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Naturalness

Hierarchy:  100 GeV                           10^16 -10^19 GeV.  (  SUSY? ) 
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No explicit BSM signal 



Naturalness

Little Hierarchy :  100 GeV                             5,000-10,000 GeV   
( Mirror Twin Higgs, Composite … 

)
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Naturalness of the Higgs mass

6
Naturalness problem 



Naturalness of the Higgs mass
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Naturalness problem 



CHM: Composite Higgs models

• Consider some strongly interacting dynamics at scale, 𝑓 (~ TeV )

• Higgs appears as spin-0 bound state of said dynamics (finite 
size)

• Loop integrals are 
cut off at scale 𝑓
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CHM: Composite Higgs models

v Higgs is a pseudo Nambu-Goldstone boson (as pions in QCD)

v SM particles get masses by mixing with their partners in the 

composite sector

vTeV-scale composite resonances
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M4DCHM: Minimal 4D CHM
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M4DCHM: Minimal 4D CHM with

• Quarks are embedded in (5 − 5 − 5) ; Leptons in (14 − 10) and (5 − 5)

• Constraints
• SM masses, EW precision observables, Z boson decay ratios, Higgs signal 

strengths
• LHC fermion partner bounds
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partially 
composite 
leptons



MTH: study method
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MTH: study method

• Nested sampling (PolyChord) allows efficient exploration of param 
space
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• Log-spaced priors (Flash subset of table of
• Likelihood is taken to be Gaussian in observables
• Lots of parameters to scan over

• Only 3rd generation fermions couple to composite sector



MTH: study method
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Results

30

test



Results

16



Results

test
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Results

• Both scans are convergent
• Model with leptons in 14 − 10 is a better fit from a Bayesian 

perspective
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Results : Direct detection 
• As a product of these scans, we can 

then look at their phenomenological 
signatures
• Each model has a number of heavy 

quark and lepton partners
• We can try and look for these at the 

LHC
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• Another avenue is Higgs signal 
strengths (gluon fusion)

• Sensitive to modifications of Higgs 
couplings to SM

• gauge bosons and fermions, loop
contributions from composite   
resonances
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Results : 
Indirect detection 



Conclusion
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Scans of lepton-inclusive MCHMs are convergent
Both models satisfy all imposed experimental constraints
But 14 − 10 is a better Bayesian fit than 5 − 5

SM partners are generally too heavy to be seen, even at HL-LHC
Best shot is indirect tests via Higgs signal strengths
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• https://indico.itp.ac.cn/event/288/

https://indico.itp.ac.cn/event/288/


Thanks for your attention
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MTH: study method
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