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[he basic idea

How do we construct a theorg of the initial conditions
of the universe?

Inflation Providcs the answer by rcplacing initial
conditions bg clgnamics.

But...

What is the reason behind inflation?

(ould there still be traces left of Phgsics at earlier times
and highcr energies?






In a time chcndcnt backgrouncl (that is, no globa] timelike
Ki”ing vector) the definition of a vacuum is high]g non-trivial...

Examp]e: Hawking racliation



In an exPanding universe, including de Sitter space,
it is even trickier...

A Family of Possiblc vacua!

Luckilg, when the wavclcngth of a mode is short cnough,

A< 1/H

.. the exPansion can be ignorcd. Hence:

Frc{:crrcd vacuumas t - 0 and 1 - 0



(_rucial observation:

Procedure limited 139
y R 2

(Hives estimate of span of Possible vacual



fffw te on the CHBF

The generic exPcctation is of the form:

Py = (£) (1 -Lsin(%))

~

... a modulated sPcctrum!



Acoustic
, oscillations

Modulations due

to new Pl‘:gsics




Can it be seen?

This dcpcnds on having a largc cnough amPIitudc and
the riglﬂt wavclength.

q

M?
, ol 14
( -]lVCﬂ == T (7)

—

... one can show that the amPIitude and wavelcngth are givcn
according to

24 4 JE
IN4'104T

Ak . 10-3 1
E ~1.3.107 L

..where A = Y My



Example

In order to beat cosmic variance and have modulations within

the scales relevant for the CMBR we need...

~ 1072

>

& . 0(1)

T his can be achieved with
.20 £~ 107

¥

(_onsistent with old fashioned heterotic string comPacthCications...



Another example...

I rea”g slow modulation we can allow a much larger amPlitude...

H s
Z .10
’.‘
- A - 0(10)
_ 4
Ten e-foldings!

T his can be achieved with

42 <200 g ~ 1072

implying a string scale lowered bg an order of magnitudc—:

Obscrvablc signature Is running of the sPcctral parameter

between CMBR and largc scale structure



Back reaction

The presence of the non-standard vacuum gives
rise to an extra energy dcnsitg.

A rough estimate of the energy dcnsitg gives

A
pa ~ [ dpp?|BI* ~ A|BI* ~ A2H?

What about back reaction?

’ 4 , 2 MEHE
Smallif  AYB|° < MIH? hatis [BI” < i4

but whcre cloes thc energy come From?




]ntrocluce a

Source term!



| et’s consider some of the equations used to describe

cosmology in T R\W-coordinates...

3M:

H = —4—";(9 +p)

M

p+3H(p+p) =0




: 'y _ _ 4n
We will use H = 7 (P _|_p)

together with p+3H(p+p) =0

... from which we can also obtain

H?2 = 8;rrj 81
32 P 3M2 Pec

- Up to a constant of integration...

The cosmological constant!



Wlﬂat if we introduce a source term?

pr +3H(pa+pa)=gq

P, +3H(pw+pn) =0

it
with ——

Pm = WmPm
Using H= —j}g (PA +PA + Pm +DPm)
... we find

2 8

_ __8m .
H” = 3M§(pﬁ+p’”) 3M§jqdf




Thc source term is determined from

A ot 7 pra -
pa(@) = 3 [P T = LA [ e P ()

2 2
2r- A 2n- a

.. this Hiclds

q4 = IEAEHB

2

[tis straight{:orward to solve the modified [Friedmann cqua’cions
giving the result

H? = Cia™¥ + Cra¥m + 32 (1+wm)(1-3wn) 5
) 1602

3ME (14w ) 1—3w )
(14w )(1-3wm) =y

WhCI"C

112 = li‘/l— %

3nM3



More gcncral:

pa(a) = 2 dePPSg(H(§>) =5 ﬁ_jjmgg(%)

272 272

Assuming g = hyf" ,where f=fz) = fi and z=a*

... we find: ff=—-—L—h,Lp

T hisis the | mden-[Towler ccluation.

The case n=1 was solved above. Thc case n=0 can also be
solved cxactlg with the result:

2
H =Cia*+C;— 2 _}h.na
3TMZ

P

i



Back to our favorite case...

(_onsiderfor sim licity no other matter than radiation.
pheity

Wc then have: %@gﬁww mw

H2 —] Cla_zn _|_ Cza_zﬂ ' + 8 { :|_-|-‘l||,‘;;Ij ]{ ]-_31"35;'1] p
- | 3ME ) m
JJIE} { ].'|"'IL‘;;|1 ){ ].—3‘“.‘:;'5 )— 16A~

or M%
A rolling cosmological constant

whc—:re

Fli2 = li‘/l— 4A7

2
3?IMP



T he conclusion is...

In the presence of sources one can not assign

an unambiguous value to the cosmological
constant!

T o be more Precisc...

An9 fixed dimensionful cosmological constant,
IS cgcctivelg rcPlaccd by a dimensionless
parameter detcrmining the running, given bg the
ratio of a fundamental scale and the Planck scale.



Futtivg things together

(_an both kind of effects be relevant at the same time?

Lct us consider the case of a slow roll inflaton...

T his leads to...

di;(asHHf) = _Soh oS 4—”i(a4(aH¢f)2>

3nM3 M3 da



Here is a sPcchcic cxamplc...

V=2m*¢* + *

5o|ving the cquation of motion for the inflaton 3iclcis...

__m?
¢ = goa ¥ _ 4xg 92

3

glIlf - 9 72
ancl Furthcrmorc / Mp

2 4
“L(a*HH') = -5 0P H? — %92 2P HP
4

2 4

2 oM " H
2}? 2 /

8 = v

3T




“here is now a dccouPIing between the slow roll of the inflaton,

determined !C)ﬂ Einf | and the slow roll of the Hubble constant
determined bg ...

Einf

H =
H 401025

A 13,1038
L0}

£
YE
We see that we need  €ins ~ 400y2

2ny?
3

Comparing with € =

. WE tgPica”g would like n~ 103



Back to our cxample where we have

: Ao 2m? NeolNe
PO S 94_1&: i Ne
9 23 Hy

whcre is N thc numbcr o1c c~1co|clings bc{:orc the cnd o{: inﬂation...

L 4

<
<«

»
>

60 e-foldings!
With ¥ = 60 and ¢ ~ 1072 .

2 .-
ANe— 2 Ng?Ne

e 3Hj < €4Ns 5 10

... itis somewhat difficult to have a small ginr that come to
dominate and end inflation...



Another cxample...
V=—m¢>+ W

]n this case the ro”ing goes the other way.... ¢ = qﬁggf?_i

... and we find

M

5 38 ]

2 .
4 AN+ Em—? _-ME?E“"E

]mplemcntation in string thcorg?
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