— |
Inflation

from
an orbifold GUT

eong Chan Park

SNU
orkshop, June 26

:099,2006



/ R
| would like to tellyou ..

Orbifold GUT Is a nice playground for model builders.

- A nice framework for unifying forces.

- Several problems (e.g., D/Tsplitting, Proton stabillity,
coupling unification..) have been successfully
addressed.

- An origin of cosmological inflation.
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My orbifold GUT model
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N.~Arkani-Hamed, H.~C.~Cheng P.~Creminelli and L.~Randall,

" Extranatural inflation," Phys. Rev. Lett. 90, 221302 (2003)
[arXiv:hep-th/0301218]

Inflaton (~A ;) Is a built-in ingredient.
C no need for arbitrarily extended sector.

V(inf) is fully radiatively generated.

(just like GHU, G.CacciapagliaC.Csakh 30! 2 + e

C No freely chosen parameter excepbne massscale.
(9 R)
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Theflathess Is robust

The inflaton potential is stable against radiative
corrections. It is protected by gauge symmetryin 5D.

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

The SM Is recovered at low energy (below
compactification scale).

No dangerous low energything comes in.

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

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

(n.= 0.920.97).
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The Model

A gauge theory on M* x (§'/Z5)

SU(5) (Potentially unifying all known gauge forces).
SU(5) is broken down to SU(3)XSU(2)XU(1) by

| OAEZAI I A POl EAAOEIT 1 8 | +Ax/
At one loop level, an effective potential (Coleman

Weinberg) for A 5 is induced by gauge self
Interactions.

V_effis indeedslowly rolling and can give inflation in
the early universe.




Orbifold gauge theory

U
A SU(N) gaugetheoryon S'/Z,
—7mR (I) T y
In general, fields aretwisted or untwisted. Fo P

U: Au(x,y+27R) =UAu(x, nyUT. M=0,1,2,3y

Po: Au(x,—v)=PoA,(x, )P, Pii Au(x,mR—y)=PiA(x, 7R+ y)P/,
A}, (x,—vy)= —POA},(X, y) Pg Ay(x,7TR—y)=—PlAy(x, TR+ y) PIT

Note : Not all of U and P& are independent.
(Po, Py, U) satisfies U = P| Py and P? = P} =1
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SU(SR SU(3)XSU(2)XU(1)

e Choice-II:
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Parity assignments —> The SM recovered

e Choice-I: No masslessscalar
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e Choice-II:

Masslessscalar

After the orbifold projection, we have (the SM) + (amasslesscalar)



The Wilson line | ? dy
alts

-gauge invariant, globally defined object.
-The Wilson line phase C Inflaton
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The Wilson line phase — A-VTR = o
P ¢ =AsVrhit 2w Rg, (r;ﬂ U)
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-fi/mp >>1 for g<<1.
-Interesting unique feature in higher D.
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After reshuffling using remaining
symmetry we have two real components

Note:



emanWeinberg
potential(D=4+d) sl o

Particle Spectrum for Kaluza-Klein states(Ansatz):

Vir = %ZI;(—UFI slos (7 + M) |
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First , we manipulate this summation.



Using Poisson resummation formula:
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we got
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The integration could be done using the formula:

oo 14d/4
/ dxml-l—dee—ar—b/z _ ( ) / }C2+d,2(2\/_) b 75 0;
0 a2 4272+ d/2), b=0

where Ko 4/0 is the Bessel function of order (2 + d/2).



