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Gauge-Higgs Unification
Ap = (Auv y)

L—3 Higgs boson

The Higgs mass is protected by a gauge symmetry
The Higgs boson obtains finite mass at 1-loop level

Effective potential is written by Wilson line phase

O ee Q/Cdy<z4y>

Hosotani mechanism

Y. Hosotani (1983)
H. Hatanaka, T. Inami, C.S. Lim (1998)



SO(5) x U(1) GHU

On the Randall-Sundrum warped (AdS) spacetime
ds” = e_%ynwdx“dx” + dy?

y=0
UV brane IR brane

=L

Agashe, Contino, Pomarol (2005)

Contino, Da Rold, Pomarol (2007)

Medina, Shah, Wagner (2007)

Sakamura, Hosotani (2007)

Hosotani, Oda, Ohnuma, Sakamura (2008)

SF, Hatanaka, Hosotani, Orikasa, Shimotani (2013)
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Hosotani mechanism



Higgs couplings

sinBy corresponds to ¢ in MCHMs

['(H—vyYy) and I (H—Zy) are evaluated in
SF, Hatanaka, Hosotani, Orikasa, Shimotani (2013)
SF, Hatanaka, Hosotani (2015)



Comments on MCHM

Agashe et al, argue
B OF] - - 9D AdS
o P A
holography

GHU on RS = holographic composite Higgs model
GHU has
@ calculable effective potential

@ restricted Lagrangian



Effective Potential

1.0
0.5

— gauge boson

0.0
V — vector rep. fermion
-0.5 — spinor rep. fermion
—1.0

0.0 05 1.0 15 20 25 3.0

O

Both vector-rep. and spinor-rep. are necessary
to obtain 64 = 0, 11/2



Mmatter content

Two types of the SO(5) x U(1) GHU models

@ quarks in 5 and non-SM fermions in 4
left-handed quarks in (2, 2)
right-handed quarks in (1, 1)

SF, Hatanaka, Hosotani, Orikasa, Shimotani (2013)

Today'’s talk

@ quarks in 4 and non-SM fermions in 5
left-handed quarks in (2, 1)
right-handed quarks in (1, 2)

SF, Hatanaka, Hosotani, Orikasa, Yamatsu (2019)
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Parameters
o metric: k eRL my

D D
o caighigtD), o7

o fermion: C¢, T

CF
(c = mBP) /)

k

One parameter ¢ L QH, TMKK IS determined



Parameters

Upper bound by LHC

’ HH 6kL ‘Ct| TNMKK (GGV)
0.10 | 2.90 x 10* 0.16116 8063
0.09 | 1.70 x 10* 0.11646 8721
0.08 | 1.01 x 10* 0.008914 9544

:

Lower bound from top-mass realisation

small 6 < large KK scale
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Fermion Localisation
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Left-handed : localised toward the UV brane
the IR brane

Right-handed : localised toward the IR brane
the UV brane (c<-

AT AR "

)
)
)
)

c——c, the left- and right-handed are reversed

mass Is invariant
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Fermion Localisation

,(30) forup (c=+1.5)

,(30) for top (c=+0.2)
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Gauge Boson Localisation

/' couples with
IR localised fermion

Z0): |ocalised toward the IR brane very slightly
Z(): localised toward the IR brane




Z-couplings

Z-boson couplings in gw /cosBw unit

for sin26w = 0.2312 and 6y = 0.10,
gZeL gZeR

SM —0.2088 « +0.2512
ce >0 | —0.2688" +0.2318
. <0 | —0.2664  H0.2338

For c<0 and 6x = 0.10, sin26w = 0.2290 is required,

soO ¢c>0 Is set.
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Z(M-couplings

Z()-boson couplings in gw /cosBw unit

for sin26w = 0.2312 and 6y = 0.10,
9zMWe; 92WVep
ce >0 | +0.0987 +0.9148

ce <0 | =100 —U0858

sign of (¢, cq)

01 M 7 (1) FZ(l)(Ia I) (Ia ) ( ; I) ( ; )
0.10 | 6989 429 1632 909 2162
0.09 | 7149 463 1674 1014 2225
0.08 | 7855 534 1705 1112 2283




Processes

Y, 4
N AR Zg)

Tree level only

Bhabha process: not yet

e
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Polarisation

lgnoring the Higgs exchange,

do 1

d cos 0 ::4:_

It Is rewritten by

do 4
dcosf

(1'_-F2_)(1'+“F2+)

(1-#..P )

}%ﬂ’::

4

dORL_

dcos0

doLR
il | Cl*‘fZ—)(l -F%+)
P = +1: right-handed
= = lett-handed
e e
RN
dorp do Ry,
Cl__}lﬁﬁcicosﬁ Cl%_}lﬁﬁ(iCOSH
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ere —Aidl

Deviation of AFB from SM (c| > 0)

Grey band: 0.32 %
stat. error of SM prediction

—— 605=0.10, s =250 GeV
— 05=0.08, V5 =250 GeV
——== 05=0.10, /s =500 GeV
——-- 04=0.08, Vs =500 GeV

—1.1 % for Pes = 0, 6 =0.10, /s =250 GeV
-2.5 % for Peit = 0.887, //

SF, Hatanaka, Hosotani, Orikasa. Phys.Lett. B775 (2017) 1 ?



ete- @ CcC

e Grey band: 0.17 %
Deviation of AFB from SM stat. error of SM prediction

Cc>0

—0.33 % for Petf = 0 +0.98 % for Pesi = 0
—0.38 % for Pesf = 0.887 +1.68 % for Pesf = 0.887

(B =0.10, /s =250 GeV)
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Grey band: 0.11—0.80 %
stat. error of SM prediction

+1.0 % for Pesi =0 +1.5 % for Pesi = 0
+4.2 % for Petf = 0.887 +7.3 % for Petf = 0.887

(6B =0.10, /s =250 GeV)



ete- = u*ru- (preliminary)

Deviation of AFB from SM (c| < 0)

—1.1 % for Pess = 0, 6 =0.10, /s =250 GeV
-3.9 % for Pesf = —0.887, //
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ete- = u*tu- (preliminary)

Deviation of do/dcosB from SM (¢ > 0)

5.8x108 events (0.4 % stat. error) in SM
for cosO = [0.8, 0.9], Petf = 0.887

R2



Summary

@ gauge-Higgs unification is a solution to
the fine-tuning problem of the Higgs mass

@ KK photon, Z, ZR are Z's
They have large coupling asymmetries

o 7 TeV Z' effects are seen by /s =250 GeV

R3S



