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Abstract: | discuss how physics beyond the Planck scale and before inflation might leave an imprint on the primordial spectrum. There are
interesting limitations connected with the information paradox that suggests unexpected new ways to test ideas on quantum gravity.
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Thc genernc expectation is of the form:
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The genernc expectation is of the form:

Py = (££)°(1-Fsin(3))
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The genernc expectation is of the form:

Py = (£)(1- 4sin(3))

.. a modulated spectrumi
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Thc generc cxpectatiﬂn is of the form:

Py = (£)°(1- £sin(%))

.. a modulated spectrl_:mi
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Can it be seen?

Pirsa: 07110056 Page 28/165




Can it be seen?

This &cpends on having a ‘argc 6!’!01.15!1 ampiituc}e and
the right wavelength.
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Can it be seen?
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Can it be seen?

This c{cpencls on having a Iargc cnough amplitude and
the right wavelength.

2 Y

. M=; - .-
(iven £ = — ( ]';, )

... ONne can SI‘IOW that the amplituc}e ancl wavelength are given

accorciing to

Pirsa: 07110056 Page 31/165




Can it be seen?

This c{epencls on having a ‘argc cnough amplituc}e and

the right wavelength.

2 >

’ M-, 2
(yiven £ = — ( I;; )

... ONe can shaw that the amplituc}e anci wavelength are given

accorciing to

Z .. 4.10%L

Ak -3 _1
T‘*l.S'IO E

Pirsa: 071}9(156,# h Cre A — }/Mpf Page 32/165




Fxample

I - - 1 | - - 2
]n order to beat cosmic variance and have mcdu[ations Withm

the scales relevant for the CMBR we need...
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Fxample
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Fxample
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Example

ln order to beat cosmic variance and have modulations within

the scales relevant for the CMBR we need...

2 10
Ak
K1)

This can be achieved with

= g ~ 102

:f"'

Consistent with old fashioned heterotic string compacﬁﬁcations.-.
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Another example...

“: reauﬂ SIOW moc}ufation we Can a“ow a much larger amplitucic...
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Another example...

e N > . o =
If really slow modulation we can allow a much larger amplitude...
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Another example...

]i’ T"GB”L} SEDW moduiation wWe Can SHGW a ‘."ﬂUC%‘J iarger amp]itucie.,.

H i
Z - 107
e 2 ~ 0(10)

4

Ten e-foldings!
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(nitial conditions from where?

Ther& are essentia“g two POSSibIt“: ways to introduce

initial conditions for inHation...
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Ferhapﬁ there are other Space times that are easier to stucig
than de Sitter space?

Pirsa: 07110056 Page 56/165




Ferhaps there are other space times that are easier to stucig
than de Sitter space?

One interesting Pos5iblit3' iS:
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Ferhaps ther& are other 5Pace times that are easier to stucig
than de Sitter 5Pace?

One interesting Possib‘itﬁ iS:

Milne space
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I\’lifne space has:
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h/lifne space has:
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Naively one would e::-j;) ct the transplancldan effects to be

present in any expan ing cosmologﬂ, Milne space not excluded.
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Naive]g one would ej;) ct the b'ansplancldan etfects to be

present in any expan ing cosmolog& Milne space not excluded.

Milnc space is cspeciauﬂ simPle since itis related to Hat

Minl(owslr.ﬂ space time through a change of coordinates...

Justput = tcoshr, 7= tsinhr
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Naivelg one would eerct the transplancldan etfects to be

present in any exPanding cosmologﬂ, Milne space not excluded.

Milnc space is cspcciauﬂ simplc since itis related to Hat

Minl(owslcg space time through a change of coordinates...

Justput = fcoshr, r = tsmhr

- ds? = df* —di? - F2d*Q

.. to obtain ds? = dt* — 2(dr? + sinh*rd*Q)
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Naive]g one would GTECt the transplancldan etfects to be

present in any expan ing cosmologﬂ, Milne space not excluded.

Milne space is cspcciany simple since itis related to Hat

Minl(owslcg space time thrc}ugh a change of coordinates...

Just put ; — l‘COShJ', ;; m— fSi.l'lhI‘

: 2 . Y ~% 1N
i ds- = dt- — dr- — r-d-Q)

.. to obtain ds? = dt? — t*(dr* + sinh*rd*Q)
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Hence one would not expect any !:ransp[ancl(ian ettects
in Milne space...
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Hence one would not expect any transplancl(ian ettects

in Milne space...

.and Perha ps this conclusion carmies over to other space times

as we“?
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Hen ce one would not expeht any h'ansplan ckian etfects
in M:'ne space...

and Perha Ps thiﬁ conc IUSiOI’I cames over to other space times

as we"’7

| will argue that it does not...
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T!‘IC reason has to do with the existence of anti traPPecf surfaces...
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The reason has to do with the existence of anti traPPecl surfaces...

An anti h'appecl surfaceis a twcs-sphere where both ingoing and

outgoing normal null gcoclcsic:; cliverge.

Pirsa: 07110056 Page 73/165




TI‘I& reason has to do with the existence of anti traPPecl surfaces...

An anti traPPecl surfaceis a two-spl'lere where both ingoing and

Dutgoing normal null gcodcsics clivcrgc.
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The reason has to do with the existence of anti traPPecl surfaces...

An anti h'aPPecl surfaceis a twcs-sphere where both ingoing and
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Wit}'l k= —1 we find
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Wit}'l k= —1 we find
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Wft!‘l k= —1 we find

2 J1+r2
@=Ll ) <if

That is, no ant traPPef:i surfaces in f\/‘ilne space. This is obvious

since h/\ilnc space is rca|!3 just Minl(OWSl(B space...
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The Ragchauclhuri equaticsn tells us that matter Dbeﬂing the

weak energy condition has:

a0
dr—O
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The Ragchauclhuri equation tells us that matter obeﬂing the

weak energy condition has-:

40
dr—O

Henceis... \ /
Normal

Anti trapped
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The Ragchaudhuﬁ equation tells us that matter obeying the

weak energy condition has:

40
dr—O

Henceis... \ /
Normal

Anti trapped

imPassiHc!
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A region with anti traPPf:c:i surfaces cannot be embedded
in normal space without l}real(ing the weak energy condition

or having a singuiarity...
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A region with anti traPPccl surfaces cannot be embedded
in normal space without brcaldng the weak energy condition

or having a singu]arity.ﬂ
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Whatis the time it takes to

actua"y see t!'le: cat eva Pcrate?
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VT ~1VH~R -is certain[g too short...
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/T ~ VH ~ R --is certain[g too short...

Note that the emission rate is cmig:
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VFE ~1VH ~R --is certain[\rj too short...

Note that the emission rate is cntﬁz

I°«A~T+R*~T~ 1/R
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1/T ~1/H~ R --is certain!&; too short...

Note that the emission rate is cntﬁz

I°«A~T+R*~T~ 1/R

#
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V/T ~ 1/H~ R -is certainlg too short...

Note that the emission rate is only:

°«A~T-R>*~T~ 1/R

v p SO | r ~RYI2-R ~ R/
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1/T ~ 1/H ~ R --is certain[g too short...

Note that the emission rate is onffj:

I°«A~T> R ~T~1/R

v I r ~ R*I%-R ~ R*/2

ST >  t~RYLZ-R~PRS
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This isa VI RY |ong time...

ctua“g, can anyone survive that long?
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This isa VI RY long time...

ctua“g, can anyone survive that lcng‘?
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This isa VI RY Iong time...

Actua"g, can anyone survive that |0ng‘?
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T hisisa \.?_R\ Eong time...

Actually, can angone survive that long?
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Cor_xjectu re: 1448 ]

.. is the thermalization time

for de Sitter space.

/¥ AK...

. is the thermalization time
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lf temperature redshifts..
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If temperature redshifts._

[dT ~ [dtL

A
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If temPerature redshitts .

T3
A.?.

|diT ~ [diL- ~ | di—

gy
a -

s &ivergeﬁ Dﬂl9 iF Scale F&CtOI’S gr{:\ws SIOWCF than
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IF temperature redshifts._

Ti
A.?.

|diT ~ |diL- ~ | di—

- Gy
a A-

- ciiverges Oﬂlﬁ !F SCBIE Factor:s g!’DWS SIGWEF than

ILIB — P = Wp with w > ]
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IF temperature redshifts._

T3
A.?.

|diT ~ |diL- ~ | di—

T =
a A-

s diVEFgCS Oﬂly iF SCBIC Factor:s g!’DWS SIGWCI' than

- F
t13 = p = Wp with Wj) l‘

Need box to prevent temperature to redshift!
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_Just for amusement...
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USeFul fusion occurs it an 2 ]_ O 21 Ske Vm 3
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USCFUI fusion occurs it nTT 2 ]_ O 21 Ske Vm3

Witl‘l a volume of ]. O 3 171 3
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Al A o A 1 2% A & L.

USCFUI fusion occurs it nI'T 2 l O 21 Ske lfm 3
With a volume of ]. O 3 m 3

_wefad NE ~ 1073 ~ 10'° yems

2
n,;

TJo be compared with ‘T_3 o ]. O 20}’6&1‘8
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FUSION at ITER?
A B & A TN =% A 5 L. '

USCFUI fusion occurs if HTT 2 l O 21 Ske Lfm 3
Witl’la volume of 103m3

_wefind NT ~ 1073 ~ 101° yemrs

2
m i

To be comparec} with ‘T_3 o ]. 0 20}’6:&1‘8

]_ 04 T ..of running time would
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What about the transPlancl(ian Problem'?
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W’hat a{?out t!"ne transpian-:kian Pro?ofem'?

Reca”...
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that af@out t!‘lﬁ transpiancician Pro Hem'?
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Number of e-Fo!c}ings before thermalization:
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Number of e-FoHings before thermalization:

N ~ Hr ~ 1/R « R3/IZ ~ R2/2
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Number of e-Fcaiciings before thermalization:
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N ~ Hr ~ 1/R - R3/IZ ~ R2/2

R ~ 104,

> N-~108
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T he stri ng, landsca pe...
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