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The Standard Modell




Beyond the Standard Model




Fulll Unification




lll ,. : S y 4

N Exceptional Chz

»
4%
s 2
~
It

- - —— R S e .
’t~ B .3 oL Y f.'f . et
v ;
i [
-~ W™ | E



SU(3) X SU(2) X U(1)

The Standard Model



SU(5)

+ Gauge Field Unification



SO(10)

+ Fermion Unification



N\

Suggests
SUSY



SUSY E;

+ Fermion-Higgs Unification



SUSY E,

N\

Only real representations
Suggests Orbifolding



SUSY 6d E,

+ Family Unification



SUSY 6d E,
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Suggests
N=4 SUSY in 4d or
N=1 SUSY in 10d



SUSY 10d E,

Fulll Unification
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String theorists



The Model

10d QFT

N=1 Super Yang-Mills based on Eg.

A 10d vector and a 10d Weyl/Majorana fermion
in the adjoint/fundamental representation (248).









The Full Model

e‘g}
10d QFT, N=1 Super Yang-Mills based on Eg. Q,b@(o
\°$
A 10d vector and a 10d Weyl/Majorana fermion CO(OQ
in the adjoint/fundamental representation (248).
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Extra Dimensions

Open EDs
Not observed

\4

No 4d Chirality



Orbitolded Extra Dimensions

/S

Lattice group .
Compactification Orbifold group

[Incomplete Poincaré Group



The Full Model

e‘g}
10d QFT, N=1 Super Yang-Mills based on Eg. Q,b@(o
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A 10d vector and a 10d Weyl/Majorana fermion CO(OQ
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T2/ Z4



T2/ Z4



T2/ Z4






Full Symmetry




Orbifold Symmetry Breaking

})

Simultaneous breaking of ED SuperPoincaré
and Eg at compactification

VRN

Wilson Line Orbifolding

Nucl.Phys.B 960 (2020) 115209 2005.03048 [hep-ph] 31



https://arxiv.org/abs/2005.03048
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T6/ (ZSB X ZS) Eg

NN# S)

SU(3)X SU(2); X U(L)y

(N=0 S)

Free of gauge anomalies in QFT

2007.13248 [hep-ph]



https://arxiv.org/abs/2007.13248

Field Content

Single 10d N=1 gauge superfield

10d vector + 10d Majorana/Weyl fermion
in adjoint/fundamental representation (248)



Field Content

‘%M

KK tower of
4d N=1 SUSY: vector superfield and 3 chiral superfields

= 4d N=4 SUSY gauge superfield



Orbifolded Field Content
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SUSY breaking



SUSY brealking corrections

Quarks

Leptons

RHN



SUSY brealking corrections

Quarks
I Hierarchy

Leptons

RHN



SUSY brealking corrections

Quarks

\1/

Hierarchical: Small mixing
Leptons

|

Not hierarchical: Large Mixing
RHN



SUSY brealking corrections

Quarks

Leptons

RHN
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The Full Model

e‘g}
10d QFT, N=1 Super Yang-Mills based on Eg. Q,b@(o
\°$
A 10d vector and a 10d Weyl/Majorana fermion CO(OQ
in the adjoint/fundamental representation (248).
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The Full Model
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Gauge Coupling Unification

SM



Gauge Coupling Unification

SM
+ SUSY fields



Gauge Coupling Unification

SM
+ SUSY fields

+ KK modes



Gauge Coupling Unification
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Gauge Coupling Unification




Gauge Coupling Unification




Gauge Coupling Unification

L~ UQ)y — Eeg
10 KK modes wear off
0d compa¢tification
10d KK running l
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Gauge Coupling Unification




Gauge Coupling Unification



Proton Decay

Suppressed by antimmetry, KK mass, loops and g powers.



Constraints

No unification
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WN MGUT ~ 1@6 = 1@9 G@V

Viable PeV SUSY



Everything fits!




And gravity??

New degrees of freedom or

Emergent Gravity

Gravitational phenomena may arise from the same degrees of
freedom of the original theory

Class.Quant.Grav. 37 (2020) 19, 195012 1910.03599 [hep-th]



https://arxiv.org/abs/1910.03599

Conclusion



A new take on Eg Unification

(short letter)
arXiv:2107.05421

Sculpting the SM from Eg

(full details)
arXiv:2107.05495

by Alfredo Aranda, Francisco J. de Anda,
Anténio P. Morais and Roman Pasechnik
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https://arxiv.org/abs/2107.05421
https://arxiv.org/abs/2107.05495

