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1. Introduction

Non-Abelian gauge extension is interesting

mm) Inducing Z’ and W’* bosons

Ex)

Left right symmetric model SU(2), xSU(2),xU(1)g.,

<+*Scalar sector with bi-doublet + triplets A 5
+SSB: SU(2),*xSU(2)gxU(1)g. —U(1)ew
\ “*Z’ mass should be > 3 TeV by LHC constraints

~

< Left(right)-handed fermions belong to SU(2), r, doublets

/

It is worth considering SU(2)xSU(2) model

with more simple Higgs sector




1. Introduction

SU(2),xSU(2),xU(1), model with 2 Higgs doublets

s Higgs fields with SU(2), and SU(2), doublets

/' (W’) masses can be lighter than LR model
*SU(2), multiplet fermion is required for W’ decay
**“4th generation” fermion with new SU(2) doublet is possible

“*Only one new heavy neutral Higgs

Collider physics will be interesting

fFIavor physics will be also interesting A

(It will not be discussed in this talk)
. J
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2.Model
The structure of The model

+SU(2),xSU(2),%xU(1)y, gauge symmetry

+*Particle contents

Fermions Scalar Fermions
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SM fermions + scalar “4th generation ”

» SU(2), doublet fermion is required to make W’ to decay

12,3 . 2, .
W /77 sU(2), gauge fields W'Lz > SU(2), gauge fields



2.Model

Scalar sector

G/ G
H, = H, =
(v, + p, +iG,) /2 (v, + p, +iG,) /2
SU(2), doublet SU(2), doublet

2 2
V = /J.%HIHI + ,U%H;rHQ + A1 (HIHI) + Ao (H;HQ) + /\12HIH1H§H2

+ 0,(01)~ H(hg,)  (Small mixing)

Yukawa coupling

Ly —z/U LuRH1 4+ l/ dz rHi + z/‘" L% rHy + l/NLLI/RHl
— Y{}Q'L-U%HQ + Y QrdeHy + Yi Ly e Ho + YnL'vrHs + h.c.

(i=1-4, a=1-3) _ _ Yr
Heavy fermion mass with H, VEV : My = ﬁvz




2.Model

Yukawa coupling

Ly —UU LURHI + U QLdz Hy + l/az L%e ! Hl + UNLLVRHI
+YiQ ubHy + YO doHy + YLy et Hy + Yy L'vgHy + hec.

(i=1-4, a=1-3) V.

Heavy fermion mass with H, VEV : My = ﬁvz

v Mixing between SM fermion and heavy fermions is induced
v" In this talk, we assume mixing is sufficiently small

v" A Heavy fermion decays like U — W- d' etc. via mixing effect




2.Model

Gauge bosons
*Charged gauge boson W’ (W)

No mixing at tree level

* 1 1 2 + 1 1 2
W =—W' FW"), W =—W, FW) ) 8
’ m.,, =—YV 5 m = =)
u \/5 u u u \/5 u u W 5 ) W 5 .
“*Neutral gauge boson + photon
(w \( 7 )
W u ( CxC, +SxSyS, CyS, =SSy C, S, Cyy Z'M
W: = —CyS, CyCy Sy Z,
BM \ —8yC, +CySyS, —SyS, —CySyC, CyCy / Au )
\ ) \
¢, =cos0 8 ¢ =sind 8y 8y Mass eigenstates

= — = g = —
Colgg CoJg+g Cy Cy(S7)=C0SB,(sind;) : mixing for Z-Z

2’ couplings to fermions (0,<< 1)
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2.Model

Gauge bosons
wZ,Z’ boson masses

Wigagny V8 [g+e”
: 2 2
4 4 gg—g ? mz; Mgy,

“ry 2 2 [ 2 2 2 4, 2 4 m> m>
vlg g§ T8 V2g2 +V1g 212, Z

4 Vg -g" 4g-8")

m. +m 1
2 Mg Z, 2 2 4
my,, = i—\/(mz my )+4my,
- 22
B 2
, 2m
sin20., = L2
Z 2 2
— m, —m,

**Constraint from p parameter

ex 0. 1 g m
0% =1.00040*0%03 ‘ m,, > \/T 2
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3. Collider physics

Collider physics for Z’ boson




3. Collider physics
Constraint of Z’(W’) mass from p parameter
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v' Z' should be heaver than ~1.7(1.5) TeV from 1(2)o level constraint of p
v W is slightly lighter than Z’




3. Collider physics

Constraints from Z’ to dilepton
my =my, =400 GeV, m, =m, =1TeV
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v" Constraints are stronger for smaller g,
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v’ For g,>2, p parameter constraint is stronger
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3. Collider physics
New fermion generation via Z’
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v O(1)~O(10)fb cross sections can be obtained considering the constraints

v E’,U’ are decay into SM leptons and quarks respectively




3. Collider physics

Collider physics for heavy Higgs




3. Collider physics
Gluon fusion production of heavy Higgs

‘*Effective Lagrangian for gluon fusion

24 P
L, =— —=—A,(t,)
% Sn( ~ 4cymy, !

TG (e

‘*Decay channel of H
2

82
T,
" 3on E 4e,m, A Ty)
3 Q2N 2
am g2 f ¢ g2
I'(H —yy)= L, T, )+—>-A(T,,
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3. Collider physics
Cross section & BRs for some BPs

< m_ =500 GeV My =My = 400 GeV, m, =m, =1TeV, m, =2TeV

o(pp — H) BR(H — g9) BR(H — ~vy) BR(H — E'E') BR(H — U'U'(D'D'))

go = 1.0
go = 1.5
g2 = 2.0
go = 2.5

3.5 tb 0.96 0.039 0 0
7.3 tb 0.96 0.042 0 0
13. tb 0.96 0.043 0 0
20. b 0.96 0.044 0 0

v" 0O(10) fb production cross section for large g,

v" H mainly decay into gg channel

v" Two photon BR is sizable

v" H—-yy would be tested by sufficient luminosity




3. Collider physics
Cross section & BRs for some BPs

% m,=1.0 TeV

o(pp— H) BR(H — g9) BR(H — ) BR(H — E'E") BR(H — U'U'(D'D"))
gp=10 045 fb 3.5x1072 1.4x104 0.66 0
=15 0941b 3.5x1072 1.5x1074 0.66 0
=20 161b 3.5x1073 1.5x10~% 0.66 0
g =25 25fb 3.5x1072 1.5x10~4 0.66 0

v" O(1) fb production cross section for large g,
v" H mainly decay into heavy charged leptons
v' ~33% BR for heavy neutrino channel

v' H—-E’E’->SM leptons + W/Z would be tested




Summary and Discussions

< We consider a SU(2),%xSU(2),xU(1)y model

< Scalar sector is simple with SU(2), , doublets

< Z’ and W’ boson can be <2 TeV

< We analyzed Heavy Higgs production and signature
<> More detailed analysis will be carried out

< Flavor physics: in progress

Thanks for listening !
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Decay width of Z’

fyr(Ci P+ C PR fZ,

mz: 2/ 2 2/ 9
FZ'—)f_f' =24—7r/\(mf/mzl,mff/mzl)

’ ’ m2 +m2/ m2 —mQ, 2 TN £77L £¢ ’ ’
» [((Cgf)aJr(C]J;f)a) (2_ f i f _( f . 7) >+12 foCI{fC}J;f]
mZ, mZ, mZ,

mz 2 /002 2 /2
=E/\(mf/mzwmf'/m2')
, , m2 +m?2  (m?%—m?)? M ' '
9 l((céf 2+ (4 ?) (2_ Al i >+6 7y (- (4 )2)]
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Z’ production cross section at LHC 13 TeV

o(pp—Z')|pb]
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