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FIG. 3: Constraints in (mW ′ , g1)-plane. No physical solutions are in the left side of the green

line, namely the gauge couplings and/or VEV’s becomes complex numbers there. The left side of

the red (blue) line is excluded by the electroweak precision measurements (the W ′/Z ′ search by

the LHC). From the left to right panels we take v3 = 100 GeV (r > 1), v3 = 100 GeV (r < 1),

v3 = 200 GeV (r > 1), and v3 = 200 GeV (r < 1)
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FIG. 4: Constraints in (mW ′ , r)-plane. No physical solutions are in the the green region, namely

the gauge couplings and/or VEV’s becomes complex numbers there. The left side of the red (blue)

line is excluded by the electroweak precision measurements (the W ′/Z ′ search by the LHC). From

the left to right panels we take v3 = 100 GeV (r > 1), v3 = 100 GeV (r < 1), v3 = 200 GeV

(r > 1), and v3 = 200 GeV (r < 1)

B. Constraints from direct searches for W ′ and Z ′ at the LHC

In this section, we discuss the bounds from the direct searches for W ′ and Z ′ bosons at

the LHC experiments. Both ATLAS and CMS groups provides bounds on the combinations

σ·Br for each decay modes as a function of the mass of the W ′ and Z ′. Since there are

couplings to fermions through the mixing with Standard Model gauge bosons, W ′ and Z ′

can be produced via Drell-Yan processes. If the leptonic decay modes, namely W ′ → "ν

and Z ′ → "", have sizable branching fraction, there are quite strong bounds. Whereas when

W ′ is almost fermiophobic, its main decay mode is W ′ → WZ. We, therefore, consider

constraints from both processes: pp → W ′ → WZ, pp → W ′ → "ν, and pp → Z ′ → "".
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g1 > 4π

g1 > 4π

v3 = 200 GeV
•mWʼ > 1 TeV
•Wʼ can be lighter than 3 TeV, within the reach 
of LHC

fields SU(2)0 SU(2)1 U(1)2 SU(3)c

H1 2 2 0 1

H2 1 2 1/2 1

H3 2 1 1/2 1

QL 2 1 1/6 3

L 2 1 -1/2 1

uR 1 1 2/3 3

dR 1 1 -1/3 3

eR 1 1 -1 1

TABLE I: Matter fields in this model.

Higgs VEVs can be taken proportional to identity matrix:

〈H1〉 =
v1

2
, 〈H2〉 =

v2

2
, 〈H3〉 =

v3

2
, (15)

where v1, v2, and v3 are real numbers. To be realized the above vacuum as a local minimum, the following conditions
are needed:
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Or equivalently,
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Here after we use the later relations. Note that these relations does not guarantee the vacuum is global minimum.
We introduce v as

v2 =
v2
1v2

2

v2
1 + v2

2

+ v2
3 . (22)

As we will discuss in Sec. III, the relation between this v and the Fermi constant is exactly same as in the SM case,
v2 = (

√
2GF )−1, so v ∼ 246 GeV.

C. Higgs mass

From the Higgs potential, we will find the following mass terms for the physical scalar particles.

1. charged Higgs sector

V ⊃
(
π+

1 π+
2 π+

3

) (
M2

CS

)



π−

1

π−
2

π−
3


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(
πW+ πW ′+ H+

)



0 0 0
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H±








πW−
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H−



 , (23)
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•electroweak gauge symmetry:    SU(2)0 x SU(2)1 x U(1)2 
•matters and their gauge charges:

•a Higgs boson was discovered around 125 GeV
•the SM is consistent, but Higgs potential looks unnatural
•some dynamics might be behind it

•many models with dynamics are proporsed
★composite Higgs
★Little Higgs
★gauge Higgs
★walking technicolor
★...

•It is worthwhile to study phenomenology of Wʼ and Zʼ

•Let us study a model with Wʼ and Zʼ 

predict new gauge bosons
(Wʼ, WH, ρTC, ...)

•  
•H1, H2, and Wʼ can be regarded as composite states under  
some circumstance from the analogy of Hidden local 
symmetry

GSM ! SU(2)0 ×U(1)2

h = ω1
hh1 + ω2

hh2 + ω3
hh3•Higgs boson is the linear combination of h1, h2, and h3:

•If h1 and h2 are composite objects, |ωh1|2 + |ωh2|2 gives the compositeness of the Higgs boson

•ωh1 ~ 0,  ωh2 ~ 0.5 looks consistent with SM
•(ωh1)2 + (ωh2)2 ~ 30%
•compositeness of 125GeV Higgs is 30%

W ′/Z ′ W ′/Z ′
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