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Based on Phys. Rev. D 105, 035026 (2104.07366) and upcoming work in
collaboration with Andrei Angelescu (MPIK), Simone Blasi(VUB) &

Florian Goertz(MPIK)



G a U ge_ H lggs U N lfl CatIO n: Manton 1979, Hosotani, Fairlie,
Gauge field in 5 Dimensions Hatanaka, Inami, Lim...
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1. No tree-level mass term by 5D gauge invariance: solution to the HP (in
warped space)

: : 1
Why Gauge-Higgs Uni.? §m?45A§ ¢ Foyn FMN /

g H
2. The scalar sector unified within the gauge sector: Ho N
break the gauge symmetry by boundary conditions . /Q”
. 3. Dynamical origin of EWSB: Hosotani Mechanism
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Agashe, Contino, Nomura, Pomarol,..

Electroweak Gauge-Higgs Unification
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Massless Gauge Bosons: 1" € H =HoNH, =SU(2), xU(1l)y ( :[Aa (+, ‘|’)D

Massless Scalars: T e G/HoNG/H1 = (1, 2)1/2 ( Z[A?L(—, —)D 3




SU(6) GHGUT: Gauge sector (1,2),

G = SU(6)
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Can be obtained from orbifold breaking
P = diag(1,1,1,1,1,—1)
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Unbroken gauge group:

(5U@) x 5UG) x Uy x U(1)x |

P' = diag(1,1,—1,—1,—1,-1)

Exactly what we need! 4
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Unbroken gauge group:
[ SU@)L x SUB). x U(L)y |




SU(6) GHGUT with Extra UV/IR Breaking:
Fermionic content
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[10L = qu(3,2)]j5 @ (3%, 1) s @ e (1, 1)
oL =05 3,1) "7 @ (1,2)7

5L = (3,1) 3 ©(1,2)), More breaking: allows for brane masses!

)

5L = (3,1) 7 ,3911(1,2)) /5
— - : 4

6L <\1L . I/%(l, 1)(4)_,4_ Siry = /d m(Mu¢20’10X15,10 -+ hC)
1p, = (1.1)7 R\*

(1 1) SIR =/d4117 (ﬁ) (Math1s, (3¢ 1)X20,(3+.1) + Max1s,3.1)%6.(3.1)

+ Mix1s.(1.2)¥6.(1.2) + MuXe,1¢91 + h.c.)

Reproduce all SM masses of the three generations + no light exotics!



Higgs potential Vitwne5) = e [ dpplogon (- v,c.5)
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Exotic scalar spectrum:  (3,1)_, 3@ (1,1),

1/R ~ 10TeV

1500 * No vev for colored scalar !
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What about the XY gauge bosons?
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Unique
to GHGUT

All extra

Little Hierarchy Problem : 1/R' > 10Tev

» Constraints on leptoquarks coupling to first generation fermions (Crivellin, Schnell arXiv: 210406417)

mxy Z 2.0 TeV

Constraints from the colored scalar: QCD double production

ms, Z 2 TeV

* Constraints from FCNCs (Csaki, Falkowski, Weiler arXiv:08041954)

dim model
MK K, ,Gluon 2 25 TeV

Y
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Tree-level flavor violation: s s
Meson MiXing
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Loop-level flavor violation:

MEG (2016)  Br(pu — ey) < 4.2 x 1071

MEG Il (207?) Br(p N e,.y) <6 x 10" 14

10~/

10—10
=
[0}
A
3
% 10—13
10716} -
6---.éu---1'0----1'5-'--2'0----2'5""3'0" 0 5 10 15 20 25 30
' 1/R [TeV]
1/R [TeV
/R [TeV] * Sleptoquark
* Higgs

e Zboson 12



Proton Decay: no perturbative decay

There is no proton decay if one can consistently extend baryon number
to each new field such that it is conserved at each vertex.

Xty ~ (3*,2)5/6

7 N

B=1/3 B=-1/3 B=0

In 4D GUTs: 10 — qr.(3, 2)1/6 D uR(3%, 1)_2/3 D er(1, 1)1
\_/X, Y ~ (372)—5/6

{10—> 7, (3, 2)1/6 ® (3%,1) 57, @ efh(1,1)]

In Gauge-Higgs GUTS: 20 = N N _
10" — (3 72)_1/6@UR(391)2/3 @(lal)—l

What about effective operators mediating proton decay ? Turns out this baryon number can be gauged in the model!;



Conclusions

G = SU(6)
* Viable SU(6) GHGUT by introducing |
more breaking on the boundaries / g
* Minimal fermionic content leads 2 N
to SM spectrum without light exotics % N
* Proton decay forbidden, . & )
exotics scalars, light X,Y bosons! W S
* Lots of directions to explore:
flavor hierarchies, gauge coupling
running, baryogenesis... MAX-PLANCKINSTITUT
Tk vou! \\\\\\ FUR KERNPHYSIK
you: GEN €@ M HEIDELBERG ngreas gally
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Higgs potential

6x107 1/R, ~ 10TeV
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21077 i g\/log R JRR’
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SU(6) GHGUT: Extra UV Breaking su(s) x

 Via UV brane scalar

SUV = /d43]((DM(I)X)T(DM(D)() — V((I)T(D) + MUCI)T¢2Q’1()X15’1O + hC)

0545 (z = R) = vx A ( = R)

e Via gauge boundary conditions
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Solves problems:

 Massless U(1) Xis eliminated!
* Up quark is massive!
* Still too constrained..

U(I)X — SU(5)
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SU(6) GHGUT: Extra IR Breaking

SU2), x SU(4) xU(1)qa — SU(2)r, x SU(3). x U(1)y

 Via IR brane scalar

Sir = /d‘lm((D,,,@A)T(D“@A) ~ V(@ ®,))

7 (pseudo) Nambu Goldstone bosons

A 9 //Q\v
SU4) x U(1)a/SUB)e x U(L)y = (3,1)-1/5 (3", 1)1/3 & (1, 1)o / /
* Via gauge boundary conditions
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SO(11)
A custodial GHGUT
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* Higgs too light

Top quark Bulk parameters Brane parameters Higgs

my|GeV] co c1 [t2 13 L6 my[GeV]
165.0 0.3696 0.4286 0.2970 | 9.05x 10 21.8 0.00249 50.96
170.0 0.3559 0.4293 5.20x10"  36.8 0.00420 51.77
175.0 0.3496  0.4286 2.95x 10" 62.8 0.00719 53.52

* Light exotics

my
— = cot %HH
My,

— Can be solved in 6D: generalized RS metric

Hosotani, Yamatsu arXiv: 1710.04811
Hosotani, Yamatsu arXiv: 1706.03503
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Holographic dictionary

Extra dimensional models/Composite Higgs models

Y The 5D model gives a calculable model
G ! for the strong sector.
Otherwise, we are left with form factors that we have to

8 7 approximate using the large SU(N) formalism
/ 2

g5
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Higgs potential
Little Hierarchy

1/R" ~ 10TeV

— Z-boson
W-boson
Top

—— Exotic

— Total

~ 5.3TeV

2
~ g\/log R'/RR’
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Proton decay: effective operators in the bulk

Proton decay by
gravitational effects

Effective operator wavefunction

/ e /RR’ a:( )" Q0L / g (R QoQuoLo

& pA 21



U(6): Gauged Baryon number
SU(6) — U(6) = SU(6) x U(1)e — Gsm x U(1)5

: Vg — e Vg Te = diag(1,1,1,1,1,1
U(l)c . Cis (spontaneously) broken “ 8 )

by the brane masses and B

W15 — e W5 . .
is the remaining symmetry

. 1
\1120 — 63za\1’20 TB — gdlag((), O, 1, 1, 1, O)
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N
\10* Y 627504/3(3*7 2):71‘1/‘6 D eia/3uR(3’ 1)2_/’3_ a 67;04(17 1)_,1+
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What about the X)Y gauge bosons?  (3,2); 4

2

m(+’_) — , ~ 025/R,
R\ [210g(%) 1

[ (+4) (+4) [( -) (+-) (+)} (=) \
(++) () ) ) )] (=)
L | T ) D)
) )| () () () | ()
() )| D) D &) | (=)
\(—) () — [

Flipping the gauge symmetries on the UV and IR brane switches
the X,Y gauge bosons from (+,-) modes to (-,4+) modes

/
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m(_’+) ~ 245/R,

y/G
m(+!_)
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Loop-level flavor violation: — ey

Suppressed by small neutrino
masses and PMNS unitarity

Y

M e M

e Higgs FCNCs due to small non-alignment

fHo Io H
Y of Higgs couplings and mass basis Y * Color factor enhancement

* Even larger FCNCs than Higgs
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