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● The Standard Model (SM) is most successful theory to incorporate the dynamics of
sub-atomic particle

● Universal seesaw model (USM) → applies a seesaw-like mechanism to explain the fermion
mass hierarchy → Our focus: quark mass hierarchy

● USM introduces: 

● Neutrino mass and fermion mass hierarchy

➢ An additional gauge group,             with the corresponding Higgs doublet 

➢ Vector-like quark (VLQ) whose mass parameter plays role in the seesaw-like mechanism
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Table 1. Quark mass and their corresponding Yukawa coupling  

[PDG]

● The up quark Yukawa coupling can be explained
by following approximation formula:

● The tree-level quark mass

Mass parameter of up VLQ partner

● How about the top quark?
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TM, T. Satou, M.N. Rebelo, and M. Tanimoto, PLB 410 233-240 (1997)

Y. Koide and H. Fusaoka, Z Phys.C 71 459-468 (1996)

● Our research: 

Y. Kiyo, TM, P. Parada, M.N. Rebelo, and M. Tanimoto, PTP 101 233-240 (1999)
Approximation of mass eigenvalues

➢ Study the third family quark mass hierarchy (top and bottom quarks) in the massless
case of the first and second generation 

➢ Find the VLQ mass parameters  (MT and MB) using the current experimental data
and using the exact mass eigenvalues

➢ Investigate the phenomenology implications → FCNCs process within this model

● In the SM, Flavor-changing neutral currents (FCNCs) are absent at the tree-level 

● In the USM, FCNCs exist even at the tree-level → suppressed   
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Bottom quark and heavy bottom quark:

TM, A.S.Adam, Y.Kawamura, AHP, Y.Shimizu, and K.Yamamoto, J.Phys.Conf.Ser.2446 012046 (2023)
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Higgs bosons

Nambu-Goldstone bosons

Neutral gauge bosons

WL boson

WR boson
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Summary

● We have presented the quark sector of universal seesaw model in the massless case
of two lightest quark families

● We confirmed that the hierarchy of VLQ’s mass parameters,    , and  

● We have shown that the Z-boson mediated FCNC process is suppressed for both
(up and down) sectors

● On the other hand, the Higgs mediated FCNC of                 is not suppressed when
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where,

46 / 51



  

Higgs Sector Lagrangian
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of the Z bosons, Higgs bosons and Nambu-Goldstone bosons,
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