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The Higgs as a Portal to New Physics

Two (complementary) aspects:


• Learning about BSM physics from measuring the SM 
Higgs couplings


• Searching for new signals with additional Higgs bosons / 
new scalars

Inextricably related with EF01!

Important to consider these 
aspects together!
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What don’t we know about the SM Higgs?
Lots of room for more precision in all the Higgs couplings, but 
two gaping holes:
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Higgs potential (self-coupling) Light flavor Yukawas

Extended scalar sectors 
EW phase transition 

Baryogenesis 
Hierarchy Problem 

… 
… 

Flavor Puzzle 
Strong CP Problem 

Baryogenesis 
Extended scalar sectors 

… 
…
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Di-Higgs Production — the Self-Coupling
HL-LHC prospects on :λhhh

(Note: huge improvement already 
compared to Snowmass 2013 projections!)

[1902.00134]

What is our BSM theory target?

• Can we exclude models with first-order 

EW phase transitions?


• Unitarity arguments connect deviations 
to scale of new physics  
(see e.g., Spencer Chang’s EF02 talk)


• Large deviations typically involve 
models with new scalars 
(see e.g., Sven Heinemeyer’s EF02 talk)

https://arxiv.org/abs/1902.00134
https://indico.fnal.gov/event/44015/
https://indico.fnal.gov/event/44015/#6-triple-higgs-and-2hdm
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Di-Higgs Production — the Self-Coupling
Future colliders needed! 

Possibilities at a High-Energy Muon 
Collider? 
(see e.g., Mauro Chiesa’s EF02 talk)

[1910.00012]

https://indico.fnal.gov/event/44015/contributions/189610/attachments/130429/158925/h4-chiesa-2020.pdf
https://arxiv.org/abs/1910.00012
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Di-Higgs Production — Experimental 
Improvements?

Still lots of room for improvement in boosted hadronic channels!

See Javier Duarte's Talk from joint 
EF01/EF02 discussion last May + 
EF02 talk last Fall

New Higgs Tagging Approaches for 
boosted, large radius Higgs jets

[2004.08262]

https://indico.fnal.gov/event/43278/
https://indico.fnal.gov/event/45230/contributions/195929/attachments/133888/165372/EF02_FlavorTagging_3Sept2020.pdf
http://www.arxiv.org/abs/2004.08262
https://arxiv.org/abs/2004.08262
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Higgs and Flavor
Higgs coupling-mass 
relationship well fit for the 
third generation

• What kind of theories predict large 
(observable?) enhancements?


• What about bounds on flavor-
violating decays?


• How feasible are measurements 
of light flavor in the future?

First and second 
generation quark Yukawas 
almost completely 
unconstrained!
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Higgs and Flavor — Theory Targets
New theory ideas: large enhancements of the Higgs 
Yukawas possible in models with flavor alignment  
(D. Egaña, SH, P. Meade, 1908.11376, 2101.04119)
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• Lead to interesting 
signatures from new states


• Straightforward extension to 
models of baryogenesis 
(see Davoudiasl et al., 2103.12089)


•  enhancements to 
strange also possible!
!(30)

See also D. Tuckler’s EF02 talk for ideas 
leading to flavor-violating Higgs decays

https://arxiv.org/abs/2103.12089
https://indico.fnal.gov/event/44835/#4-constraints-on-flavorful-two


Samuel Homiller — shomiller@g.harvard.edu Snowmass Day: EF02 Highlights 9

Higgs and Flavor — Tagging Prospects

(Yuichiro Nakai, EF02 Meeting + [2003.09517])

Is is possible to tag all different flavor jets?

What about  
strange tagging?

See also Valentina Cairo’s Talk in EF01 for prospects at ILC

https://indico.fnal.gov/event/44835/contributions/193561/attachments/132592/163045/StrangeTagV10.pdf
https://arxiv.org/abs/2003.09517
https://indico.fnal.gov/event/49922/#7-higgs-strange-coupling-at-il
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Summary
Lots of other interesting studies and results that I don’t have 
time to talk about!


A few takeaways:

• We still need to measure the self-coupling and light flavor 

to “complete” the SM

• New ideas from theory on large Yukawas, di-Higgs production, 

and flavor-violating decays


• Exciting improvements in prospects on light- and heavy-flavor 
tagging


• Ultimately need future colliders — lots of interesting 
options, each with strengths/weaknesses!

• What are the ideas from BSM physics motivating our targets for 

Higgs precision?


