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Ad hoc parities

Many theoretically satisfying solutions to the short-comings of the
Standard Model
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A potential solution in the UED frame work

Universal Extra-Dimensions: all fields propagate in the bulk

® (44 n)D space: My x X,, a compact space
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A potential solution in the UED frame work

Universal Extra-Dimensions: all fields propagate in the bulk

® (44 n)D space: My x X,, a compact space
® The eigenmodes of all fields in X,, create a KK-tower.

¢ |sometries of X,,: Noether theorem imposes selection rules
for decays

A stable excitation of a neutral SM field could be Dark Matter!
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Why go to curved (n > 2) UED ?

Two limiting factors: Isometries and fermions

2UED
IUED
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Why go to curved (n > 2) UED ?

Two limiting factors: Isometries and fermions

2UED
IUED Chiral fermions, but

Odd dimensions: no constructed from both

chiral fermions left- and right-handed
Classical trick on S'/Z, Weyls

for a chiral zero-mode Similar tricks for some
(unique) R*/G

No symmetry Exactly one flat geometry

(Cacciapaglia et al.)

With greater dimensions comes greater freedom
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Survey of Positively Curved Geometries
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Positively curved geometries

Uniformization theorem

Al positively curved 2D surfaces can be described as 5?/G with
G a discrete subgroup of O(3)

9
/201

Nicolas Deutschmann Curved Extra-Dimensions



Positively curved geometries

Uniformization theorem

Al positively curved 2D surfaces can be described as 5?/G with
G a discrete subgroup of O(3)

First question: Which of these have non-trivial isometries ?
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Orbifolds with symmetries

(@) S%/C, (b) S?/Chn, (c) S%/8S, (d) S?/D,
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Orbifolds with symmetries
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(@) S%/C, (b) S?/Chn, (c) S%/8S, (d) S?/D,,

Next question: Which of this can embed 4D chiral fermions ?
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Orbifolds with symmetries

VaNE

(@ S?/C, (b) S?/Chn, (c) S%/8S, (d) S?/D,

Next question: Which of this can embed 4D chiral fermions ?
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Constructing a Reasonnahle Model
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A gauge field to kill the connection

Method from Randjbar-Daemi, Salam and Strathdee
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A gauge field to kill the connection

Method from Randjbar-Daemi, Salam and Strathdee
Add an extra U(1) gauge field X

The connection term in the two Weyl spinors of a chiral 6D
spinors become different:

Vx=0x+(X+Q7 V=014 (X —Q)x

If X cancels £ one of the chiralities has a zero-mode.
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Tentative Model

Start by writing the Standard Model Lagrangian in 6D

L= Lsu
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L= ESM - ZX;LVXMV

3
/zo‘

Nicolas Deutschmann Curved Extra-Dimensions



Tentative Model

Start by writing the Standard Model Lagrangian in 6D with the
new gauge field

1
L= ESM - ZX;U/XW/

With (X') a magnetic monopole, fixed by GR:
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Start by writing the Standard Model Lagrangian in 6D with the
new gauge field

1
L= ESM - ZX;WXW/

With (X') a magnetic monopole, fixed by GR:
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Tentative Model

Start by writing the Standard Model Lagrangian in 6D with the
new gauge field and an additional Higgs field :

1 A
L= Loy — ZXWXW + | Dy H* + p@?|H)? — 5\}1\4

With (X') a magnetic monopole, fixed by GR:

(X) = 22 cos 0d¢ = 2 cos 0do
g

K

How to hide this new gauge boson ?
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Higgs Mechanism in a Monopole Background

Need to find the minimum
2 2 12 AN prd
DaHP = 2| + 5| H]

A priori f-dependent :
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2 2 12 AN prd
DuHP = (2| HP + 511

A priori 0-dependent : Numerical Solution

Method

Minimization using
Fourier coefficients
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Higgs Mechanism in a Monopole Background

Need to find the minimum
2 2 12 AN prd
DuHP = (2| HP + 511

A priori 0-dependent : Numerical Solution

Method

Minimization using
Fourier coefficients

T
Mode
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Effects of the symmetry breaking
e Higgs:
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Effects of the symmetry breaking

 Higgs: O(1/R)
* X:g/R ~ 10 keV

Too weak coupling for collider physics.
Compatible with short-range gravity tests
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Spectrum of the model

Nicolas Deutschmann

Gaugé scalar X vector

Curved Extra-Dimensions

Extra—Hi ggs
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Some Experimental Remarks

X boson properties

Interacts too weakly for colliders
Can decay into neutrinos (I' ~ 10711 eV)

Not a good DM candidate
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Summing up the model

Spherical Extra-Dimensions are hard to construct.
e Chiral fermions do not come easily

* Need to add two extra-fields: X and H’

¢ Unsatisfying because

o X and H’ are rather untestable
o They are ugly
o Stability seems to be an issue

e Works for now but needs corrected masses
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A Brighter Horizon: Hyperbolic
Extra-Dimensions

e Fermions behave much more nicely: there is a massless mode
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A Brighter Horizon: Hyperbolic
Extra-Dimensions

e Fermions behave much more nicely: there is a massless mode

e Much more freedom: arbitrary high volumes for a given
curvature radius

e Mass gap protected by curvature radius

e Can pull down M, while keeping M i high enough

e Many features attractive for cosmology (flatness, uniformity,
inflation, ...)

* Topological constraints (genus<> V//R") make the curvature
radius the only thing to stabilize

* Quantum corrections could play a significant role as )/, goes
down
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Thank you for your attention
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