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Motivation

=

Understanding electroweak symmetry breaking
mechanism (EWSB) is one of the central problems of
particle physics today.

The SM Higgs mechanism is simple, but adhocly
iIntroduces an elementary scalar particle in the theory.
Moreover, the mass of this higgs particle is radiatively
unstable (hierarchy problem).

Supersymmetry (SUSY) introduced to take care of the
hierarchy problem is seen with a little skepticism lately.

LHC will (most likely) say if the minmal SUSY (MSSM)
IS realised in nature or not.

Alternative models include composit higgs models,
models with strongly interacting EW sector, higgsless
models, etc. J
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# One scenario, called the little higgs models, has
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# One scenario, called the little higgs models, has

-

received much attention in the past few years. This
model has a light higgs particle and avoids hierarchy
problem.

The EWSB mechanism leaves its signature in the
gauge sector of the theory, for the massive gauge
bosons get their longitudinal components from the
symmetry breaking sector.

Proposed high energy linear collider (ILC) is expected
to produce a large number of gauge boson pairs, where
precision measurements are going to scrutinize their
couplings, and other properties in detail.
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Today we will look at how little higgs models affect the W
pair production at a high energy e*e~ collider.
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Today we will look at how little higgs models affect the W
pair production at a high energy e*e~ collider.

Plan
» The Little Higgs Models
o The Process: ee” — WTW ™

» Summary
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The Little Higgs Models
- o

# The scenario is analogous to the description of low
energy hadronic interactions by a non-linear realisation
of the chiral symmetry, SU(2);, x SU(2)g, broken down
to the diagonal isospin SU(2); with pions as pseudo
Goldston Bosons.
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The Little Higgs Models
-

The scenario is analogous to the description of low
energy hadronic interactions by a non-linear realisation
of the chiral symmetry, SU(2);, x SU(2)g, broken down
to the diagonal isospin SU(2); with pions as pseudo
Goldston Bosons.

Along a similar line, in Little Higgs models the higgs
particles are thought of as pseudo Godlstone Bosons of
some global symmetry breaking: G— H.

In a specific model, called Littlest Higgs model
G = SU(5) broken downto H = SO(5) at a scale f.
This gives 24 — 10 = 14 Goldstone Bosons.

Gauge group SU(2)1 x SU(2)y x U(1)y CG,

Is broken down to SU(2);, x U(1)y, which is identified as
the SM gauge group. J
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The Little Higgs Models
-

® The 14 GB’'s decompose under SU(2);, as

1 X3 x2x3.
N N~

real complex
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# Three of them from real 1 x 3 become longitudinal
components of the gauge bosons associated with

breaking, W3, Zy which acquire masses of order f.
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1 X3 x2x3.
N N~

real complex

# Three of them from real 1 x 3 become longitudinal
components of the gauge bosons associated with

breaking, W3, Zy which acquire masses of order f.

® SU(2)r, x U(1)y breaking is achieved by the vev, v of the
GB’s belonging to complex 2, induced radiatively by
Coleman-Weinberg mechanism.
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The Little Higgs Models

The 14 GB’s decompose under SU(2);, as

1 xXx3x2X3.
N N~
real complex

Three of them from real 1 x 3 become longitudinal
components of the gauge bosons associated with

breaking, W3, Zy which acquire masses of order f.

SU(2)r, x U(1)y breaking is achieved by the vev, v of the
GB’s belonging to complex 2, induced radiatively by
Coleman-Weinberg mechanism.

Quadratically divergent corrections to the higgs mass
due to the SM gauge bosons cancel with the new heavy
gauge boson contributions.
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# Yukawa couplings:

The Little Higgs Models

T
Inorder to avoid quadratic divergence due to top quark
Ioop, a pair of Weyl quark ¢, ¢ and a weak singlet quark

+ are added, along with the standard left-handed
doublet (t3,0)

The top Yukawa coupling terms are given in terms of
the mass eigenstates ¢ (the SM top quark with mass m;)

and 7 (with mass My > /2 f) as

/\/
Ly = M\ ht’t + Ay hTt + 5 L hWhTT + h.c.,
T
where
)\t:mt/’U, )\T:a:)\mt/’v, )\T/FZ (1—|—SIJ§\)TI’L%/’I}2 J
r) IS a parameter (of order 1).
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The Little Higgs Models

o .

# Thus at one loop the quadratic contributions cancel
between the following diagrams:
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The Gauge Sector
| -

® Three heavy gauge bosons,W;:, Zy, in addition to the
standard W=+, Z, A.
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® Three heavy gauge bosons,W;:, Zy, in addition to the
standard W=+, Z, A.
#® Masses

g 0.65
M p— M — —
Wa 2 n26? o

where 6 is the mixing angle between the weak sector of
the original SU(2); x SU(2),.
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The Gauge Sector
| -

® Three heavy gauge bosons,W;:, Zy, in addition to the
standard W=+, Z, A.

® Masses

g 0.65
M p— M — —
Wa 2 n26? o

where 6 is the mixing angle between the weak sector of
the original SU(2); x SU(2),.

# Real production of heavy gauge bosons occur above a
TeV. But their virtual effects may be seen at lower
energies.
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The Gauge Sector

o .

® Inthecaseof ete™ — WTIW~ we will have the
mediation of Zy apart from the standard channels.
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The Gauge Sector

o .

® Inthecaseof ete™ — WTIW~ we will have the
mediation of Zy apart from the standard channels.

# Coupling relevant to this case are given in terms of

these parameters f and 6 as

guv*

GWWZyg — @ sin 46
i 5 .
” g 1 v* sin 46
= — || —=+4+2
CeeZ 2ew _( 9 + CEW) T f2 ] ]
a g [1 v* sin4f 9
= — |z — CO
ceZ 2ew 12 f2 1
CoeZy = e cot 6
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The Gauge Sector

o .

Precision measurements (including LEP2) constrains the
parameters

f>1TeV, c¢~1/3
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The Gauge Sector
- -

Precision measurements (including LEP2) constrains the
parameters

f>1TeV, c¢~1/3

Arkani-Hamed, et.al. JHEP 07(2002) 034;
Han, Logan, Wang, hep-ph/0506313;
Schmalts, Tucker-Smith, hep-ph/0502182;

Conley, Hewet, Phuong Le, hep-ph/0507198.
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ete” - WTW ™

o .

We will now consider the effect of this scenario in W pair
production at a high energy linear e*e~ collider.

# The process has the following Feynman diagrams:

~oUT oL W-

5
-
v 5

Y aVaVaw,

AZ . Zy L

o+ et

~oooL W LL
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We will now consider the effect of this scenario in W pair
production at a high energy linear e*e~ collider.

# The process has the following Feynman diagrams:

~oU oL W

5
-
M "\f\./‘\./‘\.f\j\)

AZ . Zy L

ot “

~_~UoL W LL

# |LC is going to be operated at energies up to a TeV. A
Z g with mass around a TeV will perhaps show its signs
there.
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ete” - WTW ™

fWe will now consider the effect of this scenario in 1/ pair T
production at a high energy linear e*e~ collider.

# The process has the following Feynman diagrams:

UL W-
~
-
v ’\./\./’\_/\/(J\)
AZ . Zy L
ot “
~_~UoL W H

# |LC is going to be operated at energies up to a TeV. A
Z g with mass around a TeV will perhaps show its signs

there.

o Owing to the large luminosity expected at the ILC, cross
section measurement itself might be a good observableJ

.
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Integrated luminosity: 1 ab™!
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LEP has measured the fractional cross section of the
polarised 1W’s very precisely. AT ILC it will be even better.

fWe define T

L 1 1 3
500 [S]ele] 800 900 1000
roots GevVv
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Vs GeV | ogyr pb fsm% | fouao

500 74 | 9| 38| 4.4
f~| 95.6| 94.9
f£| 06| 07

800 72 | 21 19| 4.0
f~| 97.9| 95.8
1 02| 0.2

-
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Energy distribution of the decay leptons.
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Summary

f # Little Higgs model with a global T
SU(5) — SO(5) and a local
SU(2)1 X SU(2)2 X U(l)y — SU(Q)L X U(l)y IS a viable
alternative to the Standard Higgs mechanism.

#® The model has
s one light neutral higgs with radiatively stable mass.

» two charged (1/;;) and one neutral (Z5) gauge
bosons with mass ~ f, the symmetry breaking scale.

s one heavy top quark of mass ~ v/2f.

o -
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o .

# Our analysis to see the effect of this model in
ete” — WTW ™ at a high energy linear collider shows:

s Considering 1o deviation at a 500 GeV or 800 GeV

ILC with integrated luminosity of 1 ab~! can explore
the mass scale up to about 6 TeV .

For parameter values

f=1TeVandd =0.35

s Cross section deviates by 1.2% at /s = 500 GeV and
3.4 % at /s = 800 GeV

s polarization fractions show measurable deviations.

# Beam polarization is expected to show larger effects.
L Studies in progress. J
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