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Introduction: Why 5D GUTSs?

> The Standard Model relies on local gauge symmetries: SU(3), x SU(2); x U(1)y
> At Agur ~ 100 GeV, the gauge couplings meet: enlarge gauge structure (SU(5), SO(10)...)
> Traditional GUTs have limitations (proton decay, doublet-triplet splitting, Landau poles...)

> New paradigm: No exact unification, gauge couplings tend to the same UV fixed point
— Need power law running of the couplings, introduce 1 extra-dimension
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> Lower effective unification scale, no proton decay, natural doublet-triplet splitting [Cot 2022]
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I. Introduction to 5D Orbifolds

Adding 1 extra dimension

> Higher dimensional QFT:
- Gauge group G Py
- M =R* x C, coordinates {x*, y} |

> Extra dimension compactified on a circle/ y=0 y=nR/2
interval, radius R - - P P P,

> Define Parity on each boundary (boundary
condition for the fields)

> Action of the parity on the fields ®:
Py: @, y) ~ P @, —-y),  Pr: @(H,y) ~ Py &M, —y)

> Choose diagonal basis for Py and P: Py @ (xH, —y) = +®(xH,y)

> Classify fields according to their eigenvalues (Py, P;) = (%, %)




I. Introduction to 5D Orbifolds

Parities and Symmetry Breaking
> Kaluza Klein (KK) Decomposition:
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> Low energy effective theory: KK towers integrated out, only zero modes coming from (++)
states remain
> Apply it to gauge fields: each parity breaks the GUT gauge group G at low energies:

P :G—> H .
PG — }(Pl,P2)~Q—>'Hlﬂ‘H2

> Example: SUN), p+qg+r+s=N

2 25% - gggi‘g :Ssg((qrig } (P1, P2) : SUN) — SU(p)xSU(g)xSU(r) xSU(s)xU(1)?
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I1. Gauge Scalar and Symmetry Breaking

Potential for the gauge-scalar
> The 5D gauge field Ay decomposes as a 4D vector field A, and a scalar A5

> Gauge invariance forbids tree level potential for A5 but consider quantum corrections
— Higgs mechanism, Gauge-Higgs unification [Hosotani 1983]

> 1-loop eftective potential (Coleman Weinberg) for / fields in the model:

1 d* .
Veff(A5)=§IZ:(—1)FI/ (27:;4 log (2 +m7,)  with Fy={0,1}
o

/ ... [Quiros 1999]

— Finite potential
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I1. Gauge Scalar and Symmetry Breaking

Gauge Transformation and VEV

> 1If As develops a VEV, can use large gauge transformations along the 5th dimension to cancel it

> However, gauge transformations modify the boundary conditions, can lead to different
symmetry breaking patterns

> Use gauge transformation to build equivalence class of parities:

Choose Py and P, such as: SU(N) — SU(p) x SU(g) x SU(r) x SU(s) x U(1)?

U(p)xU(q)xU(r)xU(s)

U(q+s)xU(p—s)xU(r+s)
u() U(1)

(p=s+r)xU( = r+s )xU(s)x U(r

U(p+r)xU(q—r)xU(r+s)
U(1)




I1. Gauge Scalar and Symmetry Breaking

Orbifold Stability

> Contributions to the effective potential coming from all kind of fields:
Verr(As) = VER'E (As) + V™" (A5) + Vi (As)

> Vf?fu ¢ (As) can’t lead to the breaking of the gauge group ({(As) # 0) as it would mean that the
starting gauge group is already broken at high energy

> If it does, one can use large gauge transformation to remove the VEV — modification on the
parities, different breaking patterns

Orbifold Vacuum Stability

Vgﬁf“ge (As) must have its minimum (As) = 0

Higgs Hunti July 16th, 2025 8/15



I1. Gauge Scalar and Symmetry Breaking

Stability Criteria: example with SU(6)

(p=2,g=3,s=1) ‘ ‘ ‘ ‘ ‘ ‘
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I1. Gauge Scalar and Symmetry Breaking

Classification of stable orbifolds

” Model Breaking pattern | Stability criteria ”
SU(N) — SU(A) x SUN - 4) x U(1) stable V A
SUWN)  "SUN) = SU() x SU(g) x SU(s) X U(1)2 P> N2
Sp(2N) — Sp(2A) x Sp(2(N — A)) stable V A
Sp(2N) Sp(2N) — Sp(2p) X Sp(2q) x Sp(2s) p=N/2
Sp(2N) — SU(p) x SU(g) x U(1)? stable Yp, g
SO(2N) = SO(24) x SO(2(N - A)) stable V A
SO(2N) SO(2N) — SO(2p) x SO(2g) x SO(2s) p=N/2
SO(2N) = SU(p) x SU(g) x U(1)2 stable Vp, ¢

Higgs Hunti
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III. Example: another SU(6) model

Parity definition and Matter content

> Choice of parities leading to a stable orbifold:
Py =diag(+1--- ,+1,+1,--- ,+1,-1,--- ,=1),
Py =diag(+1,--- ,+1,-1,---,=1,-1,- -+, =1).

—_———,
p=3 q=2 s=1

> Orbifold breaking:  SU(6) — SU(3) x SU(2) x U(1)?
> Gauge-Scalar:  ¢a; = (3,1)-133
> Fermion representations leading to SM zero modes:
‘I‘g’_) Sqr+£ and ‘Pg’_) D ug +eg +df

> Scalar that contains the SM Higgs field:
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III. Example: another SU(6) model

Effective potential for the Gauge Scalar

> Effective potential:
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III. Example: another SU(6) model

A bit of phenomenology

> Compute mass of the gauge scalar ¢4, :

2 2

R O
2 _
m¢A5 =5 Ba 2Veff(a) o 4(3) 4R2 s

v

Bulk gauge interactions allow leptoquark coupling with the gauge scalar:

Lo

DMWY 5 G agls
> Leptoquark searches at LHC: My >2TeV

> Constraints on the compactification scale:

July 16th, 2025



Conclusion

» aGUTs: alternative to traditional GUTS, can be realized in 5D
» Orbifolds come in handy to build realistic models

» Stable Orbifold: the Gauge-Higgs scalar has to preserve the
gauge part of the theory

» Only a few scenario are compatible with the orbifold stability
criteria, constrains on aGUTS theories that can be built
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» More phenomenological aspects of those models still need to be
studied: flavour, matching to SM observables, localized
anomaly cancellation, KK modes phenomenology and
identification of Dark Matter candidates

» Some formal aspects on the asymptotic behaviour of those
models need to be clarified: renormalization of 5D theories on
orbifolds, non-perturbative contributions
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Thank you for your attention



Parities for G = SU(N)

> Most general parities (p+ g +r+s=N):

Py = diag(+l,---,+1, 41, -+ 41, —-1,--- ,=1,-1,---,=1),
Py = diag(+l, o4, =1, e, 1Al =1, = 1),
—
p q r K}

> Action of the parities on A,:

P q r s
S
+, = +,+ - = -+

PLP)AD = 4) (-5 ) (5o
(=) (54 (o) )

B B S -

> At low energy, only the (++) degrees of freedom remain:

SU(N) — SU(p) x SU(q) x SU(r) x SU(s) x U(1)?
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GHU and Gauge transformations

> Gauge Transformation:

ela1y/R
ela2y/R N
Q) = . . D a=0
. =
SlaNY/R

> Under this gauge transformation, an unitary matrix U € SU(N) transforms:

ei(1+2may)
el +2may)
U =Q(y+27R)UQ(>y) " =

el (AN+2mayy)

— True also for parity matrices, changed if @; are not all integers




Asymptotic Unification: @ running

> In 5D, « carries a mass dimension, define effective ' Hooft coupling:

@ = puRa M
> 1-loop 5D Beta function:
22 3% _ona - bsa? )
dlnu
bs=1c(6) -2 3 1Ry - £ S 7R 3
573 34 VT3 L
> UV fixed point for bs > 0:
. 27 @
=

> Similar for Yukawa couplings, RGE given by:

da
2n Ea

- 2 -
dinp = 27ray+cyay —dyaay (@)

> Fixed point when dy > 0, ¢y > 0 and dya@* > 27:

(©6)
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Asymptotic Unification: SU(6)

> SU(6) Beta function:

be = 61 — 16ng @
T3
> bs>0forng <3
» Yukawa term: £ D —Yu$ﬁ¢1sl{’15
> We get the following fixed point:
23 + 16n,
dy =28, cy =144 ay (8)

= 72061 — T6ng)

> We can have at most ng < 3
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