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Beyond the Standard Model

4 . . . B
Gauge-Higgs Unification (GHU)
g . : [D.B. Fairlie (1979)][N.S. Manton (1979)]
Extra dimension y [Y. Hosotani (1983)]
A [H. Hatanaka, T. Inami, C.S. Lim (1998)]
AyA AM — (A,LU)
Higgs?
- A,
4D spacetime
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Beyond the Standard Model

4 oo I
Grand Unified Theory (GUT)
i SUB)e X SU(2), X U(1)y (22 Who unify the SMI?
Mgyt = 2X101° GeV
az*t ()
. 2 log1o(/GeV) 1:6 :




Summary

VI?;\/(;)nd the Standard Model
Grand Gauge Higgs Unification (GGHU)

+(GUT)—([GGHU 5D SU(6) GGHU?

- [G. Burdman, Y. Nomura (2003)] A

[N. Haba, Y. Hosotani, Y. Kawamura, T. Yamashita(2004)]
[C.S. Lim, N. Maru (2007)]
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5D SU(6) Grand Gauge-Higgs Unification

( Fermion mass hierarchy [N. Maru, Y. Yatagai (2020)]
The SM fermion mass hierarchy including top quark can be realized
by introducing localized gauge kinetic terms.

N J

Gauge coupling unification ( Simplification

) We reduced the number of them.

Many bulk fermions —

r N\ A
— U(1) [K.R. Dienes, E. Dudas, T. Gherghetta (1998)]

a'=4rilg’ — — - SU@), [power-law running] [bgaﬁﬂﬂﬁrc—rmw]
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Orbifold s'/Z, [+ + ol su e Orbifold Breaking
-y [mR—y _in low energy EFTJ/[ ] +,-) (+-) (+-) (=)
(+, _) (+, _) (+r _) (_r _)

A = (+; _) (+; _) (_r +)
H (+; _) (+; _) (_r +)
(+; _) (+; _) (_r +)/

P’ (_; _) (_; _) (_, +) (_, +) (_r +)
0 R SU(6) - SU(2), X SUB) ¢ x U1y X U(1)x
(_; _) (_) _) (_; +) (_, +) (_, +) (+; +)
| . (_; _) (_) _) (_; +) (_, +) (_, +) (+; +)
Y ) \JR~Y . _|emca e & o Eo
g g Y (_r +) (_r +) (_; _) (_; _) (_, _) (+r _)
Assign 2, Parity > S G S S S S f
P = diag(+, +, +,+,+, —) 1) D) - ) E-)

{ P’ = diag(+,+,—,—, —,—)

Fermion mass hierarchy in simplified grand gauge-Higgs unification

SM Higgs field is identified with this part
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Gauge sector with localized gauge kinetic terms
Boundary aty =0 Boundary at y = iR
— 1 aMNaqoa i 1 b uvab 1 c uv c\
Gauge =B ZT Frynl— 2mRc{6(y) ZT Fol— 2mRc))6(y — mR) ZT Ty
\ J
a:SU(6) b:SUGB)XU)y c:SUR)xSU4) xU)
o dimensiocnl=escs; 11ectz parameters - SU(S) — SU(3)c X SU(Z)L X U(l)Y
ST 33c,\»*"f\(i"
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0 R




Introduction Summary
Ol0/0/00®; O

Lagrangian for the bulk and mirror fermions

Louktmirror = PilMDy ¥ + Bir™D, ¥ + (MPP + h.c.)

Bulk fermion ¥ Mirror fermion fI'J
A with opposite Z parltles each other
M=—2 ’ Mass term in the bulk
dimensionless parameters to avoid exotic massless fermions

\!
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Lagrangian for the SM fermions

12 — o - .
L = 6| X10iT*Duxie + X2iT*Dyxa- + i iT*Dy x|

Lé;f =§(y — nR)[q_fiF”Dﬂqf + EiF”DHu}% + EiF”DHd;%

+ BiTED, I3 + e3iT*D el + v3ir#D,v3]

j: “Generation” of the SM fermions
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Mixing mass terms between the bulk fermions and the SM fermions

Boundary aty =0 Bulk Boundary at y = iR

i _j,c —3 —3 —3
Eéo()({oquczo + X{o ‘P1o*c20) W0 |€20e (€™ E20 + Ur"Uzg) + €204q1" Q20
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Mixing mass terms between the bulk fermions and the SM fermions

Lsm = SO |Wsm1iT*Dybsmy + -+ | ~\

Lsmibulk = S {epsy¥ + -} )

Ly = 8 [Wsmpil*Dyhsmp + -+ | —

Loy = 8 [Psm LiTFD psmy + ]
mpsmPsm @
Lsm = 8()|[YsmriT*Dypsmp + | -

Lpulk+mirror = lT”il_‘MDMqJ + lTJiFMDqu
+(MPP + h.c.)

-

\-

Mixing mass terms between the SM fermions and
the bulk fermions produce the SM fermion masses.

~

J

[Low energy (effective theory)]
o—F
SM L =
(v )
o—
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1.724 MeV 1.291 GeV 181.918 GeV
75 2.413 MeV 1.271 GeV 177.497 GeV
80 2.223 MeV 1.290 GeV 178.684 GeV
2.16+342 MeV 1.27 £ 0.02 GeV 172 + 0.30 GeV
. om . om . m
- 5.119 MeV 94.0 MeV 4,928 GeV
75 4.727 MeV 85.2 MeV 5.090 GeV
80 4.856 MeV 84.5 MeV 5.150 GeV
4.67+348 MeV 93*11 MeV 4184333 GeV
B T 7 S Y S
0.157976 0.003336 0.041942 0.9834
75 0.165093 0.003767 0.048009 1.3759
80 0.168864 0.003985 0.044065 1.3053
0.22650 + 0.00048 0.00361+0:00011 0.04053+5:99983 1.196%39%3
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0.5093 MeV 106. 358 MeV 1912.20 MeV
75 0.5125 MeV 103.804 MeV 1856.99 MeV
80 0.5100 MeV 105.381 MeV 1899.96 MeV
0.5109989461(31) MeV 105.6583745(24) MeV 1776.86(12) MeV
S 7
7.7514%x107° eV 2.4777x1073
75 7.6760x107° eV? 2.4367x1073 eV?
80 7.7279%107° eV? 2.4670%1073 eV?
(7.53 £ 0.18)x 1075 eV? (2.453 £ 0.033)x1073 eV?
I 7 S S S
0.4421 2.234%1072 0.5200 1.7297 rad
75 0.4567 2.127%1072 0.5197 1.6267 rad
80 0.3855 2.225%10~2 0.4108 1.9167 rad
0.307 + 0.013 (2.20 + 0.07)x10~2 0.546 + 0.021 1364320 rad
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5D SU(6) srand gsauge-Higgs unification is discussed.

- The number of the bulk fermions is reduced.

—Simplified model is expected to realize perturbative gauge coupling unification.

- Fermion mass hierarchy and its mixing are reproduced.

[Reanalyzing electroweak symmetry breaking and Higgs mass ]

[ Gauge coupling unification H Proton decay ]




