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Figure 4: Spectrum of the Cosmic Microwave Background Radiation as measured by the
FIRAS instrument on COBE and a black body curve for T = 2.7277 K. Note, the error flags
have been enlarged by a factor of 400. Any distortions from the Planck curve are less than
0.005% (see Fixsen et al. , 1996).

33



WHY INFLATION?

i) Horizon Problem

TL& C“rmmc é&ck jm und  re d w‘"ﬁfh
Is "ujhbj isv(rafic. . How did

This  come aboul 7

Measurement Gf C B8R 9ives

US a ShaPsIut' o:f #,c univevsa

e T - 5x103/< : Ifwe,

observe the CBR wilh anfepnac
poc'n-h}u In @ppasif-e dir™ 4. e
sky You are 'eooklrzg at V‘ggior;s

SQPO.YG-‘GA- bj 90 (W 50) (ﬁcv’; i-ar.) /enjﬂ.;.

E : Why ds we skl measure
frtLe I °7;= 2. 742°K - . 2%+




i ) Tl’oe a/mrva&/e universe con‘fa/r;g
o a
about lbq ?ﬂ?*w/ﬁf :

Where 4.4 'aeg Come ][;om?

iid) que microwave radi w‘ﬁm:! shows

Some dagm& a:,C ahi:oﬁijJ

AT/ T ot )
/ ((QMIQQ.QQS) )Qu))ﬁlo

What is the origin of this 7

Ave ﬂ\ej Somehow velafe) b
the vest Qf the OLSMQ Structure?




—28—

Angular Scale
90° 2° 0.5° 0.2°
Smo F S U 1 T ) i
3 TT Cross Power 3
5000 £ Spectrum 3
E — A-CDM All Data E

§ WMAP
$ cBi
$ ACBAR

4000

LI+1)Cr/2x (UK2)

AAARRAMRAMASAS RARAARRARS RAARAMRARE RARML

1000
0
TE Cross Power

3 Reionization Spectrum
€ 2f p
3 S
Q e
!

0

-1 1 o e Sl B n ey o | S sk L 1 1

0 10 40 100 200 400 800 1400
Multipole moment ()

Fig. 12.— The WMAP angular power spectrum. (top:) The WMAP temperature (TT) results are consistent with the
ACBAR and CBI measurements, as shown. The TT angular power spectrum is now highly constrained. Our best fit
running index ACDM model is shown. The grey band represents the cosmic variance expected for that model. The
quadrupole has a surprisingly low amplitude. Also, there are excursions from a smooth spectrum (e.g., at £ = 40 and
£ = 210) that are only slightly larger than expected statistically. While intriguing, they may result from a combination
of cosmic variance, subdominant astrophysical processes, and small effects from approximations made for this first
year data analysis (Hinshaw et al. 2003b). We do not attach cosmological significance to them at present. More
integration time and more detailed analyses are needed. (bottom:) The temperature-polarization (TE) cross-power
spectrum, (/+1)C;/2x. (Note that this is nos multiplied by the additional factor of /.) The peak in the TE spectrum
near I ~ 300 is out of phase with the TT power spectrum, as predicted for adiabatic initial conditions. The antipeak in
the TE spectrum near / ~ 150 is evidence for superhorizon modes at decoupling, as predicted by inflationary models.

AT/T (6/ ¢)= Zaﬁm yp.\.(Q)LP)
Cl : < i Qﬁml‘z >



One. Ye.so(u.-‘—u;h of ﬂw:e. Pu%z—lcs

is DH'at'nuL 55 ihVO,<l;ﬂj LNFLATION
(‘v#)

Le.+ wus Swupfrose “‘\m{’ the very eavlﬂ

Whiverse hoad Gw Q,Pook h whach

the SCa-|e, -Fac-|'ov R({') mderwewf

accelevation . From

:.é:—‘ﬂf' +3 )
R 3 (f; 2

Pussun
€h¢r35

densily
= PpX< —f/a (j(ov R)o)
= I.V\\Hw"to‘v\ wont take place in a

(aCCQJQVNHQn) md‘“-‘-\y‘u oY Mw’“CY
Adomi neted. universe .



SW,_(,\M, TM Tt\'- V"—"'j e.avlg u.m'verse

s dominated 5'3 G @Sho(ooiu‘. Constunt .

TL(S Coldd arise ’an- o ,nomojme,bus
Scalev %@L«LS’SWI.\W

fs J>3+ V(¢)
b= Lé - VI$)

i

ok
2

If the Pahn-h}f Joyrn dominates,
PSﬁ -fs

and
H¥€ 2 -
R(t) < ¢ . L

% uj»_yk"'%.v\avj e,f\,odﬁ




'Quaf‘l'\c. LCW) Pa\-Cn‘haQ (n;:;-g-y)
u 4
gat?:ut

V($=M) = 0 ; V(@=0)* AMY/4=Y,

V(p<<cM) = é_!:_:’_“'-— b¢#

e % Z M (**2-0!#55
s Fc;Y‘ \/a <lO GEV) ¢ p\~ Cav

Medel behaves as -fn-* \/ ~ vg(l—(¢/)_.)q)
n= I- 2 oL (hs—l)//\/e

=7 @

S
Na R Q-{olb
fo ko
\ k |
;f VO/U > “\:E &'\f +b G-Uﬁtﬁd- ) EO-Q‘E\K‘P.E‘

\ conllict with WM AY



1.5¢

V(¢) «10%5

0.5¢

Ot ‘
0. 0001 0. 001 0.01

0.1 1

The Coleman-Weinberg potential V(¢) = Ap* [ln (%) — ﬂ + ATM4 for V01/4 =5 x 10 GeV
(mp =1 in the plot).



WMAP 3 : N;=0.9510-02

.

Other = N, = 0.965 £ 0.02(2)

Y v ¥ T

WMAP 1t WMAP + SDSS :
% o ® ;\.(pa' i

o002

- 1t WMAP + CBI + VSA ]
ool o At 1k o io? :
© mép?
m HZ

o002

105 090 0.95 1.00 1.05

Fig. 14.— Joint two-dimensional marginalized contours (68% and 95% confidence lev-
els) for inflationary parameters (roon2, n,) predicted by monomial potential models,
V(¢) x ", We assume a power-law primordial power spectrum, dn,/dInk =0, as these
models predict the negligible amount of running index, dn,/dink ~ —10~%. (Upper left)
WMAP only. (Upper right) WMAP+SDSS. (Lower lefi) WMAP+2dFGRS, (Lower right)
WMAP+CBI+VSA. The dashed and solid lines show the range of values predicted
for monomial inflaton models with 50 and 60 e-folds of inflation {equation (13), re-
spectively. The open and filled circles show the predictions of m3¢? and A\¢* models
for 50 and 60 e-folds of inflation. The rectangle denotes the scale-invariant Harrison-
Zel'dovich-Peebles (HZ) spectrum (n; = 1,r = 0). Note that the current data prefers
the m?¢* model over both the HZ spectrum and the A¢* model by likelihood ratios
greater than 50.
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FIG. 1: The spectral index n, vs lo,g;[l-’[;” . (GeV))] for the Coleman-Weinberg potential {green curve),
compared with the WMAP range for n, {68% and 95% confidence levels, taken from Spergel et al.,
astro-ph/0603449). Note that the tensor to scalar ratio r = 0 for V;/‘ < 10'% GeV and r =~ 0.14
for Vi/1 :» 108 GeV.
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Table 1: The inflationary parameters for the Shafi-Vilenkin model (mp = 1)

Vo 4(GeV)  A(10714) M be do  V(do)/4(GeV) ns a(—)1073 r
1013 1.0 0018 0010 3.0x10°® ~ Vit 0.938 14 9x10°18

5 x 1013 1.2 0.088 0.050 7.5x 1075 ~ V't 0.940 1.3 5x 10712
1014 1.3 017 010 3.0x10™* ~ V3t 0.940 12 9x101

5 x 10 19 079 051 7.5x1073 ~Vy"* 0.941 12 5x10°8
1015 23 15 11 0.030 ~Va* 0.941 12 9x1077

5 x 1015 48 62 51 0.71 ~ Vyt 0.942 1.0 5x10~*

1 x 10'® 5.2 12 10 3.2 9.9 x 10®°  0.952 1.0 8x1073

2 x 10% 1.1 36 35 23 1.7 x 101 0.966 0.6 0.07

3 x 101 17 8 85 72 1.9 x 101 0.967 0.6 0.11
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