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Abstract: We calculate scalar quantum fluctuations during inflation in the presence of a black hole. The implications to the cosmic microwave
background anisotropy are briefly mentioned.
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Motivation -

Large-scale CMB anomalies
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COBE - DMR Map of CMB Anisotropy
Four Year Results

resolution
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WMAP3
CMB sky map
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WMAP3
CMB sky map
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Significance of the largest scale CMB fluctuations in WMAP

~ Angelica de Oliveira-Costa,”* Max Tegmark.' Matias Zaldarriaga,” and Andrew Hamilton®
*De_mrrmmr of Physics & Astrononyy, University of Pennsyivania, Philadelphia, Penmsylvania 19104, US4
‘Demrmrenf of Physics, Harvard University, Cambridge, Massachuseris 02138, USA
4 & Deparmment of Astrophysics & Planetary Sciences, University of Colorado, Boulder, Colorado 80309, USA
(Received 16 July 2003 published 25 March 2004)

We mvestigate :mnmahes repomd 1 ﬂl& cosmic microwave background maps from the T.‘.lIkmson Micro-

H:lxc: mﬂcpcndcnianomahrsmvulwquuadmpolc mdocwpolc 11: chosnnc quadmpoltonns oWn IS

nomalous at the 1-10-20 level by bemg low (the cut-sky quadrupole measured by the WMAP team 1s more
itnkingly low. apparentiy due to a coincidence in the onentation of our Galaxy of no cosmological signifi-
:ance); (2) the cosmuc octopole on its own 1s anomalous at the 1-m-20 level by bemng very planar; (3) the
iignment between the quadrupole and octopole 15 anomalous at the 1-1n-66 level. Although the a priori chance
f all three occurrmg 1s 1 m 24000, the muititude of altemative anomalies one could have looked for dilutes the
ngmficance of such a posteriori statisics. The simpiest small umverse model where the umverse has toroidal
opology with one small dimension of order one-half the honizon scale, i the direction toward Virgo, could
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'xplain the three items above. However, we rule this model out using two topelogical tests: the S statistic and




WMAP3 and chaotic inflation
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Inflation and Primordial Density Fluctuations

Evelutisn of cosmolog; cal cleasify perturbits.,
presest horizon sye
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Inflation and Primordial Density Fluctuations
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Inflation and Primordial Density Fluctuations
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A Challenge to Standard Slow-roll inflation!?

man=(3) (2)

PP s il e
Slow-roll kinematics Quantum fluctuations |

e Slow-roll conditions e Chaotic inflation —
violated after horizon classical fluctuations driven
crossing (Leach =t = by a white noise (Starobins
eGeneral slow-roll or by a colored noise
condition (Stewarc _iguori, Matarrese et 3

In-1|~ |dn/d|nk| comlng from hlgh k inflaton
eMulti-field (/erni==i Ten: eDriven by a colored noise

Rigopoulos, Yokoyama et a from interacting quantum
ectc environment (/U et 2
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A Challenge to Standard Slow-roll inflation!?

ran=(3) (2)
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Slow-roll kinematics

e Slow-roll conditions

violated after horizon

CFOSSII"IQ _each

e General slow-roll

condition =
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eMulti-field /=
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Quantum fluctuations |

e Chaotic inflation —
classical fluctuations driven
by a white noise (Stzrobins
or by a colored noise

comlng from hlgh k inflaton
eDriven by a colored noise
from interacting quantum
environment (/U =t 2
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Pirsa:

Summary

Hints from WMAP data on beyond standard
slow-roll inflation !?

A fine tuning — physics just at 60 e-foldings

Maybe there is a window to see the first few e-
foldings of inflation !?

Many models give a suppressed CMB low
multipoles

Or we are all fooled by probability — it is indeed a
Gaussian quantum process

Nongaussianity is an important check

11111111



Following is an effort to go from
homogenous to directional
effects

(also refer to vector inflation and etc.)
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A black hole in inflation

el Tl Y

M - black hole mass
H - Hubble parameter
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Power spectrum
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Power spectrum
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Possible effects to CMB anisotropy
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Speculations

* |s it possible not to fine tune inflation
duration to 60 efolds?

» Then there must be something happening
during slow-roll inflation

« Formation rate must not be far below the
expansion rate of inflation
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Speculations

 |s it possible not to fine tune inflation
duration to 60 efolds?

» Then there must be something happening
during slow-roll inflation

« Formation rate must not be far below the
expansion rate of inflation
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slow-roll inflation in a de Sitter vauum A ,

A 1 Az

Will these spherical inhomogeneity A ; collapses=«



(1) String Landscape

« 10°00 de Sitter vacua

» Metastable, bubble nucleation via
tunneling

Barriers of string scale, slow
ttnneling rate

.....

. ‘potential for slow-roll infaltion

 We sit in a vacuum with a small
cosmological constant today
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slow-roll inflation in a de Sitter vauum A,

A,

Will these bubbles A, collapse
mntAa hlaclk halace?



Motion of the bubble wall
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Work Is In progress towards
understanding the large-
scale CMB anomalies

thank you
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