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gluons

W±, Z
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ESB = spontaneous symmetry breaking:

symm(vacuum) < symm(Lagr)

L = Lkin + Lint + LSSB

SU(2)L × U(1)Y
SSB−→ U(1)em

3 Goldstone bosons

LSSB = ?
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Higgs boson alternatives

heavy/no Higgs violates unitarity ≈ 1 TeV

weakly interacting:

- new forces and particles
- perturbative
- more Higgses, SUSY

↘

strongly interacting:

- new forces and particles
- non-perturbative → bound states
- TC and its extensions

↙
extra-dimensions:

4D strongly interacting ←→ 5D weakly interacting
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M. Gintner, J. Juráň, I. Melo top-BESS Model PRD84, 035013 (2011)



Introduction
top-BESS Model
Phenomenology

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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Hidden Local Symmetry

M. Bando, T. Kugo, K. Yamawaki (1984)

Any NLσM(G/H) is gauge equivalent to “linear” Gglob ×Hloc model.

Gglob ×Hloc Lagrangian ... g ∈ G, h(x) ∈ Hloc

ξ = eiπ
aXa/v eiσ

bSb/v −→ g ξ h(x)

Vµ = V aµ Sa −→ h† Vµ h+ h†∂µh

ωµ = ξ†∂µξ ∈ G, ω
‖,⊥
µ = [ωµ ± τ(ωµ)]/2 ∈ H,G\H

L = −v2
[
Tr(ω⊥µ )2 + αTr(ω

‖
µ − Vµ)2

]
=
v2

4
Tr[(∂µU

†)(∂µU)]

ω⊥µ = ξ† (∂µU) τ(ξ)/2 ... U = ξ τ(ξ†)
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Transition to “U-gauge”

↗ h(x) = e−iσ(x)/v ∈ Hloc ↘

linear

ξ(x) = eiπ(x)/veiσ(x)/v

U = ξ τ(ξ†) = e2iπ(x)/v

G×Hloc : ... h(x) ∈ Hloc
ξ −→ g ξ h(x)

U −→ g U τ(g†)

Vµ −→ h†(x) Vµ h(x) + h†∂µh

L =
v2

4
Tr[(∂µU

†)(∂µU)]

U-gauge: non-linear

ξ(x) = eiπ(x)/v

U = ξ τ(ξ†) = e2iπ(x)/v

G : ... gh ∈ H ⊂ G

ξ −→ g ξ g†h(g, ξ)

U −→ g U τ(g†)

Vµ −→ gh(g, ξ) Vµ g
†
h(g, ξ) + gh∂µg

†
h

L =
v2

4
Tr[(∂µU

†)(∂µU)]
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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)

effective Lagrangian

6HSM + new vector resonances

LBESS = LGB(W,B, V ) + LESB(~π, ~σ) + Lferm
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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(6Z,6W )ψ ... mixing induced
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Outstanding Top Quark

mt ≈ v/
√

2 → special role in ESB?

new physics behind mt

↙

ESB related

Extended TC, ...

↘

ESB unrelated

Topcolor Assisted TC, ...
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top-BESS model Phys. Rev. D84, 035013 (2011)

gauge sector ≡ BESS

fermion sector:

� 3rd quark generation only ... bL, bR

� bottomR vs. topR ... p

� new fermion terms ... λL, λR
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new resonance masses

mass of the vector resonance:

MV =

√
α g′′v

2

EW gauge bosons → mixing → mass splitting
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Decay Widths

V 0 → W+W− + tt̄+ bb̄+ . . .

V + → W+Z + tb̄+ . . .

Γ ∼ 10 – 100 GeV

MV = 1 TeV, g′′ = 20, p = 0

WW, tt,bb

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



Introduction
top-BESS Model
Phenomenology

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
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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
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V± → tb̄/t̄b
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g′′ = 10, λL = λR = 0

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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What‘s next?

theoretical development

low-energy limits

scrutinizing the parameter space

relation to existing theories

...

probing tBESS at LHC and ILC

Drell-Yan processes at LHC

...
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Drell-Yan at LHC ... peeking
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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
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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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I WANT YOU !!!

Enlist Now!
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