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- The inflationary Universe: cosmological perturbations of
quantum-mechanical origin and the observational status of
inflation

- Importance of the initial conditions: are inflationary predictions
sensitive to very high energy physics?

- Criticisms and problems

* Planck/String effects in the sky?
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- The Schwinger Effect |
N
4 qz
@ Production of cosmological perturbations in the
Early universe is very similar to pair creation in ‘ B_Ee
a static electric field E et
4 1 o3 [ % 1 2% g;
S=— f &'z X D,oDgo™ + §m"cpgb
€z
Dot = 9ad +iqodA, Ao = (0,0,0,—Et)
d’¢r 2, 2 2 242
= (m® + kT + k2 — 2gk.Et + ¢°E*t*) ¢z =0
L » Because the frequency is fime-dependent, the "in" vacuum is not
the "out” vacuum and there is particles creation
@ The role of the quantum scalar field is played by the perturbed metric
(which is therefore a quantum operator) and the role of the external
classical field is played by the classical background the "strength” of
e ocpgrich is now characterized by H (instead of E before) Page 6169
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LB cosmological Perturbations

® On top of the classical FLRW background,
we have small quantum perturbations of
the matter fields, and through Einstein
equations, of the metric tensor. We
have “gravitational phonons”.

@ In the early Universe, the
inhomogeneities are small and, therefore,
a linear tfreatment is possible

|
v

ds® = a*(n) {— (1 — 2¢)dn* + 2(8; B) dz'dn + [(1 — 2¢) 6;; + 28;0; E + h;;] dz*da’ }

® The two types of perturbations (density perturbations and gravitational waves) are
characterized by two time-dependent amplitudes in the Fourier space
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N The Schwinger Effect |
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@ Production of cosmological perturbations in the I -
Early universe is very similar to pair creation in E— Es
a static electric field E B
4 1 a3 - |k LI é’;
S—— Fd= 27 DaoDgo™ + §m"¢'(}5
£
Dot = 000 + iqdA, Aes = (0,0,0,—Et)
&’z 2, 1.2 2 242
s (m® + kT + k2 — 2qk.Et + ¢°E*t*) ¢z =0
L » Because the frequency is tfime-dependent, the "in" vacuum is not
the "out” vacuum and there Is particles creation
® The role of the quantum scalar field is played by the perturbed metric
(which is therefore a quantum operator) and the role of the external
classical field is played by the classical background the "strength” of
e ocpgrich is now characterized by H (instead of E before) Page 569
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- Cosmological Perturbations

® On top of the classical FLRW background,
we have small quantum perturbations of
the matter fields, and through Einstein
equations, of the metric tensor. We
have “gravitational phonons”.

@ In the early Universe, the
inhomogeneities are small and, therefore,
a linear treatment is possible

1
L4

ds® = a®*(n) {— (1 — 2¢)dn* + 2(8; B) dz'dn + [(1 — 2v) 6;; + 28;0;E + h;;] dx*dz’ }

® The two types of perturbations (density perturbations and gravitational waves) are
characterized by two time-dependent amplitudes in the Fourier space

: 1 1 - . £ ik-&
hii(m, 2) = (27)3/2 a(n) /dk Z o (A) ﬂ
S=+4.X%
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T Evolution of the Fourier scales
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W Equations of Motion

Parametric oscillators

Effective potentials

Power-law example

Pirsa: 06090026
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@ The amplitudes of gravitational waves
and density perturbations obey the
equation of a parametric oscillator

d?pus
k 2 =
d?'lz +W (k!n) ”k

i
I
I
l
I
I
I
I
I
I
Parametric amplification. a) variation of the

length of the pendulum, b) increased amplitude of
oscillations.
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M Equations of Motion I

£ 4 w? (k) s

Parametric oscillators
@ Density perturbations

Ay = k2 @D

4 Effective potentials @ Gravitational waves
a”

w?(k,n) = k* — —
a

It can also be viewed as an effective
Schroendinger equation with a effective
("time independent”) potential U:

Power-law example
Puy
S

Pirsa: 06090026 Page 12700
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K Equations of Motion

Parametric oscillators

Effective potentials

Power-law example

Valid also for slow-roll inflation
Pirsa: 06090026
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ol Initial Conditions ] Eﬁ' :

» Initially, the wave-lengths of the Fourier e

modes of astrophysical interest today o S R
were much smaller than the Hubble scale. E Ay
They do not feel the curvature of spacetime - ——7:" ™

and, therefore, the Minkowski vacuum :
quantum state is well-defined and chosen as
the initial state ¢;(7ini)|0) =0
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Eadiation

Time
® Initially, the state of the quantum graviton operator is the vacuum and, then,
it evolves into a strongly squeezed states with a non-vanishing number of particles

flfj (n,;f) — 4\/_ 1 fdk Z Pz;_.-( ) [ mm)ezk.r_i_ﬁs* ST(f]‘im)E : ]

3 2
.a(n) (2m)3/2 -
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Inflationary Observables

@ What we measure are the two-point
el
g
£

@ The power spectra that are used of

to compute the multipole moments are

f ﬂ-- *“‘ij — i dkSi]lk‘l‘a

Opss .2 07 2+ 7[0) = | TR

0[¢ .8 ¢ 7+ 7| 0) = [’@ TP (K)

with
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M A Simple Calculation of the Spectrum:s ;ﬁ'
i AR

» For inflation, the effective frequency
(and/or effective potential) is given by
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» For inflation, the effective frequency
(and/or effective potential) is given by

w?(k,n) = ¥

BB+

1,2

n

a
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» For inflation, the effective frequency
(and/or effective potential) is given by

Pl ) — A2 ﬁ(ﬂg ) %
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» For inflation, the effective frequency 10T
(and/or effective potential) is given by
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B A Simple Calculation of the Spectrum: i }#
i AR

» For inflation, the effective frequency 10
(and/or effective potential) is given by i ; .
BB +1) = g F Inflation Radiation .
?(k,n) = k% — . : e '

g =

# iy e—zk(ﬁ—’?im] -:1:-; 4 :_ R‘ghn | Eﬁpgigﬂ Ili Rﬂhm | -
V2k - Vi Mode k -
0f :
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» For inflation, the effective frequency
(and/or effective potential) is given by

w?(k,n) = K

_B(B+1)

nﬂ.
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a
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» For inflation, the effective frequency
(and/or effective potential) is given by
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SR 7>
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a(n)
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o A Simple Calculation of the Spectrum: i ?
i 72

» For inflation, the effective frequency 10
(and/or effective potential) is given by i § .
3 = 8 F Inflation Radiation
n? @ 5 3 E
g -
- e—z'k(??—’-'?ini] E A :_ R'_gi“l Eﬂfgign ui Region Il N
V2k 2 1 0 Mode k -
o 9t : T 2
p(n) = C(k)a(n) : = I i
=22 _cwy o | '.
a(n) TR, (1 — s s B
12 -3 -4 -3 -2 -1 0 1 2
» PP oK B o k2 [OR) o (1) Time
H’
= > 1
KP(k) =k™, n=28+5 k-:%:nj(k)xE
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o Inflationary predictions

In practice we have different models
characterized by the slow-roll parameters

- Large field models
- Small field models

V(g)

- Hybrid models etc ..
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- WMAP3 and inflation: large field
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- . Meon likelihood
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o WMAP3 and inflation: small field = T
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- WMAP3 and inflation: large field
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B WMAP3 and inflation g
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T WMAP3 and inflation: small field
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- Importance of the IC ' Pt

3 p@'
i = K /! r
= L ' ' ‘ i
pa L 11 S 4
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N i
i '« Np, =1le—folds | N
—-ﬂ-l_"l_ e e ey e
- T i
i . ¢ Plenck length | |
N=Log(a)
If the IC do not scale as But, the IC are fixed when the modes are
k-172 it is clear that we well-below the Planck length, where the
no longer obtain a scale- framework used (QFT in curved space-time)
invariant power-spectrum certainly breaks down
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o Import f the IC B
i portance o e Ae

The attempts to apply string theory to time-dependent backgrounds, i.e. to
cosmology, have revived the interest for bouncing models as e.g. the Pre
Big Bang model or the Ekpyrotic scenario, see

Scale factor >
M_ Gasperini & & Veneziane, Phys Rep 373, 1 (2003) Contracting phase A f/__,.-
J. Khoury,K B Ovrut P Steinhardt & N Turok, T f/"' Expanding
Phys Rev. D 64,6 123522 (2001) e /  phase

Usually, the physics is well under control
far from the bounce but unknown at the
bounce.

A
) ‘
] - = -
: Minimal size of

the gniverse

In some sense, in the case
of inflation, we face the
same problem again .. (but
not for the background!)

Flanclk length

]
., Page 34/69

Pirsa: 06090026 . S

06092006 N=Log(a)



Pirsa: 06090026 Page 35/69

19




Pirsa: 06090026 Page 36/69

0640 19




"

Remarks

1- We do not know physics beyond the Planck scale: it is therefore perfectly
legitimate to contemplate the problem and stop at this stage ..

2- One can also try to test the robustness of the inflationary predictions
to modifications of high energy physics.

3- These modifications are only phenomenological. Obviously, one has

no guarantee that, in reality, physics beyond the Planck scale is as we
imagine. Therefore, these considerations are necessarily very speculative
and, hence, of “quite limited” impact.

4- The relevant scale is not necessarily the Planck scale, it could be the
string scale or something else.

Pirsa: 06090026 Page 37/69
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Planck/String Physics in the CMB#®

II T - T

I i | r ry 1 [ I

| = -
= - : Flanck length

%
I L1 i I | L) | I | = | |\' W | |

- i . & .

N=Log(a)

All approaches to Quantum Gravity (String theory, Non-commutative space-time,

LQG, DSR efc .. ) predicts new physics at some new characteristic scale

L —M_

Which modifications??
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i) Which modifications?

R ——

=

1 ———

) (L. =M Modified dispersion relations on scales
) st “ #9541 smaller than the Planck length??
_ The dispersion relation of the quantum
R 1 fluctuations could change when the
— & perturbations start feeling the
- st X - 1+ “granularity” of space-time (like

—~ Phufms Rotons phonons in crystals)

= L = S

““1_*‘\ o .0 20 30

“";ﬁ : MOMENTUM (&) >>80

. N | .
L |
1 ;EN,. =lle-—l'uld=:; _,,.,-""
_4& N _:_ S _-I-"", B - ¥ -
? [ -7 - 7e—folds

- 7—1 : _ - : - .‘: A
bc = M, .:-".J i ; Planck length
e o I R I -
N=Log(a)

This allows to identify what is needed beyond the Planck scale in order to get a
modification of the inflationary spectrum: is the adiabatic regime still satisfied

"E5818%W° the Planck length?
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o Which modifications? ? f_

The new dispersion relation does not [ e
change the type of equation describing _ Standerd
the perturbations but the time-dependent 7
frequency is modified " |Corley/Jacobson &_>0 Wk
b :_..* -.f‘_-‘K__G
d?pu 2 - Wi
= +w* (k,p)p =0 ~ | . = :
e L e Unruh
2 /- e
with 3 P L
. BB+1 ) ol ]
k) = Kzalm) — 2 A F _
k Corley/Jacobson b,<0
(1) = (1) | 20
K Wphys | 20

When do we get a modification L
phys
of the spectrum?

- J. Martin & R. H. Brnndenbergerpaggﬁg 63
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- Historical Digression {‘ﬁi. §

| | "

@ The Schroedinger equation reads:

E ==
drg + -~ ( 2 r) un,l 0

> _ 2m Ze\ e+1)
w*(E,r) = 3z (E = — e

@ This is similar to the cosmological case

B(B+1)
nz

- Close to the nucleus ~ super-Hubble scales

w? (k.m) = K —

- Far from the nucleus ~ sub-Hubble scales

Vmin

J. Martin & D. J. Schwarz, PRD 67

Pirsa: 06090026 083512 (2003), qsfm—phf?jffﬁi)9ﬂ
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- Historical Digression |

® The WKB approximation leads to the v;ﬁ(? = " e
Bohr-Sommerfeld quantization rule 1

which gives

1Vmin ______________

Bounded states

e — —m;‘;? {(n E) %) + e+ 1)]1’2}_2

9
The factor (£ + 1)is wrong and shouid be repiaced by ({’ 2T l) :
“ failure of the WKB method” ? 8

Pirsa: 06090026 Page 42/69
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B Historical Digression '

@ During many years, atomic

APRIL 15. 1937

PHYSICAL REVIEW

VOLUME 51

On the Connection Formulas and the Solutions of the Wave Equation

Rupocra E. LANGER
Depariment of Mathematics, University of Wisconsin, Madison, Wisconsin

Part 1 gives a general discussion of asymptotic represen-
tations of the solutions of the ome-dimensional wave
equation. The forms ordinarily used in the so-called
W. K. B. method are multiple valued and consequently
necessitate a consideration of the Stokes” phenomenon,
in anv region about a turning point, i.e., a point in which
the kinetic energy changes sign. Except under restricuve
hypotheses they give no description of the solutions near
the turning points. The author”s method for representing
the solutions of such differential equations by means of
single valued functions is discussed, and the formulas
applicable to the wave equation are given. These formulas
are usable over the whole of an interval which includes a
turning point. The Stokes' phenomenon is not invelved.
It need be considered only if expressions of the older type
are desired, and then the connection formulas of the
W. K. B. method are immediately evolved. An approprate
formal development of the solutions of the wave equation
as power series in B is given.

Part 2 deals with the radial wave equation for motion in
a central feld of force. Both the attractive and repulsive
Coulomb field are considered. [t is shown that the applica-
tion of the W. K. B. analysis to this equartion as it has
generally been made is uncritical and in error. The solution
commonly identihed thereby as the wawve function = in
fact not the wave function. The ‘‘failure™ of the W. K. B.
formulas, and the apparent necessity for modifyving them
by replacing the number I({+1) by (/+ §)%, has been noted
by many investigators. This is traced to the misapplication
of the theory. When correctly applied the theory naturally
vields the formulas which have been found to be called for

mw
Fu v the case 15 discussed mm which a turming point

lies too near the point r=0 for the W. K. B. method to be
effectively applicable. It is shown how the solutions are
describable in this case, the formulas given specializing,
when the field is an attractive field and the energy is zero,
to formulas which were given for that special case by
Kramers.

hand" the wrong factor £(¢ + 1) by the correct one (£ + 1/2)° |

@ The problem was solved by Langer in 1937.

Pirsa: 06090026

06092006

Pl 06

physicists have used the trick to replncc * by
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B The Langer's Solution B

The WKB approximation
is violated close to the nucleus

A change of variable can
make the approximation
well-defined at small distances

Cosmological consequences

Pirsa: 06090026

06/0% 2006

@ The wkb wave-function exactly obeys
the equation

1 Eﬁ:i fr w(p)dp

el = )

dzdu;kh -+ [uz(E,*r) -Q(E,r)] Uk = 0

+ 3 (e 1 &
m_——— (5) T 2w dr?

@ Langer remarked that, for very small
radii, one does not have

Q

-

<1

wkb is violated for r — 0

Pl 06 27



B The Langer's Solution ' P
3 - e

@ With the following change of variables

The WKB approximation B
is violated close to the nucleus F=sa W=

the effective frequency reads

3

> 2m e v L i s
A change of variable can = i (E - E)
make the approximation
well-defined at small distances and wkb is valid for small radii
@ Expressed back into the original
variables, this method leads to the
Cosmological consequences correct Balmer formula

Pirsa: 06090026
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q The Langer's Solution

The WKB approximation
is violated close to the nucleus

A change of variable can
make the approximation
well-defined at small distances

4 Cosmological consequences

Pirsa: 06090026

06/0% 2006

@ The wkb or adiabatic approximation
is violated on super-Hubble scales
during inflation

@ This is because violation of the
wkb approximation is associated to
particles production, or, equivalently
to a modification of the initial
vacuum state and/or spectrum

@ The cosmological version
of the Langer's transformation
can be used in order to derive
the inflationary power spectra

Pl 06

29




= The WKB criterion )

phvs »

The Fourier scale leaves Sub-Hubble scales

the Hubble radius N
WKB approximation

is satisfied

H

phys

This allows us to set up well-defined initial conditions

Pirsa: 06090026 Page 47/69
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B The WKB criterion

phvs *

The Fourier scale leaves
the Hubble radius

|

H

Super-Hubble scales

WKB approximation is violated

L

k

phvs

Lesson: when the “frequency is below the Hubble scale”, WKB is violated

Pirsa: 06090026 Page 48/69
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B The WKB criterion ;E :

Example: the Landau-Feynmann dispersion relation

: ¢

s : :

: [ : :
=k 4 : : Well-defined
= i . no WKB : WEB ihitial conditions
o : !
=g '

Kprys Modifiéations will be induced

Pirsa: 06090026 Page 49/69
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i The WKB criterion

1- Standard scenario 3° =0 ) ?LII | | Standerd ]

= I C : g

"_ Corley/Jacobaon &_>0 ;_,_-f" _‘

2- What happened before . E . “K-e -

results (is described by) in 3 e 1

the B branch E ] - = ! Uorub
= | g

3- If the WKB approximation
was satisfied beyond the Planck

Usyal rdgime-

scale then ,132 —

f” wlk,7)dT ;‘Bg

3
.
E o Ymn;

v = ok VoK

fﬂ w(k,7)dT

@Y Mini

Pirsa: 06090026

If the WKB approximation is violated in the trans-Planckian region, then
one gets corrections to standard inflationary predictions. Typically super-
imposed oscillations appear Ie_"k" o e“k"| ~ cos (kn)

Page 50/69
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o Which modifications? _
. -
L] T L I LJ Ll L l L LI L) I L] L]
— =
- L e
"""-.\ :
-4 i
e N.>>80 I
a0 L y |
5 b E ,
s I I
1 " N, =1le—folds | | I
- 1 " | I
L, R e ' L O L g I i
1 i == e I I ~
! e A | | ]
e 1 - - - —
e = f Planck length | :
- = 5 o 5 1 : I - : 3 L1 L :

Pi@i%ggoﬁ cte = —
06/09/2006 Pl 08
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B Which modifications? i

i H (’ H P |
- Two scales < » result controlled by | —— B
- M,_ \ M_ ]
— L d..-""
s ‘ What is p??
= [ : ﬁ
- '
=0 ) N.>>80 : i
3 [ ) | ]
L. 1 I _
" Npy =11le—folds | > | I
== F Pl ’i - ‘ : : -
... . || N | o s | i ~
l L e = = | I _
I i '?ﬁ.r—'rﬂld3| | |
5+ M I e | i ]
= f\fc ; S | Planck len : . l
1 1

l :

r?Iin:'l e nini (k)

The scales "pop up” at the preferred scale: "scale-dependent”

Pirsa: 06090026
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initial conditions
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g Criticisms A

» The approach is only phenomenological 3 Stringy relation

since physics beyond the new scale : :

is not known. Th'or' ur present rime

equation? |

» The initial state £

This is true fors relation, it is true that H®)
but not the Landhe Hubble parameter at

instance). ecause particle

» There is a back 99€s on now. Any tpl
the energy denssSeverely limited. Buf this
ed anyway ..
Rty — M
{Plov = i-Feynman case,
“onv==H hould use the Hubble
one gets the fol™2 inflation because
tion has now stopped

diabaticity initially vialutedﬁ

]

:

W phys

a2 s: what i1s the
I < - o BB 4 R S, H.{'?I}
M: |

Pirsa: 06090026 K ey Page 53/69
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@ A crucial question is whether
we should put the Hubble parameter
during inflation or at present time
in the previous equation?

@ For the stringy relation, it is true that
we should use the Hubble parameter at
present time because particle
production still goes on now. Any tpl
effect is thus severely limited. But this
case is discarded anyway ...

@ For the Landau-Feynman case,
crucially, one should use the Hubble
parameter during inflation because
particle production has now stopped

@ Other loopholes: what is the
equation of state of the fluctuations??
One should compute the back-reaction
of cosmological perturbations with UV
physics modified ... very complicated!

Pirsa: 06090026
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H(n)E

Wpngs

Hin}

E-:
5 I

o WKB
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WMAP and super-imposed oscil

The oscillations in the power spectrum are transferred to the multipole moments

2H? la|ool(f + 1) 2 &1/ -
£f+1 ~——— _(1-26;) 11 %2 cm[:ﬂ:f+—(1+£ In——— ) + ——]}
(e+1)CE zselm;( ﬂ{ (e1/00)7/2 o0 M ) ¥ 1
m L] L] L] L] L N I I 1 L] 1 L] LI | l ¥ I T | I O | | L] L] ] ¥ | B B
- 3 <«—Superimposed oscillations -
5000 - = —— ] =
e~ 24000 - z : ________ .
= | & F =2 g { E
= = - L -
t:?':__ 3000 — = 1 : —
. - ’ > - e f oo = H/M_
2000 t -
E g e1fjc> ¢ 4
1000 — + —
| I + i
ﬂ i i b _E b | I i i i i | I I L L i L B _F | i L i L E F E 3
1 10 100 1000 10000
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WMAP and super-imposed oscille

The best fit model is obtained with the (superimposed) oscillations

1- Axg ~ —12 (3 extra parameters)

i

2|z|og < 0.76 (95% CL)

3- log(e1/o0) ~2.23,6; ~ 2.1 x 1072, |z|og ~ 0.268 =

oo~ 1.2x107°,M_ ~ 0.3m,,

S o ) ' -
, At m—
wﬁ-””t; ] = E#I‘E
L 5 i =1
" r",'
E st k- ~ “%
- = e
v i ) & 7 E
= ‘;J'\:&ll* 13
ﬁj 10— F gy I.". J.--.-'u."-"' = "'5
15 Hﬂ}\" i e el
i 7
2n ! | | | L | | |
Q 1404] 200 300 00 - S0 600 T00 200
WMAP 1.0
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- WMAP and super-imposed oscillafions

Anguiar Scale
6000 — 2 < e o , 6000 —
s000 b 5000 £
4000 E 4000 £

H1+1)Cyl2r (K?)

Anisotropy Power (jK?)

10 100 LA 500 1000
WMAP1.0 WMAP3.0

This shows that the presence of a good fit is (was) not linked to the presence
>f a particular outliers ..
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WMAP and super-imposed osc

B
Power-spectrum of super-imposed oscillations

; H M_ k
3 ~ O P | = — ) 4-9b
EF =~k P,ﬂ-{l ..|.E|JICCUS[2E]H ln(k*) t]}

| 0.005 0.01 0015 002 0 002 0.04 0.06
| 8, %
Jsual SR power specr#\nm Log(e,/c )< [1,2¢6] Ixo |= [0,0.45]
all
o= ——
M_
Logarithmic oscillations «—
1 15 2 25 01 02 03 04
Results HﬁET ! n"n) [l o

From the Baeysian point of view (ie
taking intfo account volume effects in
the parameter space), the no-
oscillation solution remains favored

J. Martin & C. Ringeval, JCAP 08, 009 (2006) 2 4 & 02 304 308
PﬂS‘l‘MtﬁPh}' 0605367 » [ Page 58/69
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Testing the shape of the oscillations

—

oo (B (-t GIEY )

¥

Amplitude of|  Phase
Spectral index | The oscillatidns

Amplitude of <
The corrections

Shape of the oscillations

Results
1- Ax? ~ —10 (4 extra parameters)
2- The logarithmic shape is

favored p < 0.68 (95%CL)

J. Martin & C. Ringeval, JCAP 08, 009 (2006)
ragtemeph/ 0605367

=[051.5]

0.83 0.94 0.85 0.96 0.97
s

-4 -3 2 -1 O
log(p}

06092006 Pl 06

Log w € [1.2.5]

1.5 2 2.5

1 2 3
k.
3 3
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WMAP and super-imposed oscille
N

The best fit model is obtained with the (superimposed) oscillations
1- Axg ~ —12 (3 extra parameters)

2- 2|z|log < 0.76 (95% CL)

3- log(e1/o¢ ‘ LS 8 =

apg ~~ 1.2

WMAP 1.0 WMAP 3.0

J. Martin & C. Ringeval, JCAP 08°00% (2006)
06/09/2006 Pl 08 astro-ph/0605367 43
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¥ WMAP and super-imposed oscillations g X

The oscillations in the power spectrum are transferred to the multipole moments

IH* |z|ogb(f +1) 2 €1/o0 3
{+1)C5 ~ 1—26;) {1+ #t/2 [me —(1 al——— ——]}
06 = g -2 @lo? [ o U i) 92
m 1 | L] | ! L ] I I L] T L} r l 1] L] I T I | N B | | L] 1] T T L B
- " <«—Superimposed oscillations -
5000 |- = —= =
~ 4000 f: e —
E‘ ki s T =t -
= %
Q[ 3000 - I
"'-,_-I"E_ o - ia = 3 e - : - a-u — HX‘E‘IC i
2000 - -
= 5 3 €1 / a = E _
1000 — " g —
| I =% ]
0 i i g _§ 3§ i I i i i i L i i i I i i i i | | | i i i i E E _§ &
1 10 100 1000 10000
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U WMAP and super-imposed oscillatic
3
The best fit model is obtained with the (superimposed) oscillations

1- Ax2 ~ —12 (3 extra parameters)
2- 2|zjog < 0.76 (95% CL)
3- log(e1/00) ~ 223,61 ~2.1 x 1072, |z|op ~ 0.268 =

o0 ~1.2x107°, M_ ~ 0.3m,,
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