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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

... + resonances

scalar, vector, ...

LHC → the lightest BSM resonances
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BESS model

Breaking Electroweak Symmetry Strongly

R. Casalbuoni et al, PLB155,95(1985); NPB282,235(1987)

�HSM + new vector resonances

Hidden Local Symmetry [M. Bando et al (1984)]

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
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BESS Lagrangian: ESB

ESB sector (NGB’s + gauge bosons):

LESB = −v2Tr[(ω̄⊥
µ )

2]− α v2Tr[(ω̄�
µ)

2]
� �� �

∼ gauged NLSM

GB masses + mixing

⇓

W±, Z A V ±, V 0

MV = 1
2

√
αg�� v

+ LGB(W,B, V )
� �� �

kin. terms
+

self-interactions
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BESS Lagrangian: FERMIONS

fermion sector (SM fermions):

LBESS
f = LSM

f (W,B)
� �� �

mixing induced
Vff cplngs

∼ 1/g��

+ LBSM
f (W,B, V )

� �� �

direct universal chiral
Vff cplngs

∼ bL g�� , ∼ bR g��

universality:

νR absence, KL-KS mass difference ⇒ bR → 0

Z → f̄f at LEP ⇒ tight limits on bL
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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)

ESB sector ≡ BESS

fermion sector (SM fermions):

LtBESS
f = LSM

f (W,B)
� �� �

mixing induced
Vff cplngs

∼ 1/g��

+ LBSM
(t,b) (W,B, V )

� �� �

direct chiral cplngs

Vtt ... ∼ bL,R · g��

VtLbL ... ∼ bL · g��

VbLbL ... ∼ bL · g��

VtRbR ... ∼ p bR · g��

VbRbR ... ∼ p2bR · g��

0 ≤ p ≤ 1

+ LBSM �

(t,b) (W,B)
� �� �

new W/B cplngs

Xtt ... ∼ λL,R · gX
XtLbL ... ∼ λL · gX
XbLbL ... ∼ λL · gX
XtRbR ... ∼ p λR · gX

XbRbR ... ∼ p2λR · gX

X=W,B, gX = g, g�
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V Decay Widths

V 0 → W+W− + tt̄+ bb̄+ . . .

V + → W+Z + tb̄+ . . .

Γ ∼ 10 – 100 GeV

WW, tt,bb

effect of λ’s is negligible

M. Gintner, J. Juráň, I. Melo Top-BESS Model PLANCK 2012
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Unitarity & perturbativity

Unitarity:

GB scatterings:

W+
L
W−

L
, ZLZL,

W±
L
ZL, W

±
L
W±

L

tree level

Equivalence Theorem

MV � 1.0 TeV
MV � 1.7 TeV
MV � 2.3 TeV

0 5 10 15 20
0.0

0.5

1.0

1.5

2.0

2.5

3.0

g"

s
�TeV�

Perturbativity:
g��

2
� 4π ⇒ g�� � 30
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Low-energy limits

Low-energy Lagrangian ... α → ∞ ⇒ MV → ∞
free parameters:

x = g/g��

∆L = bL − 2λL

∆R = bR + 2λR

p

experiment: LEP + SLC + Tevatron

�1
exp
= (+5.4± 1.0)× 10−3

�2
exp
= (−8.9± 1.2)× 10−3

�3
exp
= (+5.34± 0.94)× 10−3

Γ(Z → b̄b)
exp
= (0.3773± 0.0013)GeV

B.R.(B → Xsγ)
exp
= (3.55± 0.26)× 10−4

M. Gintner, J. Juráň, I. Melo Top-BESS Model PLANCK 2012
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Low-energy limits for fermion params

χ2-fit:

5 observables:
�1, �2, �3, Γ(Z → bb̄),
BR(B → Xsγ)

2 fitted params:
∆L = bL − 2λL

∆R = bR + 2λR

fixed params:
g�� = 20
p = 0, 0.5, 1
Λ = 1 TeV

confidence levels:
1 sigma ... 39%
2 sigma ... 86%
3 sigma ... 99%

1�sigma
2�sigma
3�sigma

� � 1 TeV
g" � 20

p � 0

p � 0.5

p � 1

�0.06 �0.04 �0.02 0.00 0.02
0.00

0.02

0.04

0.06

0.08

0.10

bL�2ΛL

b R
�
2Λ

R
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The Death Valley

direct + indirect cplgs ⇒ DV

V
0 → tt̄

V
0 → bb̄ V

± → tb̄/t̄b

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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pp → tb̄+X @ LHC

√
s = 14 TeV, ΓV ± = 50 GeV

|y(t)|, |y(b̄)| < 2.5, pT (t), pT (b̄) > 200 GeV

PSP g�� p bL bR R

A 20 0 −0.15 N/A 11.6

B 20 0 +0.16 N/A 12.1

C 20 1 −0.11 −0.11 10.7

D 30 0 −0.11 N/A 6.5

E 20 1 −0.11 +0.11 10.6

R = NtBESS−NSM√
NSM

N = σL �1�2b

L = 100 fb−1, �1 = 0.216,
�b = 0.4

 (GeV) bt m
600 800 1000 1200 1400

 (p
b/

G
eV

)
bt

/d
m

σ
 d

-510

-410

-310
 X b t → pp 

 = 50 GeV+VΓ

PSP A

PSP B
PSP C
PSP D
PSP E
SM
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Summary

effective description of strong ESB new physics

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: pp → tb̄X

M. Gintner, J. Juráň, I. Melo Top-BESS Model PLANCK 2012
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BACKUP

BACKUP SLIDES

M. Gintner, J. Juráň, I. Melo Top-BESS Model PLANCK 2012
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new resonance masses

mass of the vector resonance:

MV =

√
α g��v

2

EW gauge bosons → mixing → mass splitting

M. Gintner, J. Juráň, I. Melo Top-BESS Model PLANCK 2012
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Low-energy limit for g��

theory:

�3 ≈ �tree3 +
�
5.25 + 0.54 ln

MH

MZ

�
× 10−3

� �� �
�SM loop
3

MH(TeV) 0.3 1 2 �exp3 × 103

�SM loop

3 × 103 5.89 6.54 6.92 5.34± 0.94
⇒ �tree3 < 0

�tree3 (BESS) = −
bL
2

+

�
g

g��

�2

�tree3 (tBESS) =

�
g

g��

�2
MH � 0.3 TeV
MH � 1.0 TeV
MH � 2.0 TeV

10 15 20 25 30 35 40

1.0
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g0
"

Pr
ob
ab
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y
g"
�
g 0"
���

x � 102
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NP fermion Invariants

ILc = iψ̄L(�∂+ �W+ �B)ψL

IRc = iψ̄R(�∂+ �B)ψR

Ihb = iχ̄h(�∂+ �V + ig� �B (B − L)/2)χh

Ihλ = iχ̄h
¯�ω⊥

χh

= iχ̄h[ �ω⊥ + (ξ†L �WξL − ξ†R �BR3ξR)]χh

χh = ξ†hψh, h = L,R

M. Gintner, J. Juráň, I. Melo Top-BESS Model PLANCK 2012
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