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AN EXTENDED HIGGS SECTOR
• Compared to fermion and gauge sectors, the scalar sector 

is less explored experimentally. 

• Other than usual symmetries, no guiding principles in 
constructing the scalar sector: 
➠ representations of scalar bosons 
➠ numbers of scalar bosons 
➠ extra symmetries (continuous/discrete) 
➠ required by new physics  
        (neutrino mass, DM, EWBG, SUSY, etc) 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cf. 3 generations of fermions  
and 3 gauge interactions

Study of predictions and constraints of 
models with an extended Higgs sector



PHENO 2018, PittsburghCheng-Wei Chiang, National Taiwan University

PROBING HIGGS SECTOR 
• Two ways to probe an extended Higgs sector: 

• Direct search: to discover additional Higgs bosons that 
contribute to EWSB; and 

• Indirect search: to find deviations from SM in 
observables/quantities related to the 125-GeV Higgs 
boson (h). 

• So far, no additional Higgs boson has been discovered at 
the LHC. 
➠ making the indirect search more appealing  
➠ Higgs couplings at loop level
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MOTIVATIONS FOR GM MODEL
• With the introduction of a complex Higgs triplet field Δ, one 

can give Majorana mass to LH neutrinos.
• Relevant Yukawa interactions:
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MOTIVATIONS FOR GM MODEL
• The model realizes the minimal Higgs sector containing 

isospin triplet fields while maintaining custodial symmetry.
• The most general Higgs potential allowed by gauge and 

Lorentz symmetries: 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FEATURES OF GM MODEL
• A large triplet VEV vΔ is allowed. 
➠ focus on vΔ ~ O(GeV) regime
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VACUUM EXPECTATION VALUES
• The VEV’s are subject to the constraint 
 
 
with two mixing-angle definitions seen in the literature: 
 
 

• One could attribute EWSB entirely to vΔ (≃ 87 GeV) while 
keeping vφ = 0.

• Perturbativity of top Yukawa coupling demands  
vΔ ≲ 80 GeV. 
➠ other constraints later

Georgi, Machacek 1985
Chanowitz, Golden 1985
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FEATURES OF GM MODEL
• A large triplet VEV vΔ is allowed. 
➠ focus on vΔ ~ O(GeV) regime

• There exists a doubly-charged Higgs boson that can lead 
to like-sign LNV and possibly even LFV processes at tree 
level. 
➠ providing a link between neutrino and LHC physics
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HIGGS SPECTRUM

•
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FEATURES OF GM MODEL
• A large triplet VEV vΔ is allowed. 
➠ focus on vΔ ~ O(GeV) regime

• There exists a doubly-charged Higgs boson that can lead 
to like-sign LNV and possibly even LFV processes at tree 
level. 
➠ providing a link between neutrino and LHC physics

• The SM-like Higgs can possibly have stronger/weaker 
couplings with weak bosons (simplest model for this).
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NEUTRAL HIGGS COUPLINGS
• Coupling scale factors (V = W,Z; F = quarks) at tree level:
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FEATURES OF GM MODEL
• A large triplet VEV vΔ is allowed. 
➠ focus on vΔ ~ O(GeV) regime

• There exists a doubly-charged Higgs boson that can lead 
to like-sign LNV and possibly even LFV processes at tree 
level. 
➠ providing a link between neutrino and LHC physics

• The SM-like Higgs can possibly have stronger/weaker 
couplings with weak bosons (simplest model for this).

• There exists a H5±W∓Z vertex at tree level through mixing 
and proportional to vΔ. 
➠ cf. loop-induced in models such as 2HDM

• The Higgs decay pattern is mainly controlled by vΔ and 
mass hierarchy.

 12



PHENO 2018, PittsburghCheng-Wei Chiang, National Taiwan University

HIGGS DECAY PATTERN
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EXPECTED COUPLING PRECISION
• All Higgs couplings will be determined by HL-LHC + ILC to 

O(1) or sub percent level (particularly hVV couplings). 
➠ need to know radiative corrections

 14
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CUSTODIAL HIGGS MODELS
• Couplings of h are modified by exotic Higgs fields due to 

their EW charges and mixing with ΦSM.
• At tree level, their hVV couplings satisfy 

• Three simplest custodial Higgs models:
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RADIATIVE CORRECTIONS
• Radiative corrections can lead to at least two effects:

• changes in the magnitudes of various couplings
• deviations from tree-level relations among couplings
due to various custodial symmetry breaking parameters 
(couplings, masses).

• Want to know how big quantum corrections are.
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RENORMALIZATION
• Independent counter terms in the model:
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RENORMALIZATION
• In addition to the renormalization conditions in the SM to 

get physical GF, mZ, and αEM, the GM model allows one 
additional condition, which we take to make  
 
 
 
 
 
equal to zero or its experimental value.

• Use the on-shell scheme to fix other counter terms.
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hVV COUPLINGS
• In general, the renormalized hVμVν vertices can be 

decomposed as 
 
 
where the last two form factors start to appear at 1-loop 
level from 1-particle irreducible (1PI) diagram 
contributions, while the first form factor of interest to us 
 
 
has contributions from the tree-level coupling, 1PI 
diagrams, and counter terms. 
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ΚZ AND ΚW
• hVV scale factors at 1-loop with momentum dependence 

are defined as: 
 

• At 1σ, κW,Z are (will be) determined to be  
 
 
 
 

• Radiative corrections in SM:
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1-LOOP RESULTS
• Lighter dots satisfy theoretical  

constraints (unitarity, stability,  
perturbativity, and oblique  
parameters [S and T]).

• Darker dots further satisfy  
Higgs data from LHC Run-I  
(20 channels).

• Other types of 2HDM are  
expected to have a similar  
result as 2HDM-I.

• It is possible to discriminate  
among the rHSM, 2HDMs  
and GM model.
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1-LOOP RESULTS
• Same parameter sets in the  

two plots, only different in p.
• Green dots change little after  

imposing the Higgs data, while  
2HDM and GM dots shrink  
significantly.

• GM prefers κZ ∈ [0.88,1.12],  
while the others have  
κZ ∈ [0.8,1.0].

• ΔκV may be observable.
• 250-GeV ILC is better than  

500-GeV in distinguishing  
rHSM and 2HDM-I.
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DISTRIBUTION ON (α,vΔ) PLANE

• Larger values of κZ are obtained in the upper-left region.
• The result does not change much when p2 = 500 GeV
• |∆κV | does not depend much on v∆ and α. 23
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DISTRIBUTION ON (α,vΔ) PLANE

• Behaviors of κb (κτ) and κt are virtually the same.
• In contrast to the κZ case, κb becomes smaller when |α| 

becomes larger. 
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DISTRIBUTION ON (α,vΔ) PLANE
• While the variations from the  

SM predictions are typically  
≲ 10% for κZ, κb and κt, the  
magnitude of the deviation in  
the hhh coupling, i.e., κh −1,  
can be at a few 100% level. 
➠ large quantum corrections  
for hhh coupling

• In addition, κh does not  
depend much on α and v∆ as  
compared to others.
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ΚZ VS Κτ  /  ΚZ VS Κh
• Some shifting between  

two plots.
• Range of κτ gets more  

restricted for larger κZ.
• At κZ ≃ 1.13, κτ ≃ 0.95. 

• Most of κh values are  
predicted to be 1 to 5,  
though sometimes of  
O(10).

• Possible range of κh is  
restricted for larger κZ.

• Some κh are predicted less than 1 or even negative.
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SUMMARY
• We have done 1-loop radiative corrections to the Higgs couplings 

in the GM model, a model featured in giving Majorana mass and 
possibly large hVV couplings.

• Theoretical (unitarity, stability, perturbativity, and oblique 
parameters) and experimental (Higgs signal strengths) constraints 
have been imposed to find viable parameter spaces.

• We have presented numerical results for the hVV couplings in the 
rHSM, 2HDM-I and GM models at 250-GeV and 500-GeV ILC, 
showing power to discriminate among the models.

• We have also presented the results of hff and hhh couplings in 
the GM model, showing their correlations among themselves and 
with hVV and the momentum dependence of these couplings.
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Thank You!
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Backup Slides
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SOME BENCHMARK POINTS

• BP1,3,5 (BP2,4,6) are chosen such that predictions of 
one-loop corrected scale factors are close to (far from) the 
tree-level predictions for vΔ = 10, 20, 30 GeV, respectively.
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MOMENTUM DEPENDENCE
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