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A flavor scenario to give rise three families 
Spacetime as a topological insulator ,David B kaplan and S.S, highlighted in an APS 
Physics Synopsis.

 “3”, fermion generation number as Chern-
number

 Same universal physics behind:
  Domain wall fermion
  Quantum Hall effect
/topological insulator
 Chiral fermion in lattice simulation
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A flavor scenario to give rise three 
families II
 Three zero mode stuck at one “brane”With different profile.
 Could be implemented into RS. Might having some trouble
 with gauge field.
 Could also put it on a discretized Z2 orbifold. 
 Topology in momentum space----need UV completion 

 eg: ABJM theory, full string theory
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Flavor puzzle in standard 
model:
 hierarchical structure in flavor parameters

 flavor changing neutral currents (FCNC)

 There is another Hierarchical problem in SM, 
Higgs hierarchy….
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Deconstruction Arkani-Hamed, Cohen, Georgi / Hill, Pokorski, 
Wang (2001)

  N.Arkani-Hamed,A.G.Cohen,H.Georgi Phys.Rev.Lett. 86 (2001) 4757-4761
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 link field could be parameterized as below, 
protected by large globe symmetry:
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Deconstruction and Little Higgs

 Composite Higgs     Kaplan, Georgi, (1984)
 Deconstruction      Arkani-Hamed, Cohen, Georgi / Hill, 

Pokorski, Wang (2001)
  Little Higgs     Arkani-Hamed, Cohen, Katz, Gregoire, 

A.N., Wacker (2002)
 A latticized, compact new dimension= 4D model 

with non linear sigma model + product gauge 
group G×G×..

  Higgs models with no n-loop quadratic 
divergences n arbitrarily large, although n=1 is 
“good enough” since there is a cutoff at scale Λ~ 
4 πf
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Combining little higgs
 with flavor model?
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3 massless families :
 Integrate out the vector-like 
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Normal “little Higgs” Mechanism
Plus different generations mainly live on different cells, to 
explain flavor.
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 Direct detection of Z’(750 GeV) or Z’’(1.4 TeV)?
  Production rate of Z’ is down by 10^-3 compared to Z-like 

couplings

   • Production rate of Z’’ is down by 5 x10^-3 compared to Z-like 
couplings (Benefited from Moose of LH, delocalization of fermion and 
gauge boson.) (Far from ruled out.)

• Both RH and LH flavor off-diagonal coupling. (possible explanation for 
LHCb anomaly result, without running into constraint of BBbar mixing)

• Leptonic partial width not computable in this model (paper working in 
progress)
• No flavor-off diagonal Higgs coupling (Unusual in vector like extra 
quark model! )
• RH W coupling give rise to 4% correction to b->sgamma matrix 
element.

Friday, August 30, 13



Take home message from “Little flavor”
 NO BSM finding LHC @current energy scale:might imply that 

nature is a little bit UNUSUAL, e.g:The possible same origin of 
FLAVOR physics and EW symmetry breaking !

 A brand new model building direction: intertwining two sub-
fields..

 Benefits for both side of theories:
 Bring down the scale of flavor theory without running into 

constraint of FCNC (“breaking of collective Flavor 
symmetry”)

  less find-tuning, looking better for EW precision 
constraint, etc, comparing to normal LH theory.

 How seriously are we taking a SUSY alternative?
 fermion partner vs fermion
 Higgs partner “PGB pions”
 Global symmetry vs supersymmetry

22
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More development since then:
 Bad radiative correction to fermion masses: 
Enlarging Gb to SU(2) x SU(2) to delay radiative 
correction from gauge bosons at two-loops
 Include leptons:  Neutrino see-saw from lepton 

partners.
 Explore collider phenomenology:  Top-partner decay 

to higgs-like “pions”.
 Theory of U(3) symmetry breaking : mass/angle 

predictions, neutrinos might have large flavor 
violation process beyond PMNS matrix

 more sophisticated extra-dimension model, related to 
string compactification.
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