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Higgs boson alternatives

heavy/no Higgs violates unitarity ≈ 1 TeV ... new particles/forces
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- perturbative

↘

strongly interacting:

- non-perturbative → bound states
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Effective description of Strong ESB

SU(2)L × U(1)Y broken dynamically :

not solvable perturbatively

chiral effective Lagrangian for Goldstone bosons

nonlinear sigma model

L =
v2

2
Tr

[
(∂µU

†)(∂µU)
]

U = exp(2iπaτa/v)

... + resonances

scalar, vector, ...

LHC → the lightest BSM resonances
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BESS model

Breaking Electroweak Symmetry Strongly

R. Casalbuoni, S. De Curtis, D. Dominici, R. Gatto
PLB155, 95 (1985), NPB282, 235 (1987)

Higgsless ESB sector ... 3 Goldstone bosons

new strong physics ... new vector resonances

effective Lagrangian

LBESS = LGB(W,B, V ) + LESB(~π, ~σ) + Lferm
... Hidden Local Symmetry
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BESS symmetries and couplings

global symmetry:

SU(2)L × SU(2)R × U(1)B−L × SU(2)HLS
SSB−→ SU(2)L+R × U(1)B−L

local symmetry:

SU(2)L × U(1)Y × SU(2)HLS
SSB−→ U(1)em

g g′ g′′ e

gauge sector:

W±, Z A V ±, V 0 ...mixing

fermion sector:

� direct cplg: ... bg′′ψ̄L 6V ψL, b′g′′ψ̄R 6V ψR ... universal

� indirect cplg: ... 1/g′′ψ̄ 6V ψ ... mixing induced
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Outstanding Top Quark

mt ≈ v/
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2 → special role in ESB?

new physics behind mt

↙

ESB related

Extended TC, ...
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ESB unrelated

Topcolor Assisted TC, ...
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new vector triplet

mass:

MV =

√
α g′′v

2

width:

V 0 → W+W− + tt̄+ bb̄+ . . .

V + → W+Z + tb̄+ . . .

Γ1TeV ∼ 10 – 100 GeV

M. Gintner, J. Juráň, I. Melo top-BESS Model PRD84, 035013 (2011)



Introduction
top-BESS Model
Phenomenology

new vector triplet

mass:

MV =

√
α g′′v

2

width:

V 0 → W+W− + tt̄+ bb̄+ . . .

V + → W+Z + tb̄+ . . .

Γ1TeV ∼ 10 – 100 GeV
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Unitarity constraints

GB scatterings:

W+
LW

−
L , ZLZL,

W±L ZL, W±LW
±
L

tree level

Equivalence Theorem

MV = 1.0 TeV

MV = 1.7 TeV

MV = 2.3 TeV
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Low-energy limits

experiment: LEP + SLC + Tevatron

EWPD ε-analysis: ε1, ε2, ε3, εb, Γ(Z → bb̄), B → Xsγ, pp̄→WZX

Intersections of 90% C.L.
allowed regions.

MV = 1 TeV

g′′ = 10
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M. Gintner, J. Juráň, I. Melo top-BESS Model PRD84, 035013 (2011)



Introduction
top-BESS Model
Phenomenology

Low-energy limits

experiment: LEP + SLC + Tevatron

EWPD ε-analysis: ε1, ε2, ε3, εb, Γ(Z → bb̄), B → Xsγ, pp̄→WZX

-0.04 -0.02 0.00 0.02 0.04

0.00

0.02

0.04

0.06

bL-2ΛL

b R
+

2Λ
R

T!� Intersections of 90% C.L.
allowed regions.

MV = 1 TeV

g′′ = 10
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The Death Valley

direct + indirect cplgs ⇒ DV

V 0 → tt̄

V 0 → bb̄

V± → tb̄/t̄b

g′′ = 10

The Death Valley regions of the V → tt̄/bb̄/tb decays.
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Hiding the peak

MV = 1 TeV, g′′ = 20, p = 0, λR = 0

no direct cplng
bL = 0
bR = 0
λL = 0

outside the DV
bL = −0.010
bR = +0.030
λL = 0

tb̄ & bb̄ in the DV
bL = +0.009
bR = +0.030
λL = +0.006

all in the DV
bL = +0.0098
bR = +0.0034
λL = +0.006

e+e− → W+W− ud̄ → W+Z e+e− → tt̄ ud̄ → tb̄ e+e− → bb̄
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Conclusions

effective description of strong ESB new physics needed

top-BESS — modification of BESS, special role of top quark

� new SU(2) resonance triplet

� direct coupling to top and bottom

� λ-terms

low-E limits on the fermion parameters relaxed

the Death Valley effect

LHC: Drell-Yan processes

M. Gintner, J. Juráň, I. Melo top-BESS Model PRD84, 035013 (2011)



Introduction
top-BESS Model
Phenomenology

Conclusions

effective description of strong ESB new physics needed

top-BESS — modification of BESS, special role of top quark

� new SU(2) resonance triplet

� direct coupling to top and bottom

� λ-terms

low-E limits on the fermion parameters relaxed

the Death Valley effect

LHC: Drell-Yan processes
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Top-BESS: new couplings

HLS vector triplet couplings:

SU(2)HLS gauge coupling ... g′′

V 0tLtL, V ±tLbL, V 0bLbL ... bL · g′′

V 0tRtR ... bR · g′′

V ±tRbR ... p · bR · g′′, 0 ≤ p ≤ 1

V 0bRbR ... p2 · bR · g′′

2 lambda terms ... λL, λR

- negligible at V -peak
- modify interaction of fermions with EW gauge bosons
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