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Introduction

Standard Model (SM)
* the theory of microworld
* elementary particles + their interactions

Leptons Quarks
e, Ut u, c, t

Photon Gluons

» successful theory, many predictions, exp. verified (E ~ 200 GeV)
* not final theory (gravity, many free params., ESB? - no Higgs)



Introduction

* Electroweak Symmetry Breaking (ESB)
* massless Z and W, mass generation, Higgs searches

Status as of March 2011 Mo
95% confidence level

Excluded by Excluded by Excluded by
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Beyond the SM
» SUSY, Technicolor, extradimensions, ...
> fundamental theory ---> effective theory
* SM as a (low-energy) part of a new theory



top-BESS model

» effective description of ESB

* Breaking Electroweak Symmetry Strongly

* Particles: SM particles, no Higgs, + new resonance
(bounded state of new Sin)

Model = Lagrangian

> modification: in the fermion sector
s motivation: m_ (too big and close to the scale of ESB)

top-BESS vs BESS

® direct coupling of new resonance to 3™ generation of quarks only
° new terms in the Lagrangian
s model parameters: v, g, g', g'', alpha, bu b.. p. A, A,



Parameter s restriction

Restriction of the parameters:
* unitarity limits
* low-energy limits

Unitarity limits
@ conservation of probability
P~ | S °
°@55'=1

Low-energy limits
» tBESS - eff.description of a HE extension of the Higgsless SM
* ElectroWeak Precision Data (low-energy measurement)
* EWPD restrict tBESS deviations from the SM



Unitarity limits

to all processes ---> 1 process, a group of processes
(approximation: tree level, equivalence theorem)

Higgsless SM MWW, — ZpZ;)
* scattering of longitudinal W and Z bosons h/(wriv, — wiri,)
* U-limit: E = 1700 GeV U(Zf_Zf_ — 7.7,
. Higgs (m < 1TeV) shifts this U-limit M(WEZ, — WEZ,)
(up to 10*° GeV) MWEWE — W iu =)

top-BESS model
* new resonance shifts this U-limit too
» effective model ---> U-violation at some energy (3000 GeV)



Unitarity limits

M,=10TeV
My =17 TeV
My = 2.3 TeV

15 20

Constraints on g'' (dot-dashed SM U-limit).

For b = b, =0 (pis eliminated), A" s negligible.



Low-energy limits

* low-energy top-BESS Lagrangian
(infegrating out the p resonance, M --> e, g'" fixed, subst. EoM)

- &' s analysis: € and ¢, (A’FB and T, ).e,(+M /M) e (+T, )

g’ > 9.5(10.9) @ 95(90)% C.L.

90% C.L.

p=20 —0.010 < by, — 2A7, < 0.003
A=1TeV —0.031 < by +2A5 < 0.033
g’ =10

BESS limits:  0.006 <b<0.011 5b'=0

Our modifications relax the low-energy limits (thanks to A" s and p).



Low-energy limits

A few measurements 003k

* £ s analysis :
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Phenomenology of the model

top-BESS = SM\{H} + new resonance

Properties of the new resonance:

mass degeneracy < 1 per mil if g''>8

» Tsospin 1 - triplet: V* V- V° [rho] o Jawg" (1 L )

VE = 9 272

» Spin 1 - vector (like W, Z bosons)

Mo = Jowg” (1_'_ G2 )
* Mass = M(alpha,v,g,9",9" ") 2 2g'"
alpha and g'' are free M, = 1000 Gey  6°=9°+9"
Mp =1GeV
* Decay width T (GeV) MW(Z) ~ 80 (91) GeV
I ~1/lifetime

mion: T~ 10°s -->T ~ 10! GeV
particle - versus - resonance (I" > MeV)
7 (charged) and 13 (neutral) decay channels (param. dependence)



Partial decay widths

17° channel

= bbb

- {f B
58, dd

= CC, HH
"lf"_;?g (3}1]

= ] @X)
e

== total

Neutral resonance with M = 1000 GeV (p = 0, A" s = 0).



Dominant partial decay widths

Neutral resonance with M, = 1000 GeV (g''=25, p=0, A" s = 0).
W W, bb, tt channels
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b= bg=0,p = —
by=0.01, bg=0,p = —
b = bg=0.01,p = 1
b= bg=0.02,p = 1

b=0.01

Neutral resonance with M = 1000 GeV (A" s = 0).
Dashed line is BESS model.




Gauge Boson mixing

Decay width, Cross section ~ coupling®
direct coupling of V totand b ~b and b, (.p)

for b = O also

I3 (GeV)

V -->1,b (why V -->e" e if direct interaction is of f)

00477 T A Ry A
| \ VY ot / |
0.03 / |

0.02 / |
. \ / M., = 1000 GeV
o1 \\// : g'" = 10
: bR:O

-0.005 0.000 0.005 0.010 0.015 0.020 0.025 As=0

b,

---> interplay of direct and indirect couplings




The Death Valley

0.03F T |
VY =t | p=0
. 0.02f
I, (b"s=0)=0.026 GeV - p=05|
0.01] \ \
i . _‘\._-_.\ \
o o L \ NI
Increasing € 500! p=1 \*. o ®
o . & 0.00] -3
the direct interaction, :
i.e. increasing |b" s| ~0.01}
. _0.02F 4 =
but decay can diminish - A =0
A= 0 ]
—0.037 ............................... Bl
Q1: Are there such b's ~003 -002 -001 000 001 002 003
b,

that the decay is forbidden ?
Q2: If yes, are they allowed
by Unitarity and LE limits ? A* s-shift of the LE region

M, = 1000 GeV,g"" =10



The Death Valley
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Experimental devices

ILC International Linear Collider

Positron source Detectors Electron source

Electrons

Main Linac Damping Rings Main Linac



do/dm.,, (pb/GeV)

<

top-BESS model @ LHC
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The invariant mass distributions for the final state particle of

the pp-->W W X, pp-->WZX,pp--->1b X processes

for sqrt(s) = 14TeV, M =1TeV,g"' =20,p=05,b =-0.072,b, = 0.074, A's = -0.03.
The thinner lines depict the SM predictions assuming M, gs = 110 GEV.



top-BESS model @ ILC

ete -->vv tt

do/dm_(fb/GeV)
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The effect of the Death Valley

The cross section
_ 10
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The effect of the Death Valley

The cross section
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Conclusion

* top-BESS model as eff. description of a subgroup of fund. models
» BESS — top-BESS (m_motivation, fermion sector modification)

» direct coupling of new triplet to the 3™ generation of quarks only
* hew p parameter
* new A-terms

» relaxing the L-E limits on the original BESS model” s parameters
» sizeable signal of top-BESS model at the LHC and ILC
* the Death valley effect (hiding the peak)

* paper submitted to Physical Review D
* the first referee response is back



Thank you for your attention.



