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I would like to tell you ..
Orbifold GUT is a nice playground for model builders.

- A nice framework for unifying forces.

- Several problems (e.g., D/T splitting, Proton stability, 
coupling unification..) have been successfully 
addressed.

- An origin of cosmological inflation.



My orbifold GUT model
·! ÒÅÁÌÉÚÁÔÉÏÎ ÏÆ Ȱextra-natural ÉÎÆÌÁÔÉÏÎȱ 

·Inflaton (~A 5) is a built-in ingredient.

Č no need for arbitrarily extended sector.

·V(inf ) is fully radiatively generated.
(just like GHU, G.Cacciapaglia, C.Csakiȟ 30!2+  *(%0ΪΰȭɊ

Č No freely chosen parameter except one mass scale.
(g R)

N.~Arkani-Hamed, H.~C.~Cheng, P.~Creminelli and L.~Randall, 
`` Extranatural inflation,'' Phys. Rev.  Lett. 90, 221302 (2003) 

[arXiv:hep-th/0301218]



The flatness is robust
·The inflaton potential is stable against radiative 

corrections. It is protected by gauge symmetry in 5D.

·The potential is free from annoying QG corrections 
because of locality of 5D. (Inflation is driven by a 
Wilson line.)



Healthy and testable
·The SM is recovered at low energy (below 

compactification scale).

·No dangerous low energy thing comes in. 

( new particles ~1/R ~GUT scale, say, 10^16 GeVor 
heavier )

·The inflation is compatible with already known data 
from WMAP 1yr, 3yr.

(ns = 0.92-0.97).

·#ÁÎ ÂÅ ÔÅÓÔÅÄ ɉÉÎ ÐÒÉÎÃÉÐÌÅɊ ÂÙ ÏÂÓÅÒÖÉÎÇ ȬÇÒÁÖÉÔÁÔÉÏÎÁÌ 
×ÁÖÅȭ ÉÎ #-"2Ȣ ɉÒ К4Ⱦ3К ΪȢΪΪά΄ΪȢΪαɊ



The Model
·A gauge theory on 

·SU(5) (Potentially unifying all known gauge forces).

·SU(5) is broken down to SU(3)XSU(2)XU(1) by 
ÏÒÂÉÆÏÌÄ ÐÒÏÊÅÃÔÉÏÎȢ ɉ+Á×ÁÍÕÒÁ ΪΪȭȟΪΫȭɊ ÁÔ ÔÒÅÅ ÌÅÖÅÌȢ

·At one loop level, an effective potential (Coleman-
Weinberg) for A_5  is induced by gauge self 
interactions.

·V_eff is indeed slowly rolling and can give inflation in 
the early universe.



Orbifold gauge theory

A SU(N) gauge theory on 
2

1 Z/S

In general, fields are twisted or untwisted.

Note : Not all of U and Pôs are independent.

M=0,1,2,3,y



Two choices to get the SM:
SU(5)ĄSU(3)XSU(2)XU(1)

take this!

+Á×ÁÍÕÒÁ ΪΪȭ ΪΫȭ

0ÁÒË Ϊαȭ



we

Parity assignments The SM recovered

No masslessscalar

Masslessscalar

After the orbifold projection, we have (the SM) + (a masslessscalar)

+Á×ÁÍÕÒÁ ΪΪȭ ΪΫȭ

0ÁÒË Ϊαȭ



The Wilson line

-gauge invariant, globally defined object.
-The Wilson line phase  Č Inflaton
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-4ÈÉÓ ÃÁÎ ÂÅ ȰÌÁÒÇÅȱ ÉÎ ÐÅÒÔÕÒÂÁÔÉÖÅ ÒÅÇÉÍÅȡ ÓÍÁÌÌ Çή
-f/mp >>1 for g<<1.
-Interesting unique feature in higher D. 

The Wilson line phase:

After reshuffling using remaining
symmetry we have two real components.

Note:



Coleman-Weinberg 
potential(D=4+d)

Coleman-Weinberg potential

First , we  manipulate this summation.

Antoniadis,Benakli,Quiros ΪΫȭ
Cacciapaglia,Csakiȟ 3#0 Ϊίȭ




