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Extra spin-1 particles (V')

Well-motivated

* Various BSM predict them.

* Extension of gauge sym - W’/Z’ boson
* New dynamics — p’ resonance

* Their mass scale is expected to be around TeV scale.
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Extra spin-1 particles (V')

There are many models
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Extra spin-1 particles (V')

There are many models

PHYSICAL REVIEW D VOLUME 23, NUNBER 1 L IANUARY 101

Rabindra N Mobapates®
NONLINEAR REALIZATION AND HIDDEN LOCAL SYMMETRIES Dupronesof Py Th iy Cole of e Gty Uiy f N Yok New York New ok 031

Masako BANDO o o 0 S

u e
Higgs models “tmm KuGo PHYSICAL REVIEW D VOLUME 11, NUMBER 3 I XS0l XAl O the effect of resonances in composite Higgs
e i s ey of M ok, Maryland 20742, USA and Left-right gauge symmetry and an “oconjugate” model of CP viols pariy. elaion low-energy weak interactions. This resat is shown to be independent of the member of
e m;" . — I e e e AT RO ——
“Natural” lftight symmetry
RN Mo
o
e I [P ity of Mok, g P, Mriond 040
PHYSICAL REVIEW D VOLUME 22, NUMBER 3 1 AvG IYSICAL BEVIEN D I 5007 2007 "‘“"“”"““""" Lad
: - AGUST 108 LEC sigaals for warpal shotrswusk sharged gumgs bosem narked that leftright symmetry of the starting 1 uuge interactions i & “natural
oo et W e . e e et
o PHYSICAL REVIEW D 88, 015019 2013) o, Uni of Ctfomla s Dl Do, Cl (CERN LHC sigals o warped dectrowesk eatal g bosons
P . sty Tt o Mot i 5421 Phenomenology of partially composite standard model W st i L o e B s (10 scheko of sk chigd xo e o e g T P
T Mot ‘bosons i the framewors u,.lw uvM (SM) fekds propagating i the mu.ur“,m i Sce
o o Tomohiro Abe! and Ryichiro Kiano'* S e o i e T e -
U@ x 'KEK Theory Center, Tsukuba 305-0801, Jag o oy e e "1‘ pe
e orependn b o the et mode The Lt S we ey o, Wi oskad 14 May 201%; "“”““W" 12 July 2013) P “:‘;‘]( [ .
Aoy Ve e Soeeomek s e S Mot ey o s seog 4 " S e e o

mixes with the W sad 2

X braking. o gve ity 20) TV s
g i e Sandrd e s bson e urly compotr w19 s s

modifed. We's W and Z a1 ,, iy o Ve e o o i
the LHC expriment, and discus the ffects o the productionidecay propertic of th Higgs boson. il et o s KX o, n it e sl we sy o v e e o S 2
DO 10,1 103/PhysRevD 8E015019. PACS numbers: 1260C, 12601, 126085, 14705 clectomeak syt sk L AT X e

an we identify the V' model if V' is discovered in the future ?

The classification of V' models is important.
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« Introduction
« Classification of V' models
» Explicit models

» Summary
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We focus on the ratio:

R LV = ff)
(V= VV)
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We focus on the ratio:

_ TV = ff) _
= (v —-vv) e

Vv

Two important parameters:

mZ

SV'ff = _gngff SV'VV = évgvvvmzv

V/

V’'ff coupling V'VV coupling
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We focus on the ratio:

(v’ Ct
R = ( / = ff) 24NC—£
(V' — VV) 3
Two important parameters:
my
Sviff = —Cr8Vff gVIvy = Cvgvvvm—z
V/

Let us impose perturbative unitarity and custodial symmetry
in the V' models.
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V' and perturbative unitarity

Let us focus on vector / fermion scattering
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V' and perturbative unitarity

Let us focus on vector / fermion scattering
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V' and perturbative unitarity

Let us focus on vector / fermion scattering

e
e
"\,
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V' and perturbative unitarity

_ _ E2  E
Let us focus on vector / fermion scattering M =~A_;+B_

),

Requiring A=0in ff - VV, we obtain

g%/ff = QVFFEVVV T+ 8V ffEVIVV
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V' and perturbative unitarity

_ _ E2  E
Let us focus on vector / fermion scattering M =~A_;+B_

),

Requiring A=0in ff > VV, VW, V'V, we obtain

1 gvvv — SVFf m%// §virr = ~Sr8vss
Cv = o
g 2 gvvv = Cv8vvv—p
Vs fe &VVV my, i

V’'VV coupling V’ff coupling
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V' and perturbative unitarity

Let us next focus on vector scattering
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V' and perturbative unitarity

Let us next focus on vector scattering

X 3 >4

E# E?
m m
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V' and perturbative unitarity

Let us next focus on vector scattering

e “D”inVV > VV, VW, V'V depend on Higgs couplings.

* FromD=0inVV > VYV, we find find some relations which
are independent from custodial singlet Higgs coupling.
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V' and perturbative unitarity

We focus on the ratio:

r(v’ C7
R = ( / = ff) 24NC—£
(V' —VV) o
Two important parameters:
my
SV'ff = _gngff SV'VV = Cvgvvvmz
V/

Let us impose perturbative unitarity and custodial symmetry
in the V' models.
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Classification of V'

We find two solutions.

2 m%/ - 1 m? !
& =& [l - af)mz] &= [1—(1—¢f2>—V]
V/

m2
viff = ~Cf8Vff

_ v
gvivv = Gv8VVV
V/

* Here we assume there is no scalars other than custodial singlets
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Classification of V'

We find two solutions. L &2
R:MZALNC%;
2 ~ 2 74
R ~ 4N R ~ 4NZ¢}
2
_ my,
SV'ff = —§ngff V'VV = Cvgvvv—mz
V/

* Here we assume there is no scalars other than custodial singlets
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Classification of V'

We find two solutions. L &2
R= m :4NC%J;
2 =74
R ~ 4N? R =~ 4N:¢5
V' mainly decays into
Fermion
(type-F)

* Here we assume there is no scalars other than custodial singlets
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Summary so far

What we found:

* V' models are classified into 2 categories

This is only based on the unitarity argument,
not rely on specific models.

1 —1
m2 _ 1 B 2
V' mainly decays into

Fermion
(type-F)
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Summary so far

What we found:

* V' models are classified into 2 categories

This is only based on the unitarity argument,
not rely on specific models.

Next to do:

* To find bench-mark models in each categories
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+ Explicit models

+ Summary
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We focus on

* SU(2),xSU(2), x U(1), gauge model
e Renormalizable
 without extra fermions
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We focus on

* SU(2),xSU(2), x U(1), gauge model
e Renormalizable
 without extra fermions

The models contains at least two scales (two VEVs)

e Models with two VEVs
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Model 1

SU(2), x SU(2), x U(1), > U(1)g,

SU(2), | SU(2), | U(1), * New particles
q. | 1 2 | 1/6
, 1 1 2/3 e One CP-evenscalar: h
* New vectors: w’, 7

d.| 1 1 |-1/3

| 1 2_|-1/2 * V'VH coupling is suppressed

e. | 1 1 -1

Hy| 2 2 | o |ngww ~ 0(0.01)

H, 1 2 1/2 EWWh
Barger-Keung-Ma (1980) * BR(V'->VH) is suppressed even for m, < m,,

Pappadopulo-Thamm-Torre-Wulzer (2014)
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BR of W’/ Z’
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BR of W/ Z

Kf=1, MHZSOOGGV, §f=0.1
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LHC constraint
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We focus on

* SU(2),xSU(2), x U(1), gauge model
e Renormalizable
 without extra fermions

The models contains at least two scales (two VEVs)

e Models with three VEVs
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\Y/[eYe [=] W

SU(2), x SU(2), x U(1), > U(1)g,

* New particles:

SWWh

su(2), | SU(2), | u(1),
a, 2 1 1/6 e Two CP-even scalars: h’, h”
u |1 1 2/3 * One CP-odd scalar: A
q 1 1 13 * Onecharged scalar: H*
R * New vectors: W, 7
- 1 | -1/2
1 1 -1 .
B * V'VX(X:heavy scalars) coupllngs
h| 2 2 0 are not suppressed
H| 1 2 1/2
Hy| 2 1 | 1/2 ‘gw'ww ~5

Abe-Kitano (2013)
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BR of W/ Z
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BR of W/ Z

¢:=0.1, v3=200GeV, K¢=1, Mgcaars=2TEV
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* V' mainly decays into bosons
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o(pp > W’ = WZ) [fb]

Abe-RN
(arXiv:1607.03706)




+ Summary
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* We classify V' models in model-independent manner.

focusing on their dominant decay mode

 We find two categories, Type-F ( V' mainly decays into
fermions) and Type-B ( V' mainly decays into bosons).

e Scalars other than custodial singlets are needed for
renormalizable type-B models.
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BACK UP SLIDES
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V' and perturbative unitarity

Let us next focus on vector scattering

K 3 ekt

e RequiringD=0inVV > VV, VW, V'V, we find find some
relations which are independent from custodial singlet Higgs

coupling.
(m%, - m%//)z ) (m%, — m%//)z 2
5 Syryy T 3 Syryry
mv mV,
2 2 2 2 2
—my (gyrvy — guvvgviviv) — My (v — §vvv8vivivr) = — Y 8vvia
A
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Classification of V'

We find two solutions.

(zuiﬂxlzﬂﬂnéﬁ>*§Si§“ﬁ>:t<zu12x1+¢§n/1¢i>
f
f

g‘% - A 2\272
4m—ﬂﬂﬁ+ﬂu—ﬂxr¢%a+gﬁ$§%
where
”l%/ 1 m%,m%/, _a 2P
r = 28 = g2 2
m?, 2 VAT 4oV i, 2
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Classification of V'
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Classification of V'

Remark If triplets (A) exist, §, depends on V’VA coupling

ZfF(V‘—>ff)/F(V'—>VV) (§v+) ZfF(V‘—>ff)/F(V'—>VV) (&v)
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0.01H e 001+ .
ooorp e b ] 00010, . .
00 02 04 06 08 1.0 00 02 04 06 08 1.0
'IN én

* If&,is non-zero, our classification still valid. & vvacouwing(1g1=1)
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Classification of V'

Remark If triplets (A) exist, §, depends on V’VA coupling

2 H(V'HH)/M(V'-VV) (§v*, my=3000GeV) > M(V'sH)/M(V'>VV) (€, my»=3000GeV)
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* If §,is non-zero, our classification still valid. &: vvacouwing(i&,1=1)
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