHC Run2)

Starting to probe VBF HH and C2V 
ttHH?

LHCXSWG benchmark modes 

LHCP TALK on HH (tomorrow!) LHCP TALK on Self Coupling (tomorrow) LHCP TALK on  HL-LHC (yesterday)

https://indico.cern.ch/event/856696/timetable/?view=standard#145-recent-hh-results-from-atl
https://indico.cern.ch/event/856696/timetable/?view=standard#146-direct-and-indirect-constr
https://indico.cern.ch/event/856696/timetable/?view=standard#204-accessing-hh-at-atlas-and


HH & SelfCoupling: the future
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FCC CDR 

Full set of references and proper 
summary both in  

https://arxiv.org/abs/1905.03764 
(ECFA Higgs Document) 

and  

https://arxiv.org/abs/1910.00012 
(HH White paper)

below the HH threshold

ECFA summary presented by 
Christophe in the kickoff meeting

https://arxiv.org/pdf/1901.05897
https://arxiv.org/pdf/1809.10041
https://cds.cern.ch/record/2651294
https://arxiv.org/abs/1905.03764
https://arxiv.org/abs/1910.00012
https://indico.fnal.gov/event/24382/#1-lessons-learned-from-esg
https://indico.fnal.gov/event/24382/#1-lessons-learned-from-esg
https://indico.fnal.gov/event/24382/#1-lessons-learned-from-esg
https://indico.fnal.gov/event/24382/#1-lessons-learned-from-esg
https://indico.fnal.gov/event/24382/#1-lessons-learned-from-esg
https://indico.fnal.gov/event/24382/#1-lessons-learned-from-esg


Higgs ECFA summary  (and refs. therein)

Self Coupling in Future Colliders 
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(* slide stolen from Caterina’s introduction) 

https://arxiv.org/abs/1905.03764


FCC-hh update - new since ECFA

•  δκλ ~2.9-5.5% with 30 ab-1 (10% can be 
achieved with  2-3 ab-1)
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Updates from other future colliders?https://arxiv.org/abs/2004.06122 

https://arxiv.org/abs/2004.06122


Borrowing from Peskin’s talk
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Quartic Higgs Self Coupling?
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Summarized by F.Maltoni, D. 
Pagani in the HH White Paper - 
see references therein 

The first coarse bounds on the value of c8, 
and in turn on λ4, can be set indirectly at 
future e+e- colliders.

(FCC-hh also covered in the HH White 
Paper, see backup)

https://arxiv.org/abs/1910.00012
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Summarized by F.Maltoni, D. Pagani, 
A. Shivaji, X. Zhao in the HH White 
Paper - see references therein

VBF HH and ttHH at FCChh

Summarized by S. Banerjee, F. Krauss, 
M. Spannowsky in the HH White Paper - 
see references therein

https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012
https://arxiv.org/abs/1910.00012
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X->HH today (LHC Run2)

LHCP TALK on BSM Higgs LHCP TALK on X->HH, X->VH  

https://indico.cern.ch/event/856696/timetable/?view=standard#145-recent-hh-results-from-atl
https://indico.cern.ch/event/856696/timetable/?view=standard#159-search-for-heavy-resonance
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A->Zh/H->ZA , h(125)->aa reasonably 
well covered and expanding 

What about X->YH, X->SS, H->aa?

 JHEP 05 (2019) 124  

JHEP 03 (2020) 065 JHEP 03 (2020) 055

arXiv:2005.08694 

LHCP TALK on BSM Higgs LHCP TALK on Exotic Higgs Decays

X->H1H2 (requested by theo ): next 
challenge? 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2016-24/
http://dx.doi.org/10.1007/JHEP03(2020)065
http://dx.doi.org/10.1007/JHEP03(2020)055
http://arxiv.org/abs/2005.08694
https://indico.cern.ch/event/856696/timetable/?view=standard#145-recent-hh-results-from-atl
https://indico.cern.ch/event/856696/timetable/?view=standard#158-searches-for-exotic-higgs
https://indico.cern.ch/event/826136/contributions/3592888/attachments/1928741/3193956/HHBSM_MM_2.pdf


What about X->HH?
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CMS FTR-18-003 

ATL-PHYS-PUB-2018-028 

Boosted 4B prospects at HL-LHC available for both ATLAS and CMS
Other final states?

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-003/index.html
https://cds.cern.ch/record/2646889/


What about X->HH?
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https://doi.org/10.1103/PhysRevD.94.035022 

2016, bbγγ and 4τ 

https://link.springer.com/article/10.1007/JHEP11(2018)144 

What about beyond the HL-LHC ?

https://doi.org/10.1103/PhysRevD.94.035022
https://link.springer.com/article/10.1007/JHEP11(2018)144
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2HDM ‘Higgs to Higgs’ Decays
Extrapolation of ATLAS’ A->ZH (llbb) 

How much can / should the coverage 
be expanded?

arXiv:1902.00134
K. Mimasu, J.M. No

What about X->H1H2 ? 

https://arxiv.org/abs/1902.00134


ECFA Briefing Book

Extended Higgs Sector
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Beyond HH but still within EF02… 

https://arxiv.org/abs/1910.11775


ECFA Briefing Book
Extended Higgs Sector
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Beyond HH but still within EF02… 

https://arxiv.org/abs/1910.11775


Where to expand?
• HH and self coupling well covered in the past years. What is missing? 

• Updates? Example, FCC-hh new prospects, what about the other colliders ? 

• VBF / c2v ? ttHH ? 

• Single Higgs + HH combination - exploit kinematics ? 

• Can we go beyond the trilinear ?  

• Resonant HH is not covered uniformly and X->H1H2 very unexplored  

• Large phase-space that can be probed, but not necessarily all areas interesting. Cross-coverage by 
different search modes-> what is left open now and what will be still open at the end of the LHC? 

• Guidance from the theoretical community on where to explore critical   
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Backup
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Quartic Higgs Self Coupling at FCChh

Summarized by F.Maltoni, D. 
Pagani, A. Shivaji, X. Zhao in the 
HH White Paper (see references 
therein)

https://arxiv.org/abs/1910.00012
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h->aa?

CMS FTR-18-035 

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-035/index.html
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MSSM

CMS FTR-18-040 

CMS FTR-18-037 (also ATLAS in YR) 

arXiv:1902.00134
T. Stefaniak et al

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-040/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-037/index.html
https://arxiv.org/abs/1902.00134


Extended Sectors Talk by P. Roloff in Granada 

https://indico.cern.ch/event/808335/contributions/3371912/attachments/1843766/3024194/granada_symposium_roloff.pdf


Extended Sectors Talk by P. Roloff in Granada 

https://indico.cern.ch/event/808335/contributions/3371912/attachments/1843766/3024194/granada_symposium_roloff.pdf

