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Little Higgs Models 

 Little Higgs extensions of SM 

are characterized by expanded 

weak sectors and breaking 

scale f 

 Product groups provide 

several groups within a 

larger group 

 Simple groups break a 

larger group down to SM 

electroweak sector 

 Simplest Higgs is the 

minimal expansion of the 

simple groups 

LITTLE HIGGS 

PRODUCT GROUP  
MODELS 

SIMPLE GROUP 
MODELS 

LITTLEST HIGGS 
SU(5) /SO(5) 

BESTEST HIGGS 
SU(6) ⊗ SU(6)/SO(6) 

SIMPLEST HIGGS 
SU(3) ⊗ U(1) 

YC USU )1(?)3( 
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Simplest Higgs 

 Group Structure: SU(3)CxSU(3)WxU(1)Y 

 SU(3)W → SU(2)W at scale f 

 Differences from the Standard Model 
 Isospin doublets become triplets of SU(3) weak generators 

 New electroweak gauge bosons Yo,Z’, X± generated by 
broken SU(3) generators 

 Other new particles (η, n, T, U, C; T, D, S) 
 X±,Z’,T loops cancel corresponding W ±,Z,t loop corrections 

to the Higgs mass 

 Higgs quartic self-coupling mass corrections are not large 
below SU(3)W breaking scale f 

(David Kaplan, Martin Schmaltz) 
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Embeddings/Group Representations 

 Universal Embedding 

 Like SM fundamental representation, but expanded to 

SU(3) version in weak sector 

 Contains gauge anomalies which are assumed to be 

cancelled in UV completion of model above scale f 

 Anomaly Free Embedding 

 Conjugate quark representation in first two generations 

 Free of gauge anomalies 

 The embedding has little effect on X± production as 

relevant couplings remain independent of embedding 
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What Signatures to look for in 

Simplest Higgs 

 New heavy quarks 

 New scalar/neutrino interactions 

 Gauge bosons 

 Z’ 

 X± 

 Yo 
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Drell-Yan Production of X± vs. Z’ 

 Drell-Yan production of X± is roughly two orders of 

magnitude lower than Z’ cross-section 

( See Tao Han, Heather E. Logan and Lian-Tao Wang JHEP0601:099,2006 ) 
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Production modes 

 X± production 

 Study focused on neglected gauge boson fusion 

production mode 

 Gauge boson fusion is larger than Z’ production and 

X± production via Drell-Yan Mode 

  Gauge boson fusion is coupling  suppressed, but Drell-Yan 

is flux suppressed by pdfs especially at pp collider 
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Drell-Yan vs. Gauge Boson Fusion 

 Gauge boson fusion 

    cross-section is 

    roughly 3 orders 

    above Z’ cross-section 

 Fixed values of mixing 
parameters at 
sinβ=0.438 and 
λU=0.5 
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Energy Dependence at the LHC 

 Gauge boson fusion 

benefits from pp flux 

at LHC vs. Tevatron 

 Lower energy 

production largely 

    suppressed by high 

 mass particles 
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Parameter Dependence 

 

 Sinβ and λU  have large effect on cross-sections 
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X± Decays 

 What would we likely 
see? 

 Partial widths 

 First three partial widths 

are suppressed by 

   coupling factors δt
2 , δν

2  

 Most likely decay to 
3rd generation quarks 
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Conclusions 

 Cross sections for gauge boson fusion 

production of X± vary from 10-1 fb to 100 nb 

with up to 109 events for 10 fb-1 of data at 14 

TeV 

 Z’ decays to leptons more than X±, but larger 

X± production could compensate 

 X± is potentially viable Simplest Higgs signal 

at LHC along with the Z’ 
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 This construction breaks EWS via two scalar fields resulting in a 

nondivergent quartic Higgs loop 

 Naturally implants higher order scalar terms into model 

 Broken generator becomes new  

     scalar η 

 Scalar fields are produced via a  

    shared field generator with 

    separate breaking scales f1 and f2 

    for each field where f1
2 + f2

2 = f 2 

 

Nonlinear Sigma Fields 
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Gauge Boson Masses 

 The X± and Y 

masses vary 

slightly, but are 

indistinguishable 

on this graph 
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Parameters 
 

 We’ve seen the two new 
breaking scales f1 and f2 for the 
Φ fields, and β is a mixing 
parameter between the fields 

 There are also new Yukawa 
couplings λi for the TeV scale 
fermions.  We are interested in 
the U Yukawa coupling λ 

 Production mode comparisons 
done at “golden point” defined 
in Schmaltz’s original paper 
sinβ = 0.438, λ = 0.5 

 New parameters have large 
effects on masses, event rates 
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Effect of Embedding on  

X± Production 

 Slight difference 

due to flux of up 

over down quarks 

 Effect is large on 

Y and Z because 

they have 

stronger couplings 

to vertices that 

mix heavy and 

light quarks 
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 Higgs Couplings 
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Gauge Boson Couplings 
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Gauge Boson Fermion Couplings 
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Continued 
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Gauge Boson Masses 
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Branching Ratios of X± 
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Appendix D (Z,Y Branching Ratios) 
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Scalar Field Expansion 
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Sign of W and Z coupling 
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Yukawa Sector 

 This is for the fundamental representation.  There is a mixing between the 
SM and new heavy quark copies.  There are separate coupling to each 
scalar field that get combined when you diagonalize the mass matrix.  
Both quark become linear combinations of the two quark states shown 
above. 
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Yukawa Continued 

 To leading order: 

 

 Since u mass is relatively small one of the 

Yukawa coupling must be small leading to 

the simplified masses 
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Littlest Higgs/Bestest Higgs 

 Littlest Higgs SU(5)/SO(5) 

 Different multiplet representation 

 Product group model similar to Simplest Higgs 

 Bestest Higgs SO(6)xSO(6)/SO(6) 

 Larger parameter space to agree with electroweak 

precision measurements 

 Allows lighter heavy top partner 

 Higgs quartic coupling is smaller 
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Radiative Corrections in Simplest Higgs 

 SU(3) symmetric term above breaking scale 
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Radiative Corrections Continued 



mbishara@pas.rochester.edu University of  

Rochester 31 

Little Higgs Models 

 The Little Higgs addresses the hierarchy problem by 

providing new particles to cancel with divergent Higgs mass 
contributions 

 

 

 

 

 

 Weakly coupled new physics up to TeV scale for 

consistency with precision electroweak measurements 

 These models produce light Higgs of 114 GeV up to around 

500 GeV 

( Nima Arkani-Hamed, Andy Cohen, Howard Georgi, Thomas Gregoire, 

 Jay Wacker Emmanuel Katz, and Ann Nelson  ) 
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Representation 

 Fundamental representation is used in the 

Universal Embedding 

 

 

 

 

 

 Conjugate representation is used in Anomaly 

Free Embedding 

 

 

 

 


