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Asymptotic GUTs

e 5D models: one extra dimension ! compactified on K = S'/Zy x 7/

y =0 y=1mR
5D
AD ‘————————|4D
G = SU(5), SO(10)
H1 Ho

« Symmetry is broken via orbifolding (G — #; on each boundary 2)

Gisp = Hi NH; D Gsm

L A. Hebecker, J. March-Russell, Nuclear Phys. B 625 (2002)
2 G. Cacciapaglia, arXiv:2309.10098 (2023)
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Kaluza Klein decomposition

Ozt y) = 300, o (a#) cos(ny/ R)

Any 5D field

Os5p

(scalar, fermion, gauge boson)

> ¢(_n) (x*) sin(ny/R)

INfinite tower of 4D fields
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Kaluza Klein decomposition

Ozt y) = 300, o (a#) cos(ny/ R)

Any 5D field

Os5p

(scalar, fermion, gauge boson)

SM particles

> ¢(_n) (x*) sin(ny/R)

INfinite tower of 4D fields
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RGEs: from 4D to 5D

. 4D: logarithmic running 16772 dd%i = bng g?

10¢
* 5D: power-law running 2 |

167290 = bl g3 + (S(t) — 1)big? s

0.10¢

uR=My R e*, for u>1/R

where S5(t) =
Q {1, otherwise 0.01

g (m)

G. Cacciapaglia ,et.al., 104, PRD 2021
2 G. Cacciapaglia, arXiv:2309.10098 (2023) 3/12



RGEs: from 4D to 5D

« 5D: couplings flow asymptotically towards a UV fixed point

It’s existence good behavior in the UV

e gauge couplings

167245 = b g7 + (S(0) — i}

Fixed point exists for b% <0
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bg(m)
G. Cacciapaglia ,et.al., 104, PRD 2021
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RGEs: from 4D to 5D

« Yukawa couplings I R > ______

1672 = g%, + (S(t) — 1)5¢

where the B-function is given by ° > ______ > _O

By = yleyy® — dyg?)

d,o — 2w

- - ~ % g - ~ %
Fixed point &) = ; exists for dyag > 2T >
y ______

Qly(g) = Oy(g) 1T

3G. Cacciapaglia, W. Isnard, R. Pasechnik, AP, (in preparation) 5/12



RGEs: from 4D to 5D

1 o TN L g
e Scalar couplings EA¢4 o % § ;

167292 = B3, + (S(t) —1)52

where the B-funcftion is given by 2 ‘LS));' {j}

Bx = ax)\® — byy* — caAg® + dag” + ex\y?

= - - - ~ -

Fixed point condition is more complicated... §

- - = - 7 ~

3G. Cacciapaglia, W. Isnard, R. Pasechnik, AP, (in preparation) 6/12



Assume a theory
with couplings that
flow asymptotically

towards fixed points

Can we renormalize
the theory in the bulk
and on the
boundary?

(one loop)

y=0 y="mR

5D
4Dl———————————————————————44D
G = SU(5), SO(10)

7{1 ?{2
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Renormalization of 5D gauge theories

Common lore: 5D gauge theories are non-renormalizable *

... but under certain conditions a fixed point exists theories valid up to arbitrarily
high energy scales °
: 1 v
Pure Yang Mills theory Ly = — 1 F75 Y
kks /KL k.ks /K5
P.P5 /—\ D5

k — p.ks/ks — ps/p5

“H. Gies, Phys. Rev. D 68 (2003)
ST. Morris, JHEP 2005 (2005)

8/12



Renormalization of 5D gauge theories

1
Pure Yang Mills theory  Lym = — ZF MY Fun
k.ks /KL koks [k
P.Ps /’\ P-P5
NIITIITI 190000000~

k — p.ks/ks — ps/p5

k — pks/ in'-, — Ps5 //Pff)

1> = |ps — conserving terms| + [ps — non-conserving terms]

Bulk: structure of divergencies same as in 4D (at one loop)

Scaling changes from logarithmic 4D (~ log A) to 5D linear (~ A )

Same renormalization procedure as in 4D; finite number of counterterms are needed
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Renormalization of 5D gauge theories

1
Pure Yang Mills theory Ly = — ZFM NE v

Boundary: renormalizability of a pure Yang Mills at the fixed points
less straightforward than bulk

Two-point function: 3,6
2 2 /2
v 9 i N Ps TP5° 4\ (e
1 = 6472 {(QW Pubv) ( 2 (€ 1)) C(G) + guv 9 (4+ (£ —-1))C(G)

To reconstruct the full counterterm on the boundary we need higher vertex corrections as well (3-pt and 4-pt functions)

3G. Cacciapaglia, W. Isnard, R. Pasechnik, AP, (in preparation)
® Hc cheng, et al., Phys. Rev. D, 66 (2002) 10/12



Renormalization of 5D gauge theories

1
Pure Yang Mills theory Ly = — ZFM NE v

Boundary: renormalizability of a pure Yang Mills at the fixed points
less straightforward than bulk

divergencies can be absorbed by a finite number of counterterms
“magic gauge” (£ = —3 ): coefficients of the 2-,3- and 4-pt functions are the same

localized counterterm can be unified into a single term — i K6 (F,, F*)

I Theory is renormalizable both in the bulk and on the boundary (at one loop)
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Renormalization of 5D gauge theories

Adding scalars and fermions

realistic models: go beyond pure Yang Mills

Yukawa interactions: finite on the boundary /

fermion and scalar 2-pt functions introduce finite number of counterterms 6

in progress: renormalizing scalar quartic interactions

< HC Cheng, et al., Phys. Rev. D, 66 (2002)

"H. Georgqi, et al, Phys. Let. B 506 (2001) 12/12



Summary and conclusions

« RGESs of couplings change in (compared to 4D logarithmic)
 Consistency of models requires the existence of

e Fixed points «— renormalizability

e Pure at one loop (both bulk and boundary)

« Going beyond Yang Mills : 50 far also renormalizable



