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Introduction
Inflation and the inflaton field

Inflation- - -
@ can resolve many cosmological problems e.g. horizon problem
@ provides the desired initial conditions of the hot big bang evolution

@ is strongly supported by recent observations e.g. WMAP 5-year data
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Introduction
Inflation and the inflaton field

Inflation- - -
@ can resolve many cosmological problems e.g. horizon problem
@ provides the desired initial conditions of the hot big bang evolution
@ is strongly supported by recent observations e.g. WMAP 5-year data

--- provided that the slow-roll condition is valid for the inflaton field
We need a FLAT INFLATON POTENTIAL

Question: how to force the inflaton to have flat enough potential narurall)?
Answer: we may resort to the symmetry
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Introduction
Identifying the inflaton

Inflaton = 5D non-Abelian gauge field in hidden sector

ool

= natural inflation
V~At

Advantages:
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Introduction
Identifying the inflaton

Inflaton = 5D non-Abelian gauge field in hidden sector

ool

= natural inflation
V~At

Advantages:
@ Trustable V even for f = Mp
@ No additional matter fields
© Flatness is protected — no potential at tree level

© less constrained
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SU(2) gauge theory on the 6rbifold

Gauge theory on S'/Z,: Two independent parity conditions at y= 0, 7R as

Au(x,—y) =PoAu(x,y) Py
As(x,—y) = — PyAs(x, ) Py
Au (x,mTR—-y) =P1A# (x,mR+)) P,
As(x,mR—y) =— P1As(x,mR+y) P
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Taking Py = P, = diag(1, —1), parity assignment with Py and P,
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:((——) (++))
T+ (=0

Jinn-Ouk Gong (UW-Madison) Minimal gauge inflation Pheno 2008, 29th April 5/12



SU(2) gauge theory on the 6rbifold

Gauge theory on S'/Z,: Two independent parity conditions at y= 0, 7R as

Ap(x,—y) =PyAu(x, y) Py

As(x,—y) == PoAs(x, ) Py
Au(x,mTR—-y) =P1Ay(x, TR+ y) P
As(x,mR—y) =— P1As(x,mR+y) P

Taking Py = P, = diag(1, —1), parity assignment with Py and P,

(e o
A“‘((——) (++))

(=) &+
A5‘((++) (——))

Zero modes:

Jinn-Ouk Gong (UW-Madison) Minimal gauge inflation Pheno 2008, 29th April 5/12



SU(2) gauge theory on the 6rbifold

Gauge theory on S'/Z,: Two independent parity conditions at y= 0, 7R as

Ap(x,—y) =PyAu(x, y) Py

As(x,—y) == PoAs(x, ) Py
Au(x,mTR—-y) =P1Ay(x, TR+ y) P
As(x,mR—y) =— P1As(x,mR+y) P

Taking Py = P, = diag(1, —1), parity assignment with Py and P,
A = ( (++) (=) )
e

:((——) (++))
T+ (=0
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SU(2) gauge theory on the 6rbifold

Gauge theory on S'/Z,: Two independent parity conditions at y= 0, 7R as

Ap(x,—y) =PyAu(x, y) Py

As(x,—y) == PoAs(x, ) Py
Au(x,mTR—-y) =P1Ay(x, TR+ y) P
As(x,mR—y) =— P1As(x,mR+y) P

Taking Py = P, = diag(1, —1), parity assignment with Py and P,

A :( (++) (=-) )
L)
_( (=) (++) )

e &

Zero modes: mirror photon Afl and inflaton Aé’z —¢
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The model
1-loop inflaton potential

Induced one-loop effective potential of ¢

9 X cos(nd/ fes)

Vl—loop ((/)) == (27‘[)6R4 r; P

with the effective decay constant

fot = 2ngapR) !
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The model
1-loop inflaton potential

Induced one-loop effective potential of ¢

_ 9 OZO: cos(no/ fes)
2m)¢R* = n®

1% ~loop ($) =

with the effective decay constant

fot = 2ngapR) !

The radiatively generated inflaton potential

__ 9 1 _ees[™®
V(¢)_(2n)6R4”Z [1 cos( )

=R Jett

with a cosmological constant 9¢(5)R~*/(2)8
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Cosi

Observable quantities

Leading approximation: n =1 piece — NATURAL INFLATION

.9 Ceos| 2
Ve = (2m)5R [1 cos (feff)]
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Cosmological evolution

Observable quantities

Leading approximation: n =1 piece — NATURAL INFLATION

.9 Ceos| 2
Ve = (2m)SR* [1 cos (feff)]

Observable quantities first order in the slow-roll approximation

8V
1/2
Za 3eM?
Pl
ng =1—-6¢€+2n
r=16¢

=5 [B+f)e-n)

with

Jinn-Ouk Gong (UW-Madison) Minimal gauge inflation Pheno 2008, 29th April 7112



Cosmological evolution

Analytic estimates with n =1 piece

12 _ 8V3 ferr/Mpi [, 327 (foge/ Mpp)?
% " (2m52 RMp? |* 167 (fogr/ Mpp)? +1

-N l
87 (fugp/ Mpy)?

| _32ntfesr/ Mp? ex[ N lm
167 (fo/ Mpp)2 + 1 P 87 (for! Mp))2

1 327 (fagg! Mpy)? -N ]
ng =1- 2+
871 (fugp/ Mpy)2 167 (fuge/ Mpp)2 + 1 87 (foge/ Mpy)2
-1
, 327 (fugg! Mpy)? -N ]
49
167‘[(feff/Mpl)2 +1 Sn(feff/MPl)Z

e 1 327 (fugg/ Mpp)? ox l -N ]
7 (foit/ MpD)? 167 (foir/ Mpp)? +1 87 (fofe/ Mpp)?

L, 32ne/ Mp)®
167 (fugp/ Mpp)2 +1

-N ] -1
87 (fofe/ Mpp)?

B L1+ fie  32m(foe/ Mpp)?
167 (fagg/ Mpp)2 2 167 (foge/ Mp)? +1

L, 32nen/ Mp)®
167 (fugp/ Mpp)2 +1

-N l
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Cosmological evolution

Analytic estimates with n =1 piece

12 __8Y3  ferr/Mpy 9 327 (fef/ Mp1)*
167 (fop/ Mpp)2 + 1

-N l
87 (fop/ Mp))2
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Cosmological evolution

Analytic estimates vs numerical results

| 2z | nme | r
log,,(fert/ Mpy) = 0.00 | analytic 4.96x107° | 0.952 | 0.032
log;o(RMpp) =2.04 | numerical || 4.84 x 107> | 0.955 | 0.033
log; o (fett/ Mpp) = 0.50 | analytic 1.25x 107> | 0.967 | 0.117
log;o(RMpp) =2.04 | numerical || 1.33x107° | 0.967 | 0.112
log, o (feft/ Mp1) = 1.00 | analytic 3.94x107° | 0.967 | 0.131
log;o(RMpp) =1.54 | numerical || 4.25x 107> | 0.967 | 0.130
log;o (fest/ Mpp) = 1.50 | analytic 1.25x107° | 0.967 | 0.131
log,o(RMp)) = 1.54 numerical || 1.33x107° | 0.967 | 0.112
log, (ferr/ Mpy) = 2.00 | analytic 3.94x107° | 0.967 | 0.132
log;o(RMp)) = 1.04 | numerical || 4.26x107° | 0.967 | 0.134

From the top row, Ris chosen to make A = 1073 Mp;, 107%"2 Mp; and 1072 M
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| 2z | nme | r
log,,(fert/ Mpy) = 0.00 | analytic 4.96x107° | 0.952 | 0.032
log;o(RMpp) =2.04 | numerical || 4.84 x 107> | 0.955 | 0.033
log; o (fett/ Mpp) = 0.50 | analytic 1.25x 107> | 0.967 | 0.117
log;o(RMpp) =2.04 | numerical || 1.33x107° | 0.967 | 0.112
log, o (feft/ Mp1) = 1.00 | analytic 3.94x107° | 0.967 | 0.131
log;o(RMpp) =1.54 | numerical || 4.25x 107> | 0.967 | 0.130
log;o (fest/ Mpp) = 1.50 | analytic 1.25x107° | 0.967 | 0.131
log,o(RMp)) = 1.54 numerical || 1.33x107° | 0.967 | 0.112
log, (ferr/ Mpy) = 2.00 | analytic 3.94x107° | 0.967 | 0.132
log;o(RMp)) = 1.04 | numerical || 4.26x107° | 0.967 | 0.134

From the top row, Ris chosen to make A = 1073 Mp;, 107%"2 Mp; and 1072 M

— Taking n = 1 piece is reasonably good
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Cosmological evolution

Predictions of the model

Model parameters: feff, g4p and R
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Cosmological evolution

Predictions of the model

Model parameters: feff, g4p and R

3

25 25
~ 2 - 2
H s
L1s L5
g g
R s

05 05

0 0

-1 =05 0 05 1 15 2 -5 -45 -4 -35 -3 -25 -2

log g (ferr/Mp1) logggsp

o Allowed by observations: 10™* < 221> <107° and ng ~ 0.960*0013
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Cosmological evolution

Predictions of the model

Model parameters: feff, g4p and R

3 [
0.14-  No solution n
25 25 oqp o =1.22Mp ®
[ far=0918Mp A
~ 2 ~ 2 010
5 s
Z1s 2 5 L 0.08
g B 0.06
ol 1
004 -
05 b _—
0.5 - 002 A&
0 0 0.000 ]
-1 =05 0 0.5 1 15 2 -5 -45 -4 -35 -3 -25 -2 094 095 0.96 097 098
log,o(ferr/Mp) logggsp

nr

o Allowed by observations: 10™* < 221> <107° and ng ~ 0.960*0013

@ As fotr/ Mp; — oo, with N being the number of e-folds, ng and r are
saturated
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Cosmological evolution

Predictions of the model

Model parameters: feff, g4p and R

3 [
0.14-  No solution n
25 25 oqp o =1.22Mp ®
[ far=0918Mp A
~ 2 ~ 2 010
5 s
Z1s 2 5 L 0.08
g B 0.06
ol 1
004 -
05 b _—
0.5 - 002 —A&
0 0 0.000 ]
-1 =05 0 0.5 1 15 2 -5 -45 -4 -35 -3 -25 -2 094 095 0.96 097 098
log,o(ferr/Mp) logggsp

nr

o Allowed by observations: 10™* < 221> <107° and ng ~ 0.960*0013

@ As fotr/ Mp; — oo, with N being the number of e-folds, ng and r are
saturated

@ Good agreement when the model parameters are- - -

perturbative gauge interaction (81D § (ZnRMpl)_l)
moderately compactified radius (10 < RMp; < 100)
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Cosmological evolution

Reheating temperature

After inflation ¢ oscillates at the minimum
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Cosmologic:

Reheating temperature

After inflation ¢ oscillates at the minimum
then gravitationally communicates with visible sector

3
My Mp,

M2 (fost/ Mpp)3 (RMp)

r grav =~
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Reheating temperature

After inflation ¢ oscillates at the minimum
then gravitationally communicates with visible sector

3
My Mp,

T ~—t
FME (fesr/ M) (RMpp)®

—1

(feft/ Mpy) RMpy

Energy transfer occurs well after inflation

Note that Hy,,q~ ©(0.1) > I‘grav
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Reheating temperature

After inflation ¢ oscillates at the minimum
then gravitationally communicates with visible sector

3
My Mp,

M2 (fost/ Mpp)3 (RMp)

r grav =~

—1

R
Note that Hypg~ 0 (0.1) ——>T
o (fett/ Mp)RMp %"

Energy transfer occurs well after inflation

Mp
Try S 0(0.1)4/TgrayMp) ~ ©(0.1
RH ( ) graviVipl ( )(féff/Mpl)slz (RMp1)3

e.g. fort/ Mp1 = 1 and RMpj = 100 — T3 ~ 10127 13Gev
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@ We have presented a cosmological scenario from hidden sector gauge
theory

@ In awide range of model parameters...
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without additional fields
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Conclusions

Conclusions

@ We have presented a cosmological scenario from hidden sector gauge
theory

e 5D orbifold S'/Z: simplest orbifold compactification with minimal
number of extra dimensions

o SU(2) gauge symmetry: minimal non-Abelian symmetry — V(¢)
without additional fields

e Protected by gauge symmetry

e Less constrained by low-energy experimental data

@ In awide range of model parameters...
1 < fore/ Mp; < 100, 10 < RMpy < 100

PUP~107°, ng~0.96, r~0.05

consistent with the most recent observations
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