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Introduction

EFFECTIVE DESCRIPTION OF STRONG ESB

SU(2)r, x U(1)y broken dynamically:

@ not solvable perturbatively

@ chiral effective Lagrangian for

nonlinear sigma model

scalar, vector, ...

LHC — the lightest BSM resonances
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top-BESS Model

BESS MODEL

REAKING ELECTROWEAK S5YMMETRY S5TRONGLY

@ R. Casalbuoni et al, PLB155,95(1985); NPB282,235(1987)
@ HSM + new vector resonances

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

(]

global symmetry:

SSB

SU(?)L X SU(2)R X U(l)B_L X SU(Q)HLS — SU(2)L+R X U(l)B

local symmetry:

SU@)L x ULy X SU@mrs 28 Ul)em

g g g" e

M. Gintner, J. Jurari, I. Melo Top-BESS Model

—-L

PLANCK 2012



top-BESS Model

BESS LAGRANGIAN: ESB

ESB sector (NGB's + gauge bosons):

Lgsp = —UQTr[((I)If)Q] — av2Tr[(wﬂ)Q] + Las(W,B, V)
~ gauged NLSM kin. terms
+
GB masses + mixing self-interactions

4

wt,z A vE Vo

My = 3v/ag"v
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top-BESS Model

BESS LAGRANGIAN: FERMIONS

fermion sector (SM fermions):

BESS SM BSM
—_——
mixing induced direct universal chiral
VIff cpings VIff cpings
) 1/gl/ P~ bL gll , o~ bR gll
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top-BESS Model

BESS LAGRANGIAN: FERMIONS

fermion sector (SM fermions):

BESS SM BSM
—_——
mixing induced direct universal chiral
VIff cpings VIff cpings
) 1/gl/ P~ bL gll , o~ bR gll
universality:
@ vg absence, K -Kg mass difference = br — 0
© Z — ff at LEP = tight limits on by,
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top-BESS Model

OUTSTANDING ToOP QUARK

mt%v/\/i —

‘ new physics behind my ‘

v hV
ESB related ESB unrelated

Extended TC, ... Topcolor Assisted TC, ...
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top-BESS Model

TOP-BESS MODEL Puys. Rev. D84, 035013 (2011)

fermion sector (SM fermions):

LPES = LMW, B) + LG (W.B, V)

mixing induced direct chiral cpings
VIff cplngs
Vit ... NbL7R~gN
) l/g//
Vtr by, ... NbL'gN
Vbrbr ... ~bp-g”
Vtrbr ... ~pbgr- g"
Vbrbg ... ~ p?br - g

0<p<1
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top-BESS Model

TOP-BESS MODEL Rev. D84, 035013 (2011)

fermion sector (SM fermions):

EthESS _ ﬁ?M(W,B) + ﬁgsbﬁ\/[(l/[/, B, V) + Eﬁ‘gbf”/(m B)
4 —

mixing induced direct chiral cplngs new W/B cpings
VIff cplngs
Vit ... ~brr-g’ Xtt ... ~ALR"9X
P l/g//
Vtr by, ... NbL.g” Xtr by, ... ~ AL gx
Vb by, ... ~br, -g” Xbp by, ... ~AL-9gx
Vtrbgr ... ~pbgr-g” Xtrbr ... ~pAR-gx
Vbrbg ... ~ p?bg - g Xbrbg ... ~p*ARr - gx
0<p<1 X=W.B, gx =g9,9'
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Phenomenology

V DEcAYy WIDTHS

@ VO » WHtW— +tt+bb+...

oVt - WHtZ4+th+...

@ I' ~ 10 — 100 GeV

WW, tt,bb

effect of \'s is negligible
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Phenomenology

UNITARITY & PERTURBATIVITY

Unitarity:
3.0
2.5¢
@ GB scatterings:
o S 200
WIW;, ZpZy, 8157 ;
WEz,, wiwiE w i
Lo L L 1.00 e My =1.0TeV]
7 & —aai=
@ tree level 05! /o My =1.7 TeV |
e e My =2.3TeV
@ Equivalence Theorem 0'00 5 10 15 20
g"
Perturbativity:
1
Tar = g5

M. Gintner, J. Jurari, I. Melo

Top-BESS Model

PLANCK 2012



Phenomenology

LOW-ENERGY LIMITS

LOW-ENERGY LAGRANGIAN .= 0 = My = o
free parameters: s = g/g"
AL = br —2)\p
AR = br+2A\g
p

EXPERIMENT: LEP + SLC + TEVATRON

a 2 (+54+1.0)x1073
& 2 (-89+1.2)x1073
s 2 (+5.34+£0.94) x 1073

0(Z—b) &
B.R.(B— X,y &

0.3773 & 0.0013) GeV
3.55 4 0.26) x 1074

—~ o~ o~ o~
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Phenomenology

Low-ENERGY LIMITS FOR FERMION PARAMS

@ 5 observables: _
€1, €2, €3, F(Z — bb),
BR(B — X7)

@ 2 fitted params:
AL =bp — 2\,
AR =bg + 2\r

@ fixed params:
g’ =20
p=0,0.5,1
A=1TeV

@ confidence levels: o
1 sigma ... 39% * =1
2 sigma ... 86% 0.00L__. w w ‘ e
3 sigma ... 99% -0.06 -0.04 -0.02 0.00 0.02
b —27,
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Phenomenology

THE DEATH VALLEY

direct + indirect cplgs = DV
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Phenomenology

THE DEATH VALLEY

t + indirect cplgs = D

0.10 s
<
<0.05

0.00

-0.10 -0.05 0.00 0.05
by

g’ =10, A\, =Ar =0

The Death Valley regions of the V' — tt/bb/tb decays.
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Phenomenology

THE DEATH VALLEY

vO ¢
Vsl [ p=0
0.10
A=1TeV
é’“oosg:10
Pl =0
=0
0.00 =t
p=1

-0.10 -0.05 0.00 0.05
by by b,
g’ =10, A\, =Ar =0

The Death Valley regions of the V' — tt/bb/tb decays.
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Phenomenology

HIDING THE PEAK

My =1TeV, ¢g" =20, p=0, A\g =0

@ no direct cping
10 =P3P=1| by, =0
brp =0
5 AL =0
2 ~ @ outside the DV
I by, = —0.010
2 1 g J br = +0.030
O AL =0
8 II \\
@ ! @ tb & bb in the DV
@ by, = +0.009
5 Y br = +0.030
1 B A, = +0.006
10
@ all in the DV
by, = +0.0098
400 600 800 1000 1200 e
\'s (GeV)
eter > WTW~- wud—>WTtZ ete ->tf ud—tbh ete  — bb
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Phenomenology

HIDING THE PEAK

My =1TeV, ¢"=20, p=0, Ag =0

@ no direct cping
10 ;PSP=2I by, =0
br =0
iy D | AL =0
AN ~ @ outside the DV
5 by, = —0.010
= 1 br = +0.030
O S _
O N AL =0
o [ i J @ tb & bb in the DV
19) n e
@ T~ by, = +0.009
8 br = +0.030
10" — Ar = +0.006
@ all in the DV
S S S S— by, = 40.0098
400 600 800 1000 1200 SR = +0.0034
1 = +0.006
\s (GeV)
eter > WTW~- wud—>WTZ ete ->tE ud—tbh ete  — bb
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Phenomenology

HIDING THE PEAK

My =1TeV, ¢"=20, p=0, Ag =0

@ no direct cping
10 [Psp=s} by = 0
bp =0
= AL =0
R3S -~ @ outside the DV
g by, = —0.010
L 1 bp = +0.030
8 AL =0
A
o S R o
o 1 | @ 5 & bb in the DV
2 g by, = +0.009
S - b = +0.030
1 — Ar = +0.006
10
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by = +0.0098
400 600 800 1000 1200 l;\R = +0.0034
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Phenomenology

HIDING THE PEAK

My =1TeV, ¢"=20, p=0, Ag =0

@ no direct cping
10 [Psp-4] b, =0
br =0
AL =0
3 ~< £
RSN ~ @ outside the DV
I by, = —0.010
L 1 ] br = +0.030
3] { AL =0
LR A Ry
o f @ tb & bb in the DV
@ by, = +0.009
N br = +0.030
?0-1 \\\ AL = +0.006
@ all in the DV
by, = +0.0098
400 600 800 1000 1200 e
\s (GeV)
eter > WTW~- wud—>WTZ ete ->tE ud—tbh ete  — bb
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Phenomenology

pp = th+ X @ LHC

Vs =14 TeV, I'y+ = 50 GeV

ly@®), ly(®)] < 2.5,  pr(t), pr(b) > 200 GeV

1
Pl o] o [ on [R] ey
A |20|0]—-015| Nna | 11.6 10 :
. =50 GeV
B [20|0] 4016 wna | 121 o o —
C [20|1]-0.11] —0.11 | 10.7 S
3 |—PSPA
D [30]0]-011] na | 65 e L |esee \
E 20 | 1| —0.11 | +0.11 | 10.6 £ F PSP C NGA
=] N
B [ — PSP D \/ \\ =X
T L
R= Niepss—Nsu | PSPE v
NSM —SM
N=oLeie} 10°—%00 800 1000 1200 @ ‘16100
m, e
L =100 b1, e, = 0.216, ®
e, =04
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Phenomenology

SUMMARY

@ effective description of strong ESB new physics

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

o new SU(2) resonance triplet
¢ direct coupling to top and bottom

o A-terms

@ low-E limits on the fermion parameters relaxed
@ the Death Valley effect

LHC: pp — tbX
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Phenomenology

BACKUP

BACKUP SLIDES
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Phenomenology

NEW RESONANCE MASSES

@ mass of the vector resonance:

@ EW gauge bosons — mixing — mass splitting

1o000f—=— ==k e
et
L
0.9999 -
0.9998 ra
Mye /
Wy 0.2997 /
0.9996 /
0.9995 /
0.9994 ,
10 20 30 40 50
@
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Phenomenology

i
LOW-ENERGY LIMIT FOR g

THEORY:

M
€3 ~ €5+ (5.25 +0.541n —H) x 1073
Mz

SM loop
€

My (TeV) 03 | 1 2 5P x 103 o ree
e Moo 5 103 | 5.89 | 6.54 | 6.92 || 5.34 +0.94 e

X x 102
65 4 3 25 2 1.7

b 2 < $10.0-
2 g >
2 1.0f-
g \2 T o5}
deppss) - () :
g @ 0.1t—cis
10 15 20 25 30 35 40

%

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



Phenomenology

NP FERMION INVARIANTS

IF =i (P+W+B)yL
IF = iYr(P+B)vr
I =ixn(@+V +ig B(B—L)/2)xn
= i
= ixnlet + (ELWeL — €L BBER)

Xh=E v, h=LR
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