Phenomenology of Littlest Higgs Model

with T-parity

C.-P. Yuan
MICHIGAN STATE
UNIVERSITY

(Based on the talk given by Chuan-Ren Chen at
Argonne National Laboratory, 12/12/07)

In collaboration with
. ) Phys. Lett. B640, 263 (2006)
Sasha Belyaev, Qing-Hong Cao, Phys. Rev. D74, 115020 (2006)

Chuan-Ren Chen and Kazuhiro Tobe Phys. Rev. D76, 075007 (2007)
hep-ph/0612243

C.-P. Yuan (MSU) Phenomenology of LHT



» Motivation and Model

9 Little Hierarchy Problem
9 Littlest Higgs Model with T-parity

=

D Top Physics in the LHT

®» Production and Decay of new particles at the LHC
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Effective SM

Little Hierarchy Problem

* Electroweak precision measurements prefer a light Higgs boson

m, <182GeV @95% C.L.

6 My = 144 GeV
1 (5)
3 P
L% —0.0275820.00035 [
:: 0.02749£0.00012 Jfy ]
4B L - incl. low Q? data Mff; -
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Little Hierarchy Problem

Schmaltz et al, hep-ph/0502182,
and references therein

broken symmetry operators scale A (TeV)
B, L QAQL|/ A 10"
flavor (1&2), CP dsds|l A? 1000
flavor (2&3) m, (.§ o, F"b )/A2 50

f 21 A2
Custodial SU(2) n'D,n| 1A 5
non (S-parameter) DR DRI A 5

*NO new physics is needed up to ~5 TeV

Summary === tension between 1 TeV and 5 TeV !!

(fine-tunning)

C.-P. Yuan (MSU)

Phenomenology of LHT



Little Hierarchy Problem

m_ ~ 1TeV wmsp o5m7 ~ —(100GeV/|

new

e.g. Supersymmetry, Little Higgs models
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Littlest Higgs model with T-parity

® Higgs is a pseudo-Nambu-Goldstone boson  Georgi, Pais

® The quadratic divergences are canceled by the particles with
the same spin statistics

* Higgs mass is protected by two independent symmetries, i. e.,
Higgs is massless unless two or more couplings exist simultaneously

(collective symmetry breaking) Arkani-Hamed, Cohen, Georgi,
hep-ph/0105239
L = AL+AL PP
1771 272
A A2
2 1 2 2
161t f

A=0or A,=0 mm=p &m, — 0

ifA ~ A ~ 1, f=1TeV, A ~ 4nf
m=p o6m, ~ —O(100GeV )’
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Littlest Higgs model with T-parity

> SU(5) / SO(5) non-linear sigma model

Global SU(5) — » SO(5)

Gauged [SU(2) x U(1)]?

VEV = |

2X2

> =exp|

——= SU(2) x U(1

I .

]

2X2

5X5

Arkani-Hamed, Cohen, Katz, Nelson

hep-ph/0206021

at scale f
GB Wy, | $y,s
fields II=| p" |p| A*
(l);xz h* ngz 5X35

» The Higgs boson is
an exact GB under
both SU(3), and
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Littlest Higgs model with T-parity

* Mixing between the SM gauge bosons and heavy gauge bosons

® p parameter = 1 at tree level Chen, Dawson, hep-ph/0311932
<h> <h> <h> <h>
\ / AN /
\ / \ /
A\ 7 AN /
\ 7/ \N  /
AAANNANNNANANNNANANANANANNNAN
\YY W \\Y

mmmmd> Contribute significantly to EW observables
sl = 4 TeV
=P new particle ~ few TeV, need fine-tunning again

Csaki, Hubisz, Kribs, Meade and Terning,
hep-ph/0211124
Hewett, Petriello and Rizzo, hep-ph/0212228
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Littlest Higgs model with T-parity

Cheng, Low, hep-ph/0308199,
hep-ph/0405243

SU (2), XU (1), €s=p SU (2), XU (1), Low, hep-ph/0409025
> NO mixing between the SM gauge bosons and heavy gauge bosons
(T-even) (T-odd)
° p parameter = 1 at tree level
<h> <h>

> A discrete symmetry

* Contributions to EW observables are loop suppressed
‘ f > 500 GQV Hubisz, Meade, Noble, Perelstein, hep-ph/0506042

@ Dark Matter candidate Hubisz, Meade, hep-ph/0411264
Chen, Cheung, Yuan, hep-ph/0605314  Asano, Matsumoto, N. Okada, Y. Okada, hep-ph/0602157

Perelstein, Spray, hep-ph/0610357  Birkedal, Noble, Perelstein, Spray, hep-ph/0603077
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Littlest Higgs model with T-parity

Low, hep-ph/0409025
Hubisz, Meade, hep-ph/0411264

L= ;\lfﬁzgkﬁmy [(Ql)izjmzk’y — (Q220)iijmiky] UR
—Xof (U1Ug, + UsUg,) + h.c. I,j,k summed over 1,2,3
01 = (1. U1,0,0)T, Qs = (0,0, Us, qo)7 X,y summed over 4,5
Q, «T» L0 ¥ 5=3x0stox,
AZ
Ly = Y 2tth-|— T T hh———F,T zh

VAT+AS 2\/2\ +Af VAT A ’
VAT T —AfT_T_+-

Before EWSB: T-even m, = 0 m; = WS
T-odd m. = Af
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Littlest Higgs model with T-parity

_ AfAi J‘d4k 1

h h X+a2 (2m) B
- - - - —-— 3 Af J" d4k 1
h h AN+AT (2n) R —my

3 A? o J‘ d*k 1
< AN T 2n) R —m;,

Sum =0eA*4

T-even heavy T_contributions cancel A®
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Littlest Higgs model with T-parity

Low, hep-ph/0409025

* Additional T-odd fermion fields Hubisz, Meade, hep-ph/0411264

L=—«f|¥£¥,+¥ 5 Q€ Q¥ |+he

T

T ~
= [¢,000] ¥, =(0,00q,] ¥. = lg.X.d.

1 2

—exp @/f

Y «T» SV ¥V <T»-y E <> 0

“includes Higgs

Mogg =VN2K[

0

g

* T-odd fermions are unique for the model with T-parity! *
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Littlest Higgs model with T-parity

Low, hep-ph/0409025
Hubisz, Meade, hep-ph/0411264

summary: Little Higgs models solve the little hierarchy problem

T-parity relaxes EWPO constrains, new particles could be light

Particle spectrum T-even: u X3, dx3, ex3, vX3, T,
W= Z, vy, h

mTf\/A?TAjf T-odd : % X3, d_x3)j e x3, vx3, T,

M, ~mg 2k, f W, Z,, ,

m,~m,~\2k,f

my~Af

My, ~Mz ~8 [

mAH~g’f/\E m ,~ om, v

“ heavy photon * triplet Higgs

(dark matter candidate)
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Littlest Higgs model with T-parity

Hubisz, Meade, hep-ph/0411264

® 4 fermion operators Hubisz, Meade, Noble, Perelstein, hep-ph/0506042

JsMm W Jsm ,
: e 2 )
~ Fy'ffy.f
fodd | ded 128 7T2 f2 H
fsm W Jsm .
: o ) universal
f 2
0 m,,, < 48 TeV
3 q; 1TeV
o m_ ..~ 2k f
3.0+
% - non-universal K O |eedd |
o (lepton # quark)
T Cao, Chen, arXiv: 0707.0877[hep-ph]
_ 2 2
1.0? Kl Kq 1 ﬁ < 1287T3f2
0'%5 | 2 2 n K - 2
“ kK, Rl [26.4TeV)

C.-P. Yuan (MSU) Phenomenology of LHT



Littlest Higgs model with T-parity

° High energy behavior of qgq — W; WI; Belyaev, Chen, Tobe, Yuan,

2 hep-ph/0609179
S>My
H
S2 sin 0 4 Shta ino
Yy — ___w Z — __|1_ 2 I V1 Z t
A = S A" = —|l7=s,|—>s A = —s mm) ATATA=0
3f 3 Af Af
........ I =1 partial wave distribution, f =1 TeV
u - TV VAV A = " : W; 05 T T 'I T T T T I' T T T T 'I
. J =1 partial wave, f =1 TeV = 1TeV
o]
! d |nmw:3']"e'\f
S 0.4 -=m_ . =5TeV N
1 — m,, = 100 TeV
w — = '
AR W _
!
+ =
- N WH 0.2 —
Uu v, Y/ _ restore the unitarity
— 3 L 0.1F s o R -
u - ) -
| WH 05 'J-:ﬁﬁ::’-2 l: e A . 9 O W | O o oy
5 10 15 20
MWMW“ (TCV)
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Higgs physics in the LHT

gluon-gluon fusion v L HE
dominates !! ITTITIY !

~ factor 5 largerthan ¢~~~ R —

the 2" largestone ° f Vs = 14 TeV 3
(WW fusion), when , _ E;éj;‘w )

Higgs 1s light
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Higgs physics in the LHT

cancellation of quadratic divergences
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Higgs physics in the LHT

cancellation of quadratic divergences

— — — -— —
h

attach two gluons
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Higgs physics in the LHT

cancellation of quadratic divergences

attach two gluons and one all the Higgs fields take its vev
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Higgs physics in the LHT

. i i Chen, Tobe, Yuan, hep-ph/0602211
cancellation of quadratic divergences

attach two gluons and one all the Higgs fields take its vev

Higgs production via gluon-gluon fusion
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Higgs physics in the LHT

g g Chen, Tobe, Yuan, hep-ph/0602211

o

—_— —— — —_p— —

<h> h

g

both T-even and T-odd particles will contribute

the contributions from new particles in LHT will reduce the
production rate via gluon-gluon fusion process

top loo 1
P 1o0P AMoCm, gw —  for m, >
g m, 2
m LHT ar 1 Al
g -—--h A" Cm, gy — R:A_
8 hut m, 2
goooo>

3+2R*+3R* v’
St ~8mt|1— ——+
41+RY
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Higgs physics in the LHT

Heavy T-even top loop

m, R v

T 1+R27

mT+~\/2\f-|—A§f

Enr T

—_— K —_—
v TR

m_ ..~ 2k f
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Higgs physics in the LHT

Corrections to the Higgs boson production total cross section via
gluon-gluon fusion at the LHC

6O_ggﬁh = O‘LHT(ggﬁh) — ()'SMgg_)h)
0 ! T T
0 - 1Ty :
zw =018 E
‘9 - ITeV e
02T e
bg S 600 GeV
03
700 GeV
_ O 4 . T-even top sector+ T—odd fermions ;
T T T—even top sector F = 600 GeV _
_0.5 : L | | | | .
100 200 300 400 3500

my [GCV]

The production rate could be significantly suppressed !
Chen, Tobe, Yuan, hep-ph/0602211
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Top Physics in the LHT

@ Shift in W-t-b coupling Cao, Li, Yuan, hep-ph/0612243
t t
T 4 .2
i ) - . g S, U
7 1 iV —2— 11— \p
(e ()
b b S =SIn = Al
. . AT+ A3
@ t-channel single-top production
q - i - q
o(t) o gi
Iwtb
b g i t

mm) deviation from SM prediction

OSM — OLHT 4 U
5 — — 25thb — Sa_

TS M i
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Top Physics in the LHT

Cao, Li, Yuan,

1 s = 5,?/ hep-ph/0612243

g 000
b - T ?\
=+ 17+
" Ay

contours of production cross sections (fb)

0.9

Gray region:
0.8 excluded
0.7 by EWPT.

Hubisz, Meade,
Nobel, Perelstein
hep-ph/0506042

If deviation in single-top production rate is large

mm) single T and T_ pair rates are also large.
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Top Physics in the LHT

Cao, Li, Yuan, hep-ph/0612243

* J"_ decay
A
! predominately
T_ 2, (& right-handed
. —g's Sa—Pr, + P
59 o Tu ( “f - R) polarized top
{
® Signal ® Background

Right-handed top is preferred in LHT while left-handed top in SM background
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Top Physics in the LHT

Cao, Chen, Li, Yuan,

ALR — O-(tL) o a(tR) detailed phenomenology study
O'(tL) + O'(tR) in progress.
s T i ' ! ; n —'D-'E'D
(" )
LHT SM -0.70
Arp <0 Arp >0
\_ Y. -0.80
® Powerful tool to kill B -0.90
SM backgrounds '
@ A good probe to 'IJ..EI o 10 o 1?5
the symmetry breaking scale { f(TeV)

For the mass measurement of T-, see
Meade, Reece, hep-ph/0601124; Matsumoto, Nojiri, Nomura, hep-ph/06112249.
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Heavy new particles at LHC

Hubisz, Meade, hep-ph/0411264

Lagrangian Freitas, Wyler, hep-ph/0609103
* Belyaev, Chen, Tobe, Yuan, hep-ph/0609179
http://hep.pa.msu.edu/LHT/

LanHEP : generate Feynman rules for input Lagrangian

Y

CalcHEP : calculate production cross sections and decay
* decay branching ratios

Numerical
results

We categorize productions of all the new heavy particles and
their signatures at the LHC.
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Heavy new particles at LHC

f=: Tev A, ziw),, T, T ud. ¢
K:
m=120Gev 015065 14 1 14 1069 (TeV)
Heavy particle decay branching ratios
Particle Decay mode BR (%) Particle Decay mode BR (%)
W, d 6l W, u 62
u. Z, u 30 d Z, d 31
A, U 8.6 A, d 6.3
Wt 60 W. b 62
b Z, b 32 t Z, t 29
A, b 0.6 A, t 8.2
W* b 46 T At 100
T Zt 22 W, A W 100
¥ h t 20 Z, A, h 100
A, T 12 b AW 100
" A, h 100 ¢’ A Z 100

C.-P. Yuan (MSU)
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Heavy new particles at LHC

T-odd quark productions Belyaev, Chen, Tobe, Yuan, hep-ph/0609179
(1st and 2nd generation) Carena, Hubisz, Perelstein, Verdier, hep-ph/0610156

MWH (GeV) 400 500 600 700 800 900 1000 1100 1200 1300

signatures: My, (GeV) |75, 100, 125, 1o, 170, z0 zo Z8 gz 0.

) ) Mq_ (GeV) 750 1000 1250 1500 1750 2000 2250 2500 2750

agaugebosonpalr+ET+Jets:3 10 (T

& N 1 1 g'q :

i -\ —e—e— H_ z | -

LSL + E/T +jetS 3 © 7> ’\ ___ 77777 qq 7777777777777777 7777777777777 B
OSL +E_ +jets .
-1
1L +ET +jets 0 ¢
a gauge boson + Higgs +ET+ jets:
. . -3
1L +Higgs +,ET+ jet, 10"
Higgs +ET+ Jets, 7 -

L I E

Higgs pair +ET+ jets F | | | | N

10 e e e ey b e by
600 800 1000 1200 1400 1600 1800 2000
(Q__)ZHQ) Zy—hAy f(GeV)
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Heavy new particles at LHC

3" generation heavy quarks

I . 750 1000 1250 1500 1750 2000 2250 2500 2750
signatures: My, (GeV) 780 I I I I B BT B T
MT (GeV) 600 800 1000 1200 1400 1600 1800 2000

Mq (GeV) 750 1000 1250 1500 1750 2000 2250 2500 2750

a top pair + £ _Ma (G

Q S
= - rr. | ]
Single Heavy T-even T © N — — gT,+qT, |
" 1 N  emememen T T, E
A top pair + Z-boson and Higgs 0 —e—.. bT, +bT, ]
10 -1_\\‘ _____________ ————-b-b_Jtt ......................................... -
-~ . T,T, i
NN f -
I SN I
10 | NN | E
- | .\’4 AR -
- e s |
. TR SER'N i
10 ?\. ;.’x’.\

S

-\,

4 N\,
10 S .\' """""""""""""""""" "*::’6;'."5 """""""""""""""" 3
E N > 7.~‘~. E
- N, Sl el
10 L | Sea | | L Sal e

600 800 1000 1200 1400 1600 1800 2000

f(GeV)
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Heavy new particles at LHC

Boson-quark associated
production

signatures:
* gauge boson pair + jets + E’T
* a Higgs + a gauge boson
Hets + E_
*a Higgs pair + 1 Jet +ET
* a gauge boson + 1 Jet +E_
*a Higgs + 1 Jet +ET

MWH (GeV) 400 500 600 700 800 900 1000 1100 1200 1300
EER R R R R R R R RN R

MT (GeV) 750 1000 1250 1500 1750 2000 2250 2500 2750
"+

Mq (GeV) 750 1000 1250 1500 1750 2000 2250 2500 2750
3 10 ; l - ] T ‘ T 1 T 1 T | T ] E
: 3 : : : . T : n
78N\ S S Q. Wy +q Wy,
000 ---9z
AL —e—e-9Ay
10 LN, % | WT +WT,
SN
N U
2 . N, i 7
L R T — g
E N : : : : 3
S ~. % :
- . N % ]
3 . : N, ! ; :
10 N Nl S U e E
i y "~ ~_
n ® \. 3 n
4 . ‘ SN
10 ?. """ s \ ’\, """"" \—5
= : Se 7
- L NN, B
. f 1 3 A T
10 -q 1 1 [ l [ ‘ T 1 T 1 L1 \dl T ] T
600 800 1000 1200 1400 1600 1800 2000
f(GeV)
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Heavy new particles at LHC

MWH (GeV) 400 500 600 700 800 900 1000 1100 1200 1300

B oson p air pI’O duction M,, (GeV) 75 _ 100 125 150 175 200 225 250 275 300
M, (GeV) 750 1000 1250 1500 1750 2000 2250 2500 2750
- L L L D DL DL DL ELEL DL L
S QO T T T T T T
Q. . 3 3 | AP 3 E
. = - 3 f ZyW, +Z, W, .
. © - | 1 - GH+H - TH TTH .
Signatures: T e WeWe
N —e—e—e H ., - i

* a gauge boson PN _ _ AW, +A,W,
. T e I e AL, IR |
10 s s s : H ; | E
+ a Higgs boson + . TN St A
oA TN
o i S e TNl
a gauge boson pair + _ RN -
07 T R S s S
i AR ]
-4 I RN S ..
10 ? """""""""""""""""""""""""""""""""""" \\\.\.\. """""""""" L """"""""" E
= S el 7
- | | 3 | | ~ - \ \\7\.\ i
ol T

600 800 1000 1200 1400 1600 1800 2000

f(GeV)
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T-odd W-boson

Cao, Chen, arXiv: 0707.0877[hep-ph]
Productionof W, W,

f W f > N\NNN\ W
’y/Z f/
f Wi f - NNNN Wy
(a) (0)
Decay of W/,
1LOp T ;
(a) mass relation W WA 1
M,, ~0.156f o8 Wn = W, o wa,
M, i ]
| M, ~0.653f oo T ]
My Moy My WH K] L i
| ~ 04 .
MJr_ ML_ 1.414 K/f E WH —q_q WH - WAH E
M g M i M an Mq— ~1.414 qu 02w, >LL W,—>LL
& 0:...|...|...|...|...:
%0 02 02 06 08 10
K 5
il {1462
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T-odd W-boson
Signature € p +ﬁzr:

107 T T T
w-W W, —-A W-ev,)A W(-uv,) o (M) |
Ap
Wy N
a :
() v
\\___; Ay 144
Wy
W
p : -
500 600 700 800 900 1000
f(GeV)
w-W, W, ,—v,E_(-eA,)v,M_(-uA,) 10°p

G (fb)

2
107

105007 600 700 800 900 1000
f(GeV)

Backgrounds: pp - W W, WWZ,tt, Wt
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T-odd W-boson

=700 GeV

Kq:1

do
de- —

1 1 1
O 100 200 300 400 500
P_ " (GeV)

1 1 1
100 200 300 400 500
rnqLGSe\U

O 100 200 300 400 500 O 100 200
E° (GeV) K. . (GeV)

300 400
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T-odd W-boson

cuts: PS >20GeV, p. >20GeV, | n°| <20, | n* | <20
E, >175GeV, cos0,,<0.6
_I | | o B Apy
M, <M, i Wy €
o —— (T "
NS Ay
Wy

0O 100 200 k00 400 50C 1 y
P (Ge

) 200 400
E° (GeV)

C.-P. Yuan (MSU) Phenomenology of LHT



T-odd W-boson

cuts : ,O? >20GeV, p; >20 GeV, n¢ | <2.0, | n* | <2.0
E, >175GeV, cos0,,<0.6
S/ B contour
4 4

K

B 5o

3c

30 mose ) ! 100 fb”

| | 1 | | I | | | 1 | 1 I |

0 : 0 -

500 600 700 800 900 500 600 700 800 900
f (GeV) f(GeV)
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T-odd W-boson

LHC : di-lepton + £ ;
=mmmd Has a great discovery potential !!

BUT ...
P Can NOT determine masses of W,, and A,,

P Can NOT reconstruct kinematics of A,
P Can NOT measure the spin of W/,

L}{C > P Can N&T determine masses of W, and A,
P Can N&T reconstruct kinematics of A,

» Can NG&JT measure the spin of W,,

With 4 jets + £ signature
e'e W, W, A W(-jj)A,W(-j))
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T-odd W-boson

v/ Z
4 V_
+ Wy e+ - NN\ Wy
C
(a) (b)
\/;:1TeV mWH"'gf m -~ 2Klf

102 E' LI I UL I LI | LI I LI I LU IE 3.0 HBLBL I LI I Frri I LI I I I
— —— f=500GeV I — -
- (@A) ——— £=550Gev ] > 5 [ (b) =03
. [— _ ] . |
1 ——— =600 GeV — =
10 E —— f=650GeV = - — =06 J
= —— f=700GeV I 2.0 — k=1 —
— ~ f=750GeV_ "1 — — K;=5 —
= = / —
E 10 K - = 1.5 =10 =
© 4 © =
— 1.0 —]
-1 ] —
10  E = -
— = 0.5 =

10—2 _I 111 I 1111 I 1111 | 1111 I 1111 I 111 I_ O‘O 111 I 1 1 11 I 1 1 11 I 1 1 11

O 1 2 3 4 5 6 500 550 600 650 700 750
Ky f (GeV)
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T-odd W-boson
Signature 4 jets+ £

e'e W W, A W(-j)HA,W(=]]))

100 S S
o0l i
80}
70

O.SZ_WH%WAH _ @ 00 |
L ] o 50 _
0.6 Wyp—4a 4 ] i
K, L i 40 —
0.4 _ i
L W, —>q_q W, — WA, 30_—
02w, > L_L W, —>LL 20+
0. I I I' ca L 1 ] I [ R R N [ I [ ]
90 02 o4 . 06 0.8 1.0 1900 550 600 650 200 750

q f(GeV)

Intrinsic background : e" e~ - ZWW-vvjjjj (~5.6®)
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T-odd W-boson

Require : A,
p=15GeV, |n|<3.0, AR>05 Wy J
W
Ay J
Wr
Reconstruct W boson 4
J

* order 4 jets with respect to their transverse momentum

Ji J Ji Jy
pr >P; >pr >p;

2 2

* also require M/N(AZ\/(m(j)—mW) +(m(j)—m,,))

1 2
* identify W : W =m(/ J,) ,the other one is W ,
mmp > 99 % accuracy
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T-odd W-boson

Kong, Park, hep-ph/0703057
At the rest frame of W

m,, =, +1, g, ~(m, +m,}lnd, —(m, —m,)"

WH

EI’E‘S:

w

2m w, 2m,

e L n72 H
E: =y(E"XBP>) p=11- SW” (+: max. — :min.)

(Similar technique has been widely used in SUSY analysis.)
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T-odd W-boson

P wh - () P ywh
— = 700 GeV
O ]'DD. 200 _%DD- <O
E“_,{GEFJ
< JE.E_ nt, m, o (E.+E_), m,
M, =21+ (=2 (1——%) M, =M, 1-2 +
Vo E,+E_|  E.E_ E2 E? o Vs M,
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T-odd W-boson

0.5
Reconstruct the mass of W/, AE _
E E
0.10 ULRLLLLLL) LLLALLLLLY LELLLLRLL) LALLLLLLE) LRLALLLLL) LALLM 0.10 B LR L LR LR R L
io B (.g’:) 700 GeV : o B (E}) with smearing effects :
dE

w

0.05

0.00 ' : . -
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T-odd W-boson

Probing the Weak Boson Sectorin ¢te™ — WTW™

K. Hagiwara, R. D. Peccei and D. Zeppenfeld,
Nucl.Phys.B282:253,1987.

On shell condition
msssmmmlp  Ieconstruct the

momentum of A 9

Momentum conservation
Known C.M. energy

mmmp reconstruct the momentum of W,

mmm)  boost back to the rest frame of W
mmmd  Study spin of W
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T-odd W-boson

eTeT 5AASBC Hagiwara, Peccei, Zeppenfeld, Nucl.Phys.B282:253,1987.
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T-odd W-boson

rest frame of W/ y

spin-1 to 2 scalars
mm=) P-wave dominates
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T-odd W-boson

rest frame of W/ y

After reconstruction
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T-odd W-boson
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* Little Higgs mechanism provides a solution for solving the
“ little hierarchy ” problem.

* T-parity forbids the mixing btw the SM and heavy gauge bosons
mm) avoiding EWPT, lowering f, LHC could copiously produce new particles.

* The Higgs boson production rate via gluon fusion is suppressed.

< Polarization states of top quarks could provide the evidence of LHT.
* The LHC has a great potential to discover the signatures of new
particles (W, ) predicted in the LHT.

* The physics quantities (mass, spin) could be measured at the LC,
different models could be distinguished.
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