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Part one

Effects of a pre-inflation radiation-dominated epoch to CMB anisotropy

Outline

« Motivation: at =2 WMAP data & A CDM model is not consistent

® Our Model: we assume a pre-inflation radiation-dominated phase
before inflation

®* Numerical results

® Conclusion
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The key feature of inflation
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pk}/2 x k32, The power spectrum is a smooth curve...
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A smooth power (1) a(t) is a smooth transition function
spectrum is obtained
under two conditions (2) initial a(t) can’t be too close to the phase transition point

or \ it will lead to oscillations on power spectrum
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A ~ radiation component

Numerical results

B ~ vacuum energy

B=1A=7,5,1 and 0.1 z ~ duration of inflation
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B=1 and A=1
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B=0.1 A=7,5,1and 0.1

FIG.3 (a) B0.1A7 FIG.3 (b) BO0.1AS
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Using WMAP3 data to the chi-square fitting of the CMB anisotropy spectrum

> = 120]z = 1000|z = 3000|z = 10000}z = 30000
V2(BLAT) | 997 103 57.91 49.27 47.70
YA(B1A5) | 1299 102 57.43 49.16 47.67
Y2(B1A1) | 3548 | 98.37 | 56.12 48.87 47.59 N. ~ 10 e-folds
2(B1AO.1)| 1574 99 56.54 48.96 47.61

Note the chi-square fitting for ACDM model is 47.09 in WMAP3 data

N = Nz + Ncmb = 70 e-fO].dS

Using WMAP1 data to the chi-square fitting of the CMB anisotropy spectrum

2 =120|z = 1000|z = 3000f= = 100082 = 30000 N.~9
2(B1A7) | 630.50 | 85.45 | 65.93/| 6447 |\ 6472
(*(B145) | 82223 | 84.83 | 6581 | 6448 || 64.74
((B1A1) | 2238 | 82090 | 65.44\| 6450 | 6477
(2(B1A0.1)| 992 | 8351 | 6555 N\ 6449 /| 64.75

Note the chi-square fitting for A CDM model is 64.99 in WMAP1 data

N = N, + N_,,,p =~ 69 e-folds



Using WMAP3 data to the chi-square fitting of the CMB anisotropy spectrum

2 =120]z = 1000|z = 3000|z = 10*/z = 10"
)\ (BO.1AT) 59 49.83 47.97 4743 47.11
)1 B[] LA5) | 673 | 49.66 | 47.89 | 47.32/| 4711 |[>N_ ~ 11.5
Y2(B0.1A1) | 80.08 49.08 47.67 | 47.23\| 47.09
2{BU 1A0.1)] 77.98 483.63 47.49 47.2 | 47.08
Note the chi-square fitting for ACDM model is 47.09 in WMAP3 data
N = N.+N,,,p, >~ 71.5 e-folds
Using WMAP1 data to the chi-square fitting of the CMB anisotropy spectrum
2 =120|7 = 1000[> = 3000|z = 10*|2 = 10°
\*(BO.IAT) | 67.13 | 64.49 | 64.66 | 64.87 | 64.99 |, N ~ 7
X [B(],IAS} 69.68 64.49 64.68 64.87 | 64.98
Y [B(] 1A1) | 74.51 64.50 64.75 64.91 | 64.99
‘)‘(B(] 1A0.1)| 73.54 64.51 / 64.30 64.95 | 64.99

Note the chi-square fitting for A

N = Nz + Nc-ﬂ'zb ~ G7

M model is 64.99 in WMAP1 data



Conclusions :

(1) By adjusting the values of A( radiation component), B( vacuum energy ) and

z( duration of inflation) ,

folds between phase transition point and today’s 60 e-folds .

(2) One year WMAP data prefers our
model slightly and the pre-inflation
radiation-dominated phase was
taking place as 67 e-folds from the

end of inflation . —

(3) For choosing initial value a(t) , If the
initial value is too close to the transition
point , it will lead to an oscillating power
spectrum which is due to an improper
choice of initial a(t) . But if the initial a is in
the proper region (radiation-dominated
region) then the power spectrum is
almost the same and smooth. It's initial
condition insensitive. Therefore, the

oscillation is from a improper choice of

initial a ! ‘
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The value of Aand B ...

e We choose B=1 and B=0.1 with A=7,5,1,0.1 to do the simulation . The value of B is
from the constraint

VT =0.0265¢7 Mp,
Where the slow-roll parameter is
e = (M3,/2)(V'/V)? <0.033
The vacuum energy that drives inflation is given by
Vo = 3M.B
with 1, ~ /, and Mg = 2.1 x 10'° GeV

then B <1

No observational constraint for the value of A , it can from the particle physics model
you choose .

Therefore , the following simulations are (1) B=1 & A=7,5,1,0.1 and (2) B=0.1 &
A=7,5,1,0.1



Quantitative comparison ...

The chi-square fitting is the following

X2 — Zz,j(be _sz)cz_Jl(Dg) _ij)

(4

The measured ith band power Theoretical value
The width of the error bar in measurement

We use this chi-square fitting method to do a comparison .

The value of z correspond to an exponential expansion with the number of e-folding
from the start of inflation given by

N, =In(ai/a.) ~1nz

The total e-foldingis: N = N, + Nems

From observation that Nemp =~ 60 e-folds



Part two
Scalar field fluctuations in Schwarzschild-de Sitter space-time

arXiv:0905.2041

Outline

e Motivation: st some deviations and “axis of evil” 1?

e Our Model: we consider the inhomogenous background during
inflation, like a black hole in the space-time

e Numerical results

e Conclusion
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(1) Some deviations still exist (2) Axis of evil ?

Our model : an inhomogenous background, a black-hole init! arxiv:0905.2041

Equation for inflation fluctuation o, §) = B+ b(t, §)
Lot e(t, ) = 0
ds? = g, dytdy” = dt* — a*(t)di a(t) = et
or(t) +3§¢Bk(t) + (@) dr(t) =0 ety = Lox0
a a dt

Inflaton quantum fluctuation :  ®@«(?)

P? « k32,



A CDM model Our model

homogenous Schwarzschild-de Sitter (SdS) space-time
space-time
; 2GM L\ . 2GM SNt o,
R 2 _ . _o172,.2 2 . _o772,.2 2 2 1002
ds*= dr* — a’(t)dy? ds (1 " H*r ) dt + (1 . H=r ) dr® + r2dQ

static coordinate

a black hole locates at the origin !

we have to use planar coordinate

GM 1T, GM 17
- 1+
2a(T)r 2a(T)r

9 ) 2 2 10)2 h(r,7) =a*(7) |1+ GM |°
ds® = —f(r,7)dr* + h(r,7)(dr® + r°d?)>= "7 = 2a(7)7 |

- I =)

conformal time

0, (V=99""0,0) =0



evaporation time for a Schwarzschild black hole with mass M :

tee = 5120mG* M

and, evaporation time scale longer than that of inflation needs

Ht., > 1

which implies that

M 506 % 102 (A
My ~ " H

1
8nG = N7,



The process :

(1) Spherical symmetric () = / AR o), Prm (@) = K (kr Yo () Vi (0, 6).
J0

(2) quantization

D / dk Z |:aklnw/kl7n + aklm%‘/klm(-r)} [Clum ak’[f?“f ] — [&;[ lm> &}:"l’m] — 0,
| =o(

’
Im [Clum a!bf[f:w Ok — )Oll" mim/

ALlm ‘0> = ()
(3) Using a perturbative approach to calculate the function @k (T)

and assume the quantity ¢ = (i’ A/ H so that we can expand f and /y in powers of €

1) 2)
also write (0} = 9/5 + a,/( + a,/( -+ - - - as an expansion in powers of €
then solve the equation order by order.

Then we compute the two-point correlation function <O|(5( )(5( )|O> = /(; dk Z @kza-n(x)@?f;zm(f)

dk 2]—|—1 .,
Asal —x, OP@0 = [ ] 3 SR leu()

. k!i
the spectrum function sz(’r) _ EWM(THQ
|




A. Zeroth order

2 (0) 2 ~(0) 2 (0 2 (0 Z(Z‘|‘1) 0
87'“?9[( - T\f'/)[( o ar‘“ﬁ‘jg ) _a?““rj[( ) 9 “rjg = 0
T r r
Bessel transform @EO)('FJ) :/ dkkzjl(lﬁ?r)@g)('fr)
J0o
2 :
then we have 8299(,0) T) — aﬂ/(o + A?zg-j(,,m TV =0,
Tkl T kl kl
and the solution is
pi (1) = Cu(—kr) 2 H (=h7) + Col k)2 HY (—h7)
To choose Bunch-Davies vacuum, we take (1, — _}j)f/]ﬁ’ and Cy = 0.
The solution is -'“{0)('T) - = HT (1 — L) e kT o
Tkl A\/H ;ET ’ s
0 )LCS 0 2 H2
and ngz)(’f)zll—ﬁ o (T) 47__(1+A %)
As T —s O, Pé?) (T) . HQ/(LLT‘_Q)' scale-invariant power spectrum

of de-Sitter quantum fluctuation



B. First order

Use Green's function G/(r, 757", 7)

Z(l{rl)G: )

‘1‘"2 ‘1‘"2

&G-%@G-&G-%@G+

completeness property of spherical Bessel function
e . 2 2 .
/ dkk? [\ﬁ:;j,(/fr)] [\/jr’,j,(kr")] = o(r —1r").
Jo n T

Gir,mr', 7)) = / dkk g (7, ) (k)i (kr') |
Jo

the equation becomes 2

> ; 3
Ogr — =0-gp + K2 g = =6(7 = 7') .
T T

and taking

For the retarded Green’s function, g;, = 0 for 7/ > 7 > 7;, where 7; denotes an initial time

when the source begins to operate. For 0 > 7 > 7/,
1
27723

Gk (’F? T,) -



With this retarded Green’s function, the first order ¢,

oV (r, 1) /dAAj;Ar

s

Hence, we find that

r’M ﬁk3 5
(—kr) 2 H (—kr) (k) THP(
2 2
It is useful to rewrite TZ‘S)(T) as gigg) (1)

e _
ag(7) = 2ZF H_ 1 [/ Al K3 F (
2 §

: 1 1
+ / A e (l +1 5 ]+
J1

20T (1 +1) / a e (14
0 'k |

P+ 35)0(3

+ / Al e R (l+] — l+
J1

Bu(r) =

[|~...k.'.'*

~

The first order spectrum function is given by

Laaldr)

1
P (7) =

1,

1
( )(-r_, 7) can be expressed as

0
dr'r '9/ dr'G(r, v, 7)) I (' 7',
J T

o dk"kﬂ(kf%) / (1-7’!'7{'7‘3(}37’!)]’1(16;'?’!)f dT; —ik! ! .
0 -

—k') — (=kT)THY (—k7')(=kT)TH (—k7
2 2

)
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(el () + Bulr)el” (7))
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Numerical results
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3D plots

The asymptotic
value A%)(O)

20

k/H

A,S)(O) is suppressed

in low | and low k regions.

Comparing to the zero-order

de Sitter power spectrum, it
0 AD() IS roughly decreased by the

expansion parameter € .




Conclusion:

(1) We obtained ﬁkﬂ)(ﬂ up to first-order perturbation results in the case that the black hole
located at the origin of the coordinates, for expansion parameter satisfiede = GMH < 1 .

(2) The suppressed power of iu}(?‘) in low | and low k regions could give rise to a
suppression of the large —scale CMB anisotropy. Angular Scalo
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(3) The effect to the CMB, a detailed calculation is on going, including the black hole locates
somewhere else in the Universe.
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