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Gauge-Higgs Unification model
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Symmetry breakings
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Higgs doublet

Higgs doublet is massless SO(4)

vector



gauge-Higgs unification

Higgs boson is a component of higher
dimensional gauge bosons
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Quadratic divergence is protected by
gauge symmetry



Brane scalars
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Hosotani Mechanism
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The Effective Potential
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A model
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A-model
Quark (3, 5)§ (3, 5)_%
Lepton (1,5)0 (1,5)_4
Dark fermion (1,4):
B2z s
Brane fermion (1.[2, 1])5’_6;’,_2
Brane scalar 1,1, %])2 2

Table 1: Masses and widths of Z’ bosons, ZM, (1) and Zg) (Np = 4)

O f[; mxr  mzay Lz moo Lo m ) FZS)
[rad.] [TeV] [TeV] [GeV] [TeV] [GeV] [TeV] [GeV]
0.115 10 7.41 6.00 406 6.01 909 5.67 729

0.0917 3 8.81 7.19 467 7.20 992 6.74 853
0.0737 1 10.3 8.52 564 8.52 1068 7.92 1058

Table 2: Couplings of neutral vector bosons (Z’ bosons) to fermions in unit of g, =
e/sinfy for 0y = 0.115. Corresponding Z-boson coupling in the SM are (¢%,,92) =
(0.57027,0), (9%, ¢%) = (-0.30651,0.26376), (g%, g%,) = (0.39443, —0.17584) and
(9%, 9%,) = (—0.48235,0.08792).

f ggf ggf 95(1)f 9'122(1)f gég) QIZ%}(?l)f Qf(nf g,lj(l)f
ve | 0.57041 0 —0.1968 0 0 0 0 0

v, | 0.57041 0 —0.1968 0 0 0 0 0

vy | 0.57041 0 —0.1967 0 0 0 0 0

e | —0.30659  0.26392 0.1058 1.0924 0 —1.501 | 0.1667  —1.983
po| —0.30659  0.26391 0.1058 1.0261 0 —1.420 | 0.1667  —1.863
7 | —0.30658  0.26391 0.1057  0.9732 0 —1.354 | 0.1666  —1.767
w | 0.39453 —0.17594 | —0.1361 —0.7152 0 0.9846 | —0.1111  1.2983
c | 039453 —0.17594 | —0.1361 —0.6631 0 0.9205 | —0.1111  1.2036
t | 039339 —0.17712 | 0.5068 —0.4764 | 1.0314  0.6899 0.4158 0.8666
d | —0.48247 0.087972 | 0.1665  0.3576 0 —0.4923 | 0.05557 —0.6491
s | —0.48247 0.087970 | 0.1664  0.3315 0 —0.4602 | 0.05556 —0.6018
b | —0.48254 0.087964 | —0.6303 0.2387 | 1.0292 —0.3446 | —0.2082 —0.4331
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The model has universality

Low energy physics is described
by 0,

Dark Matter physics depends on n
Relic abundance m) nrp=4

GHU model has significant deviation and
polarization dependence in forward-backward

asymmetry



B model

Gut inspired Gauge-Higgs Unification model
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TABLEIIL. Masses and widths of Z’ bosons (Z(1), (1), and Z}) are listed for @;; = 0.10 and three myy = 11, 13, 15 TeV values in the
upper table, and mygx = 13 TeV and three 8, =0.11, 0.10, 0.09 values in the lower table. m; =91.1876 GeV and ', =2.4952 GeV [81].
The column “Name” denotes each parameter set, and the column “Table” indicates the table summarizing the coupling constants in each
set.

Name 0y (rad) myg (TeV) 7r k (GeV) m,o (TeV) I'o) (TeV) mzo) (TeV) I'yo) (TeV) m,0 (TeV) Iy (TeV) Table
R R

B- 0.10 11.00 1.980 x 10% 6.933x 10" 8.715 2.080 8.713 4.773 8.420 0.603 5

B 0.10 13.00  3.865x 10" 1.599 % 10! 10.20 3.252 10.20 7.840 9.951 0.816 4

BH 0.10 15.00  2.667x10% 1.273x10"”  11.69 4.885 11.69 11.82 11.48 1.253 6

Name Oy (rad) mgg (TeV) Zr k (GeV) m,m (TeV) F?m (TeV) myu (TeV) I'y) (TeV) M (TeV) rz“‘ (TeV) Table
R R

Bt 0.11 13.00  1.021x 10" 4.223x10"7  10.15 3.836 10.15 9.374 9.951 0.924 7

B 0.10 13.00  3.865x 10" 1.599x 10" 10.20 3.252 10.20 7.840 9.951 0.816 4

B~ 0.09 13.00  2470x10° 1.022x10"3 10.26 2.723 10.26 6.413 9.951 0.732 8

TABLE IV. Coupling constants of neutral vector bosons, Z' bosons, to fermions in units of g, = ¢/sind,
are listed for 8 = 0.10 and myg = 13.00 TeV (B) in Table III, where sin® ¢, = 0.2306. Their corresponding
Z boson coupling constants in the SM are (g5 . g5 ) = (0.5703,0), (g5 . g5 ) = (=0.3065,0.2638), (g% .45 ) =
(0.3944, -0.1748), (géd. ggd) = (—0.4823,0.0879). Their corresponding y boson coupling constants are the same
as those in the SM. When the value is less than 10™*, we write 0.

Quark
Lepton

Dark fermion

Brane fermion

Brane scalar

L R L R L R L R
f 9zf 9z G705 Gz 9, Ty Gy s gy s
ve 05687 0 3.2774 0 ~1.0322 0 0 0
v, 0.5687 0 3.1207 0 —0.9852 0 0 0
v, 05687 0 3.0165 0 ~0.9539 0 0 0
—L1 le  -03058 02629  -1.7621  -0.0584  —1.0444 0 -2.7587  0.1071
3 |uw 03058 02629  -1.6778  —0.0584  —0.9969 0 ~2.6268  0.1071
7 -03058 02629  -1.6218  —0.0584  —-0.9652  0.0001 -25391  0.1070
1.5)" u 03934  —0.1753  2.1951 0.0390 0.3415 0 17807 —0.0714
( J )0 c 03934  -0.1753 21147 0.0389 0.3296 0 17154 —-0.0714
t 03938  —0.1749 17406 —0.3269 02740  —0.7395 1.4121 0.6017
d  —04811 0.0876 ~ -2.6842  0.1162 03297  —0.1801  —0.8904  —0.2113
s —0.4811 0.0876 ~ -2.5858  0.1460 03182  -02197  -0.8577  —0.2657
b —04811 00876  —2.1284  0.2900 02646  —04096  —0.7059_ —0.5279




Action
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Effective potential
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Effective potential
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Potential minimum
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Parameters

nv: number of ~ Yiis)
ne: number of \Irfé

cv: bulk mass of ¥,
Cr: bulk mass of \Ilﬁ

mv: pseudo-Dirac bulk mass of \11??(5)



Parameters

nn, Nr, Cv, Cr, Mmv
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= 0
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Asymmetry



LHC

Proton-Proton collision
- Composite particle
- Background

High energy
- Peak (mass) Search

ILC

Electron-Positron collision
- Elementary particle
- Clean signal

Low energy
- Asymmetry search

GHU : Heavy particle and Large asymmetry
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Asymmetries
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Asymmetries
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Cross section
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Arr (cosf)

Left-Right Asymmetry
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Forward-Backward Asymmetry
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ArrFB( cOSH)

Left-Right Forward-Backward Asymmetry
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