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Outline

» Twin Higgs Model

= Twin Higgs mechanism
= | eft-right Twin Higgs model

Chacko, Goh, Harnik, hep-ph/0512088
= New particles and model parameters

Goh's talk {

» Collider phenomenology

= Heavy top quark

m Heavy gauge bosons
m Higgses
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Left-right Twin Higgs model

e U(4) x U(4), with gauged SU(2), xSU(2)yxU(1);, + LR symmetry

Couple to gauge boson only

SM Higgs doublet
L EwSB SU(2), Higgs doublet f—— g,

H = ( gL SM neutral Higgs: H H,*, H,0 © T Hp )
R
\ 3 eaten by heavy gauge bosons
Left 3 Higgses:
neutral Higgs ¢°, charged Higgs ¢*
0 0
U(4)x U(4) - U(3) x U3 N
. 8) @U@ S U xUe) [
f1 SU(2), x SU(2), x U(1)g, = SU(2), xU(1), f2
7 GB 7 GB
f,>1,
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Left-right Twin Higgs model

Fermion sector:

@L=(Z§>=[2,1,1/21, LLz(”L>=[2,1,—1],

Qr = ( ar ) =[1,2,1/3], Lp= ( o ) = [1,2,-1],

Top quark mass:

4 4
yH}QQRTL —I— yHl';QLTR —|— MTLTR —I— h.c.

Top quark mass eigenstates: SM top and t,
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New particles

e Heavy gauge bosons: W, Z,, M2y 20 ~ 92(F,2+,2)

e Heavy top: t, m2;, ~ M2+y?f,2

e Other SU(2); Higgses: ¢* mZ,. ~ 9%/(16n°)f,> log(A/gf,)
¢° M2y ~ B (f,/fy)

B: small, (50-100 GeV)?
e Other SU(2), Higgs H,* M?H14s 2o ~ B

H,° u: soft symmetry breaking, O(f,)
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Model parameters

e Model parameters: f,, (f,, y), A, M, \B, p
|

fixed by Higgs VEV  fixed by top quark mass

A= 4xf; or 2xnf;
M=150 GeV

e Determine particle masses and interactions \/MBf?O/;eV
— Uil
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Heavy top t, production

e single heavy top production

q ty
n-
q b
q/q q/q
% W.We
b . ty

e heavy top pair production

99,99 — tgty
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Heavy top t, decay
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Heavy gauge boson production

e Drell-Yan process

qq/ — WH7 ZH
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ZH decay branching ratio
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W,, decay

t, —b¢*: 4b + 1 lepton + missing E;

¢S | t, >bW :2b + 1 lepton + missing E;

ool 1|ty >tZ: 2b + 3 lepton + missing E;

WH decay branching ratio
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SM Higgs

e my,~150-170 GeV, depending on f;, A and M

e Higgs searches:

1. gg—>H-> ZZ* >l

Higgses

2. 9gg > H->WW* 5 |vlv

3. WBF - qqH —» qgWW* - qqlvlv

SU(2);_Higgs: ¢°, ¢*
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Neutral Higgs ¢°

e gg — ¢° > bb, QCD background overwhelming
e N0 W¢°, Z¢° associated production (no such coupling)
e bb¢?, th¢?, tt¢° cross section small

e Produced via the decay of heavy particles

4 b + 1 lepton + missing E;




Neutral Higgs ¢+

e no W¢*, Z¢* associated production (no such coupling)
e bbd*, thé*, ttep* cross section small

e Produced via the decay of heavy particles
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Hf_fa HZO

Higgs that couple to gauge boson only: H,* H.,°

e H,*H,% H,*H,* H,°H,%, associated production (small)
e H,0 stable : missing energy
e H*—>H,0 + soft jets/leptons

If decay fast enough: appears as missing energy

If decay slow: track !

H,%: good dark matter candidates
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Top Yukawa: Yy

t, = (T, tg), my, = yf, tey = (t,, Tg), M, =yv

Gauge coupling Yukawa coupling
VW-t-b vVZ-t-t Vel -ty -ty VH-t-t
x W—t,-b v Z-t, -t x ¢0—t-t v H-t,—t,(small)

A o x 90 —t,—t * H—t,—t
x Wy—-t—-b % Z-t,-t H H
v W,—-t,—b jZH—t—t oot b

Z,—t,—t, -ty -
x Z,—t,—t x pt—t-b <—= ¢t t + b (~100%)

S.Su 16



10

10

107

¢~ decay branching ratio

4

e No two body decay

e Leading decay: 3 body
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G (fb)

¢* discovery
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¢ discovery

~_Z,—Ho

difficult

: 0
tit.—to
B H . absent
t, Tt t0

E — H H’

10,
100

S. Su

104 108 112 116
Mo (GeV)

120 122



Heavy top t, discovery

e single, pair production does not change much.
e decay: only t, — b ¢* (100%)
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Heavy gauge boson discovery

e Z,,, W, drell-yan cross section does not change

e Z,: Z,— |l does not change much v
Br(Z, —»tt,) =0

e W, difficult
10 . . ‘ 4

For M=0
discovery of almost all the particle are difficult

except for Z,
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Conclusions

Left-right twin Higgs model: Higgs as pseudo-goldstone boson
quadratic divergence forbidden by left-right symmetry
New particles
m Heavy gauge boson: W,, Z,
= Heavy top quark t,
= New Higgses: ¢° ¢*, H%, H,° (DM)
M=#0: rich collider phenomenology
M=0: difficult except for Z,
Future work
= Pick certain channel for detailed study: background, cuts,..
= ldentify twin Higgs mechanism
m Dark matter study
= Comparison with other models, e.g., little higgs
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