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Purpose of this Talk

�

�

�

�
We propose SO(11) Gauge-Higgs Grand Unification.

Content of this Talk:

• What is gauge-Higgs grand unification?

• SO(11) symmetry breaking pattern

• SO(11) matter content and its zero modes
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Gauge-Higgs Unification
�
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�5D bulk gauge field AM

/ \�
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�
�4 dim. components Aµ

∪�
�

�
�4D gauge fields γ,W,Z

�
�

�
�5th-dim. component Ay

∪�
�

�
�4D Higgs field H

Hosotani mechanism ⇓�

�

�

�(((((((((((((((

EW symmetry

E.g., SO(5)× U(1) GHU [2–6, K.Agashe et al’05;Y.Hosotani et al.’08-’14]
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Gauge-Higgs Grand Unification

=

�

�

�

�Gauge-Higgs Unification +

�

�

�

�Grand Unification

• To unify gauge and Higgs

bosons

• Gauge symmetry for Higgs

field

• · · ·

• To unify SM gauge bosons

• To unify SM fermions

• Charge quantization

• Anomaly cancellation

• · · ·
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Gauge-Higgs Grand Unification

=

�

�

�

�
Gauge-Higgs Unification +

�

�

�

�
Grand Unification

E.g., SU(5), SU(6), SO(11) GHGU (in M4 × S1/Z2 or RS)

[7, G.Burdman and Y.Nomura, NPB656 (2003)]

[8, N.Haba, Y.Hosotani, Y.Kawamura, T.Yamashita, PRD70 (2004)]

[9, C.S.Lim and N.Maru, PLB653 (2007)]

[10, K.Kojima, K.Takenaga, and T.Yamashita, PRD84 (2011)]

[11, M.Frigerio, J.Serre, and A.Varagnolo, JHEP1106 (2011)]

[1, Y.Hosotani and N.Yamatsu, arXiv:1504.03817]
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SO(11) gauge-Higgs GUT in RS [1, Y.Hosotani,N.Yamatsu,’15]

Symmetry breaking pattern:

SO(11)→
BC

{
SO(10) on Planck brane

SO(4)× SO(7) on TeV brane

=
BC

SO(4)× SO(6) ∼ SU(2)L × SU(2)R × SU(4)C

→
〈Φ〉

SU(3)C × SU(2)L × U(1)Y (VEV of brane scalar)

→
θH
SU(3)C × U(1)em (Hosotani mechanism [Y.Hosotani,PLB’83])
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Matter content of SO(11) gauge-Higgs GUT in RS

Bulk field AM Ψ
(a)
32 Ψ

(b)
11

SO(11) 55 32 11

5D RS1 5 4 4

Orbifold BC (−,−) (−,−)

Brane field φ16

SO(10) 16

SL(2,C) (0,0)

5th dim. Planck
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Matter content of SO(11) gauge-Higgs GUT in RS

Bulk field AM Ψ
(a)
32 Ψ

(b)
11

SO(11) 55 32 11

5D RS1 5 4 4

Orbifold BC (−,−) (−,−)

Brane field φ16

SO(10) 16

SL(2,C) (0,0)

5th dim. Planck

Orbifold boundary conditions(BC):(
Aµ

Ay

)
(x, yj − y) = Pj11

(
Aµ

−Ay

)
(x, yj + y)P−1

j11,

P011 = diag(I10,−I1), P111 = diag(I4,−I7).
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Matter content of SO(11) gauge-Higgs GUT in RS

Bulk field AM Ψ
(a)
32 Ψ

(b)
11

SO(11) 55 32 11

5D RS1 5 4 4

Orbifold BC (−,−) (−,−)

Brane field φ16

SO(10) 16

SL(2,C) (0,0)

5th dim. Planck

Orbifold boundary conditions(BC):

Ψ32(x, yj − y) = ±Pj32Γ
5Ψ32(x, yj + y),

Ψ11(x, yj − y) = ±Pj11Γ
5Ψ11(x, yj + y),

P032 = Γ
(5)
11 , P132 = Γ

(5)
1234.

12



August 25, 2015 N. Yamatsu SUSY 2015 @ Lake Tahoe, CA, USA

Zero modes of SO(11) gauge boson

Orbifold BCs on the Planck brane: SO(11) →
BC0

SO(10)

Aµ ∼

 (++)4×4 (+−)4×6 (−−)4×1

(+−)6×4 (++)6×6 (−+)6×1

(−−)1×4 (−+)1×6 (++)1×1


11×11

,

Ay ∼

 (−−)4×4 (−+)4×6 (++)4×1

(−+)6×4 (−−)6×6 (+−)6×1

(++)1×4 (+−)1×6 (−−)1×1


11×11

.
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Zero modes of SO(11) gauge boson

Orbifold BCs on the TeV brane: SO(11) →
BC1

SO(4)× SO(7)

Aµ ∼

 (++)4×4 (+−)4×6 (−−)4×1

(+−)6×4 (++)6×6 (−+)6×1

(−−)1×4 (−+)1×6 (++)1×1


11×11

,

Ay ∼

 (−−)4×4 (−+)4×6 (++)4×1

(−+)6×4 (−−)6×6 (+−)6×1

(++)1×4 (+−)1×6 (−−)1×1


11×11

.
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Zero modes of SO(11) gauge boson

BCs: SO(11) → SO(4)×
BC0,BC1

SO(6) ' SU(2)L × SU(2)R × SU(4)C

Aµ ∼

 (++)4×4 (+−)4×6 (−−)4×1

(+−)6×4 (++)6×6 (−+)6×1

(−−)1×4 (−+)1×6 (++)1×1


11×11

,

Ay ∼

 (−−)4×4 (−+)4×6 (++)4×1

(−+)6×4 (−−)6×6 (+−)6×1

(++)1×4 (+−)1×6 (−−)1×1


11×11

.
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Zero modes of SO(11) gauge boson

Orbifold BCs without brane interaction:

Aµ ∼

 W,W ′

“G”

 , Ay ∼

 H
 .

Symmetry breaking pattern:

SO(11) →
BC

GPS = SU(2)L × SU(2)R × SU(4)C.
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Zero modes of SO(11) gauge boson

Orbifold BCs with brane interaction:

Aµ ∼

 W

G

 , Ay ∼

 H
 .

Symmetry breaking pattern:

SO(11) −→ GSM =
SSB,BC

SU(3)C × SU(2)L × U(1)Y .
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Zero modes of SO(11) spinor fermion

Orbifold BCs without brane interaction:

Ψ
(a)
32 ∼

(
qL, `L

uR, dR, eR, νR

)
.

Symmetry breaking pattern:

SO(11) →
BC

GPS = SU(2)L × SU(2)R × SU(4)C.
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Zero modes of SO(11) spinor fermion

Orbifold BCs with brane interaction:

Ψ
(a)
32 ∼

(
qL, `L

uR, dR, eR

)
.

Symmetry breaking pattern:

SO(11) →
SSB,BC

GSM = SU(3)C × SU(2)L × U(1)Y .
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Summary for Zero modes in SO(11) gauge-Higgs GUT

Bulk field AM

Zero modes Gµ Wµ Aµ φ

GSM (8,1)0 (1,3)0 (1,1)0 (1,2)−1/2

SL(2,C) (1/2,1/2) (1/2,1/2) (1/2,1/2) (0,0)

Bulk field Ψ
(a)
32

Zero modes q
(a)
L u

(a)
R d

(a)
R `

(a)
L e

(a)
R

GSM (3,2)+1/6 (3,1)+2/3 (3,1)−1/3 (1,2)−1/2 (1,1)−1

SL(2,C) (1/2,0) (0,1/2) (0,1/2) (1/2,0) (0,1/2)
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Summary
We proposed SO(11) gauge-Higgs grand unification in RS.

• SO(11) symmetry is broken to SU(3)C × SU(2)L × U(1)Y by

orbifold boundary conditions and the VEV of a brane scalar field.

• The zero modes of the SO(11) bulk gauge field are the GSM

gauge fields and the SM Higgs field. The zero modes of an SO(11)

spinor fermion field are one generation of the SM fermions.

Other topics:

• Proton decay and EW symmetry breaking via Hosotani mechanism

are discussed in Ref. [1, Y.Hosotani,N.Yamatsu,’15].
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