
Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Probing the strong electroweak

symmetry breaking

in a model with a vector resonance

M.Gintner, I.Melo, B.Trpi�sov�a

Univ. of �Zilina

M.Bel Univ. { B.Bystrica

16.K�CSF { Hradec Kr�alov�e { 2008

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Outline

1 Electroweak symmetry breaking

2 The model with a vector resonance triplet

3 Sensitivity of some LHC processes

4 Conclusions

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Outline

1 Electroweak symmetry breaking

2 The model with a vector resonance triplet

3 Sensitivity of some LHC processes

4 Conclusions

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Electroweak symmetry breaking

mechanism ESB - the most pressing problem of the SM

LHC - machine designed to address the question

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Electroweak symmetry breaking

mechanism ESB - the most pressing problem of the SM

LHC - machine designed to address the question

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Sept 10, 8:30AM

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Higgs boson

benchmark hypothesis:

�(x) =

�
�2(x) + i�1(x)

v + h(x)� i�3(x)

�
; h�i0 = v

) Higgs boson

not everybody happy

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Higgs boson

benchmark hypothesis:

�(x) =

�
�2(x) + i�1(x)

v + h(x)� i�3(x)

�
; h�i0 = v

) Higgs boson

not everybody happy

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Higgs boson

benchmark hypothesis:

�(x) =

�
�2(x) + i�1(x)

v + h(x)� i�3(x)

�
; h�i0 = v

) Higgs boson

not everybody happy

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

Alternatives to SM Higgs

SUSY $ Technicolor

many Higgs bosons $ no Higgs bosons

new particles (fermions, spin-1 bosons)

recent ideas:
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uni�ed description of the non-SUSY models:

AdS/CFT correspondence + deconstruction
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low-energy phenomenology based on E�ective Lagrangian

ESB sector:

non-linear sigma-model
3 scalar �elds
SU(2)L � SU(2)R global symmetry
SU(2)L � U(1)Y -gauged

new particle(s) to unitarize amplitudes � 1 TeV
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Our modifications

t-quark
or

(t; b)-doublet

9=
; extra role in the ESB mechanism?

our modi�cation:

� - direct coupling to t and b only

problem:

�bb  limit from Zbb :-(

solution 1:
SU(2)L : � to (tL; bL) : : : b1

disentangle coupling to tR from bR !

�
�bRbR ! 0
�tRtR : : : b2

solution 2:

�-terms
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Model properties

M� �
p
avgV
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Considered LHC processes

1 pp! t�tX

... gV ; b1; b2

2 pp! b�bX

... gV ; b1

3 pp! t�bX

... gV ; b1

4 pp!W+ZX

... gV ; b1

5 pp!W+W�X

... gV

3,4 ... mixing enabled processes
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Considered parametric space points

M�0 = 1 TeV

P gV b1 b2 ��0 BR(�0) M�� ��� BR(��)
(GeV) W+W� t�t b�b (GeV) (GeV) t�b=�tb W�Z

1 10 0.08 0.04 16.899 31% 38% 31% 999.84 15.281 64% 36%
2 10 0.12 0.04 28.256 19% 42% 39% 999.84 26.433 79% 21%

3 10 0 0 5.334 99% 0.12% 0.08% 999.84 5.443 0.2% 98%

4 20 0 0.12 42.788 3% 97% 0.0025% 999.96 1.358 0.2% 98%

5 20 0.08 0 42.471 3% 46% 51% 999.96 42.509 97% 3%
6 35 0.04 0 34.580 1% 47% 52% 999.99 34.594 99% 1%

7 10 0 0.08 10.169 52% 48% 0.042% 999.84 5.443 0.18% 98%

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

\Loser" processes

M�0 = 1 TeV
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\Winner" processes
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\Winner" processes (cont'd)
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...summing everything up:

M�0 = 1 TeV
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New physics vs. SM

R =
NP �NSMp

NSM

process P cut � (pb) R0 R

(100 fb�1)

SM no 5.84 0 0
pp! t�bX + c:c 2 6.17 0.136 43.04

SM 0:7 TeV � mtb � 1:1 TeV 0.14 0 0
2 0.20 0.163 51.47

SM no 14.77 0 0
pp!W+ZX + c:c 3 16.96 0.570 180.37

SM 0:7 TeV � mWZ � 1:1 TeV 0.20 0 0
3 0.29 0.188 59.30

SM no 29.86 0 0
pp!W+W�X 3 31.86 0.366 115.74

SM 0:7 TeV � mWW � 1:1 TeV 0.37 0 0
3 0.42 0.097 30.75

M.Gintner, I.Melo, B.Trpi�sov�a Probing the strong electroweak symmetry breaking in a model with a vector resonance



Electroweak symmetry breaking
The model with a vector resonance triplet

Sensitivity of some LHC processes
Conclusions

...getting more realistic

�nal state P cut events R
(100 fb�1) (100 fb�1)

pp! t�bX + c:c:

`+�`b�b+ c:c 2 no 1:70� 104 7.14
yes 5:40� 102 8.53

jjb�b+ c:c 2 no 9:86� 104 17.22
yes 3:14� 103 20.59

pp!W+W�X

`+
1
�`1`

�

2
�`2 3 no 3:86� 104 12.73

yes 5:14� 102 3.38

`+�`jj 3 no 2:24� 105 30.71
yes 2:99� 103 8.16

jjjj 3 no 1:30� 106 74.07
yes 1:74� 104 19.68

�nal state P cut events R
(100 fb�1) (100 fb�1)

pp!W+ZX + c:c:

`+�``
0+`0� + c:c 3 no 6:34� 103 11.03

yes 1:08� 102 3.63

jj`+`� + c:c 3 no 3:69� 104 26.61
yes 6:26� 102 8.75

`+�`jj + c:c 3 no 1:00� 105 43.89
yes 1:70� 103 14.43

jjjj + c:c: 3 no 5:84� 105 105.84
yes 9:91� 103 34.80

jjb�b+ c:c: 3 no 4:12� 104 28.13
yes 7:00� 102 9.25

`+�`b�b+ c:c: 3 no 7:12� 103 11.69
yes 1:21� 102 3.84
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Summary and conclusions

LHC - new era in attacking ESB

e�ective description of new physics: HLS, new vector SU(2)V
triplet

pp! abX, ab = t�t; b�b; t�b;W+Z;W+W�

promising ! further analysis: cuts, reconstruction
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