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Introduction

Standard Model describes the
phenomenology of elementary particles.

Higgs particle
e SSB of EW symmetry (the origin of mass)

e Unitarize the scattering amplitude of gauge bosons.

’) ] ~N 0l >
ay ) x a;> &L

~
f -~

IMWIW? — WiWE) = b W + §i§ +crossed.
L \ ~
S ) 3 u

I

* The precision test indicates Mn < 200 GeV
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Introduction

Higgs has not appeared yet. (Mn= 114 GeV )

=SSB of EW symmetry remains unsolved.

—

If Higgs exists

> naturalness problem O My?2 ~ A2

[f Higgs does not exist

> unitarity problem
» consistency with EWPT
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Higgs has not appeared yet. (Mn= 114 GeV )

=SSB of EW symmetry remains unsolved.

—

If Higgs exists

> naturalness problem O My?2 ~ A2

[f Higgs does not exist

> unitarity problem
» consistency with EWPT

—

Are there any models compatible with EWPT without Higgs ?

mmmm) Hicosless model is one of the candidate.




Contents

v 1. Introduction
=) 2. Higgsless model

3. Z b bbar coupling
4. Summary




Introduction

>
Higgsless model —~—
4D

* is based on 5D gauge theory.
* breaks EW sym. by the boundary /\/
conditions for dth direction.
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*Massive particles appear as Kaluza—Klein mode (KK mode)
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Higgsless model —~—
4D

* is based on 5D gauge theory.
* breaks EW sym. by the boundary /\/
conditions for dth direction.

—~— ~—

SU(Q)L X SU(Q)R X Uv(l)B—L_> U(l)em SU@2)r x U()p_r  SU(2)L x SU(2)r

Massive particles appear @—Klein mode (KK mode)

Cthese play the role of Higgs in SM.

> unitarity conservation
»consistency with EWPT
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Kaluza—Klein mode (KK mode) @

ARFTTRI-SERAHS
FE D=8, RN5—HTHE

5 It massless Ah5—15

(0u0" — 0505) d(,y) =0

EHTEE : 4Rt +5RTH
o(r,y) = d(x)f(y)

O¢(x) = const X ¢(x)

«——— const NBEIZHY
0505 f(y) = const X f(y)
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O¢(z) = const x ¢(x) b(x,y) = d(x) f(y)
0505 f(y) = const X f(y)

PIZIERDEIBIRAFHZRT (MinsBITTLILEH)

f(0) =0
f(mR) = 0
T5E » 9505 fnly) = — (%)2 fn(y)
fn(y) = Asin (E) n=123-. n=0 [&. f(y)=0

LB D TERS

n 9 ‘n ':FEDT:E%%%O
(u+ (%) )d)n(w) =0 w—) EEEL- TR
FREERNS (KK E—F)
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*Massive particles appear as Kaluza—Klein mode (KK mode)
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Introduction

Higgsless model

e deconstruction : discretion for bth dim.
= We can treat it as 4D model.
5D N
<€ > \
—— —~— I~~~
4D 4D deconstruction

SU2), x SUR2)g x U(1)p_p, (SU2);, x SUR2)p x U(1)g_1)"
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It is enough to analyze as a low |

energy effective theory ~

Integrate out of heavy gauge bosons
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Boundary conditions
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Higgsless model
e deconstruction : discretion for bth dim.
= \We can treat it as 4D model.

. N
It is enough to analyze as a low |

energy effective theory ~

Integrate out of heavy gauge bosons

rough discretion ~—
Boundary conditions
SU2), xU(l)y
X [SU@Q), x SU@2)g x U(1)g—r]"
xSUQR)y x U(l)p—r,
— U(D)em

3site Higgsless model

SU2)g x SU(2)1 xU(1)y = U(L)em
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NG bosons
(Non-linear rep.) 2ij = exp 227
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5 - exp( 290>Zlexp( 2791)
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3site Higgsless model

Minimal deconstructed model

YR1

R.S.Chivukula et.al Phys.Rev.D74:075011 (2006)

M.Bando et.al Nucl.Phys. B259 (1985) 493
R.Casalbuoni et.al Phys.Lett.B155(1985) 95

tR27 bro

@ O 92
21 22 -

L
VLo Y1
SU@), SU@), U,  SUE).
10 2 1 gy 3 (1)
U, 1 2 L (-1 3 (1)
Uy 1 2 L(-1 3 (1)
2

URro a 0
\I] — 1 1 3 3 ].
e (i) A(4) e

( ) means lepton.
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Z b bbar coupling ()5 ) 92

Z b bbar coupling

« We calclated flavor dependent correction.

| /b
9z D) + g7’ + gSlIl Ow Z/\/\/Q\\
b
(6 bb — m_? SM ti
9L )sm = 1g 3.3 ( SM correction )

« We used Ry to find the constraint on this model.

I'(Z — bb)
~ I'(Z — hadrons)

Ry,

SR> = RY™ — RPM = (4.5+6.6) x 10~*




Z b bbar coupling () ’ s

23 23

e The correction in 3site Higgsless model

i 2 2 2 2

bb m; f1 f'z A

-_— v ‘ ¢ l ‘
O Gy [ 25+ 7B g(w)l

/\ : Cut off scale of this model
M : Dirac mass (Heavy fermion mass)

e \We can calculate this by RGE

<@ JL E%fQQ T “O-Q '
I 2|1 — %5 | ¥y YL : current coupled to Z boson
i+ 1 -




Z b bbar coupling () ’ s

23 23

e The correction in 3site Higgsless model

) 2 2 £2 2
b g fifs A )]
5o = et |+ 378 1 7 (o

/\ : Cut off scale of this model
M : Dirac mass (Heavy fermion mass)

e \We can calculate this by RGE

2 a
(1 T o )
i’ D (1 - 2 5 | YLyt L : current coupled to Z boson
gl; + /3 -

Only this term has the flavor dependence

(5).
M 3rd

(ml)Q 1 mp?
M 1st], — M (4m)? f3

(5 i

2
Aef, M M2

p':.“ff




Z b bbar coupling () )= 02

Constraint from Rp

I'(Z — bb)
~ I'(Z — hadrons)’

Ry,

JRb — 2Rb(1 — Rb) 29%592\:1’

9y, T 9bR
i 2 2 £2 A2
59?:% 1+ flfzzzlog( z)]
(4m)?v 2(f7 + f3) M

—_— L 46 (95%cCL)

4

We expect a Aof order 4 TeV or less; A < 4w f o ~ 4TeV

( Naive dimensional analysis )

—y N > 1TeV




Comparison with EWPT

e constraint from WWZ coupling (LEP)

My > 380GeV W

V4

e constraint from ST fit

M > 1800GeV

e constraint from Z b bbar

M > 1000GeV

M (GeV)

K.Hagiwara, R.D.Peccei, D.Zeppenfeld, and K.Hikasa,

Nucl.Phys. B282,253(1987)

T.A, S.Matsuzaki, M.Tanabashi Phys.Rev.D78:055020,2008

4500

4000 |

3500 |
3000 |

2500 |

T

Not allowed °

2000 A=43TeV —— -
., A=30TeV - - -
1500 o Loy [P R
350 400 450 500 550 600 650
My (GeV)

®) Z b bbar constraint is relatively mild and automatically satisfied.
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Summary

® Higgsless model can break EW symmetry without
Higgs particles.

® 3site Higgsless model is a low energy effective
theory of Higgsless model.

® Dirac mass is constrained by Z b bbar coupling.

® Constraint from Z b bbar coupling is relatively mild
and automatically satisfied with EWPT.
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