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(one loop analysis)



Asymptotic GUTs
● 5D models: one extra dimension 1 compactified on                                 

● Symmetry is broken via orbifolding  (               on each boundary 2) 
remnant 4D theory
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orbifold



Any 5D geld

(scalar, fermion, gauge boson)

Ingnite tower of 4D gelds

Kaluza Klein decomposition
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SM particles∞
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Why?
●  no proton decay: lower GUT scale
●  less parameters/smaller representations
●  hierarchy problem (?)  

interesting playground for
 beyond the Standard Model

physics



RGEs: from 4D to 5D
● 4D: logarithmic running● 4D: logarithmic running● 4D: logarithmic running

● 5D: power-law running 2
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RGEs: from 4D to 5D
● 5D: couplings uow asymptotically towards a UV gxed point

G. Cacciapaglia ,et.al., 104, PRD 2021

It’s existence           good behavior in the UV

● gauge couplings

Fixed point exists for 
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RGEs: from 4D to 5D
● Yukawa couplings

Fixed point  

where the C-function is given by 3 

exists for
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RGEs: from 4D to 5D
● Scalar couplings

Fixed point condition is more complicated...  

where the C-function is given by 3 
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Assume a theory with couplings that flow asymptotically towards fixed points
+ the fixed points are perturbative

Can we renormalize the theory in the bulk and on the boundary?
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(one loop)



Disclaimer!
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What is a renormalizable theory?

+

Couplings have 
perturbative !xed 

points

Finite number of 
counterterms to 

absorb the power 
law divergencies



Renormalization of 5D gauge theories
Common lore: 5D gauge theories are non-renormalizable 4
… but under certain conditions a fixed point exists theories valid up to arbitrarily high energy scales 5
Pure Yang Mills theory
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Renormalization of 5D gauge theories
Pure Yang Mills theory

Bulk: structure of divergencies same as in 4D (at one loop)Scaling changes from logarithmic 4D ( ) to 5D linear (         )Same renormalization procedure as in 4D; finite number of counterterms are needed
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bulk boundary



Renormalization of 5D gauge theories
Pure Yang Mills theory

Boundary: renormalizability of a pure Yang Mills at the fixed pointsless straightforward than bulk 
Two-point function: 3,6

To reconstruct the full counterterm on the boundary we need higher vertex corrections as well (3-pt and 4-pt functions)
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Renormalization of 5D gauge theories
Pure Yang Mills theory

Boundary: renormalizability of a pure Yang Mills at the fixed pointsless straightforward than bulk divergencies can be absorbed by a finite number of counterterms “magic gauge” (               ): coefficients of the 2-,3- and 4-pt functions are the samelocalized counterterm can be unified into a single term 

! Theory is renormalizable both in the bulk and on the boundary (at one loop)( finite number of operators to cancel divergencies )
13/14



Renormalization of 5D gauge theories
Adding scalars and fermions

realistic models: go beyond pure Yang Mills 6,7
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Full set of
 boundary 

counterterms
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Summary and conclusions
● Naive power counting: 5D gauge-Yukawa theory is non-renormalizable
● RGEs of couplings change in 5D: power law running (compared to 4D logarithmic)
● One loop analysis: finite number of counterterms are needed to absorb divergencies
● Consistency requires the existence of UV fixed points: explicit conditions for their existencerenormalizability
Next: understand higher loop behaviour

⇒



Backup slides







A generic d-dimensional loop in a gauge-Yukawa theory will look like:
^
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Coe!cients of the localized counterterms:


