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Abstract: The existence of concentric low variance circlesin the CMB sKky, generated by black-hole encounters in an aeon preceding our big bang, is
a prediction of the Conformal Cyclic Cosmology. Detection of three families of such circles in WMAP data was recently reported by Gurzadyan
&amp; Penrose (2010). We reassess the statistical significance of those circles by comparing with Monte Carlo simulations of the CMB sky with
realistic modeling of the anisotropic noise in WMAP data. We find that the circles are not anomalous and that all three groups are consistent at
3sigmalevel with a Gaussian CMB sky as predicted by inflationary cosmology model.
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Amazing agreement between the theory and
observations!
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Beware of a posterior statistics!
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Beware of a posterior statistics!
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Amazing agreement between the theory and
observations!
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Conformal Cyclic Cosmology

At bigh energies (early times), all interactions are
mn_fnﬁd muariant.

Conformal geemetry, not metric geometry of
spacetime, 1s relevant.

Conformal spacetime geometry extends smoothly

to before big-bang

Weyl curvature vanishes at the conformal

ersurface which represents the Big Bang ->
b-fﬁml‘z gravity at B:;prr %

Fundamental Pnfgfarf_- what f_.l"f_f& _ngarit. <
d w] y t -
new um"'frru what lay &ggz mir gB gof 4

ersurface was the future mfinity of a

eVIols universe .

Physical material of the universe is only sensitrve.

to the mgunmzf structure of the umiverse and s
bimd to the component that provides the scale ut

the metric

the mfnmaﬂan m the gm'mrmma! degrees of
freedom is transferred into a new scalar field—529° 23/
“taken to be the initial ,fnmr of the dark matter



The effect of such an energy burst would be to provide.
an outward kick to this initial material of the carly

(Y4 LY. YY) L3 1

umiverse. The kick will be much more energetic than the
normal local variations in temperature in the carly Big
Bang Accordingly, the outward (almost impulsrve) burst.
would have, proportionally, a rather closely uniform.

intensity over the whole outward-moving sphere, in.
this matersal

Spatial variations in the density after BB caused by
gravitational wave bursts from close encounters between.
black holes

Density fluctuations: scale-mmvariant (because of the
exponential expansion BEFORE the Big Bang)

CMB is a superposition of arcular patterns on the
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@ “The clearest observational signal of CCC results from numerous supermassive black-
hole encounters occurring within clusters of galaxies in the aeon previous to ours.
These encounters should yield buge energy releases in the form of gravitational
radiation bursts. From the perspective of our own aeon, these would appear not in the
form of gravitational waves, but as spherical, largely isotropic, impulsive bursts of
energy m the initial material in the universe, which we take to be some primordial
form of dark matter, the impulse moving outwards with the speed of light up to our
last-scattering surface.”
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The effect of such an energy burst would be to provide.
an outward kick to this initial material of the early
untverse. The kick will be much more energetic than the
normal local variations i temperature in the carly Big

Bang Accordingly, the outward (almost impulsive) burst.
would have, proportionally, a rather closely uniform.

intensity over the whole outward-mouving sphere, in.
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@ “The clearest observational signal of CCC results from numerous supermassive black-
bole encounters occurring within clusters of galaxies in the aeon previous to ours.
These encounters should yield buge energy releases in the form of gravitational
radiation bursts. From the perspective of our own aeon, these would appear not in the
form of gravitational waves, but as spherical, largely isotropic, impulsive bursts of
energy mn the initial material in the universe, which we take to be some primordial
form of dark matter, the impulse moving outwards with the speed of light up to our
last-scattering surface.”
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The effect of such an energy burst would be to provide.
an outward kick to this initial material of the early
universe. 1be kick will be much more energetic than the
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@ “The clearest observational signal of CCC results from numerous supermassive black-
hole encounters occurring within clusters of galaxies in the aeon previous to ours.
These encounters should yield buge energy releases in the form of gravitational
radiation bursts. From the perspective of our own aeon, these would appear not in the
form of gravitational waves, but as spherical, largely isotropic, impulsive bursts of
energy n the initial material in the universe, which we take to be some primordial
form of dark matter, the impulse moving outwards with the speed of light up to our
last-scattering surface.”
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Looking for circles in CMB sky

@ Using foreground cleaned W-band g = Chn
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@ Simulations of the LCDM CMB
maps with realistic noise are used to -
assess the statistical significance of

the results
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No actual detection of uniform
temperature circles
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There they are!

@ Found two families of

such circles: with small

and large radii

small circles are right at.

the edges of the masked
regions tn the map. They

have a small number of
pixels and therefore large
errors. Excludmg crrcles

with small number of
pixels, eliminated them.
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There they are!

Found two families of
such circles: with small

and large radii

Large circles are due to
correlated modes on large

angular scales.

Smoothing WMAP data
shows what is causing

these circles.

Detected large circles
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Concentric circles in WMAP7 data?

i P Giare) @  Gurzadyan é"Pem-'a:.re (z010) claim to bave
M e T detected three families of “anomalous low-

~vartance concentric circles” in WMAP7 data

|
|
]
- |
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@ 3 critical papers show the patterns are not.

anomalous:

@  Webus, Ertksen (arXiv:1012.1268)

@ Moss, Scott, Zibin (arXiv:1012.1305)

@ AH. (arXiv:ror2:1656), ApF accepted

Pirsa: 11020163 Page 36/91




o e e S, W g . sl g, st i, il Wi, gl o ""\""-‘.'-'- P S ""'1"'-"'1"- —
N T My P M ) Py LN o 1 s
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Detected large circles
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and large radii
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@ Smoothing WMAP data
shows what is causing

these circles.
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No actual detection of uniform

temperature circles
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Concentric circles in WMAP7 data?

B i T fiane) @  Gurzadyan & Penrose (2010) claim to have

raemmbecion e detected three families of “anomalous low-

~vartance concentric circles” in WMAP7 data

 ® 3 critical papers show the patterns are not.

anomalous:

@  Webus, Ertksen (arXiv:1012.1268)

@ Moss, Scott, Zibin (arXiv:1012.1305)

@ AH. (arXiv:rorz:1656), ApF accepted
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No actual detection of uniform
temperature circles
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Concentric circles in WMAP7 data?

e i i Gl @  Gurzadyan & Penrose (2010) claim to have
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~vartance concentric ctrcles” in WMAP7 data
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@ AH. (arXiv:ror2:1656), ApF accepted

Pirsa: 11020163 Page 41/91




L]
l
]
i

. el
Circles in

Conformal Cyclic Cosmology

conomist

osmology

30ing round in circles

n contradiction to most cosmologists’ opinions, two scientists have found
vidence that the universe may have existed for ever

ac 2nd 2010 | from PRINT EDITION P @ BLke Sx
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Clrcles in

Conformal Cyclic Cosmology

The
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osmology

30ing round

n contradictionton
vidence that the un

nature news home

news archive specials opinion features news blog

D comments on this Published oniline 10 December 2010 | Nature | doi:10.1038/news.2010.665
ar 2nd 2010 | from PRINT $= StOry m

R No evidence of time before Big Bang

Latest research deflates the idea that the Universe cycles for
eternity.

Edwin Cartlidge

Our view of the early

Universe may be full of

mysterious circles — and

even triangles — but that

doesn't mean we're seeing
nackground evidence of events that.

. Sl took place before the Big

i
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G &P circles
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Reassessing statistical significance of the G&P
patterns

Repeating ( r<r'P analysis at three centers we.

get similar patters as GS'P

200 strulatrons of the sky + WMAP norse to

determme statistical signtficance of the dips

None of the variances are significantly low!
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Reassessing statistical significance of the G&P

patterns

[

Repeating GEP analysis at three centers we.

get similar patters as GEP

x',J

200 simulations of the sky + WMAP noise to

determene statistical r::gnr_'rfc.mcc q,!"' the dips

| &

None of the variances are significantly low!
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Reassessing statistical significance of

the G&P patterns
| P‘: o P_ 5M pixels in the maps
e - -2.5M left after masking
- =~ 165,000 independent data points
= - = after 0.5deg smoothing

: 0.003*165,000-500 incidents
m— wR I EErh below 3sigma deviations

[ | | More details:
W ” bttp://www citautoronto.ca/-abajian/pBB.html
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No actual detection of uniform

temperature circles

10000] s /\. 7\ |
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Detected circles are all at the edges —>
suffer from small number statistics

z;ﬁ ﬂ er lﬁ, h E{xdm?’ing circles with small nmber of
i . . 5 ks | il sohe | s ezs pixels in them removes large deviations
el / \ T \ ! | from Gaussian distributions.
] o ? g T \ | No circles in WMAPs data
10| & oY /T _il_ !
L ke L H]
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Concentric circles in WMAP7 data?

B e P el @  Gurzadyan & Penrose (2010) claim to have

prastelend e o detected three families of “anomalous low-

~wartance concentric ctrcles” in WMAP7 data

[
|
i
-
|

@ 3 critical papers show the patterns are not.

anomalous:

@  Webus, Ertksen (arXiv:1012.1268)

:
"

@ Moss, Scott, Zibin (arXiv:1012.1305)

|
1
{
™

@ AH. (arXiv:ror2:1656), ApF accepted
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Concentric circles in WMAP7 data?
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Reassessing statistical significance of the G&P
patterns

HLprIm;: GaeP Jr:.if_ ysis at three centers we.

get simlar patters as GSP

> 200 strulattons of the sky + WMAP notse to
determme statistical signtficance of the dips f
- Nene of the variances are significantly low! &)
b2
ol e il
o
-
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Reassessing statistical significance of the G&P
patterns

(347 L)) LY LN.d)

@ Repeating GEP analysis at three centers we
get similar patters as GEP
o 200 sirmulations of the sky + WMAP notse to

determme statistical r:;gnr_'rfc.mcc qfrile dips

None of the variances are significantly low!

£ i ) ; I
1 i
|

odtwesde view

1424 19SSt IMEhE 4TINS ] 54
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Reassessing statistical significance of

the G&P patterns

03

Measured variances along the G&P circles in
WMAP data compared with the PDF of the

~variances of the same circles in 1000 simulations.

—l1 il 1 2 i 4
Dewianon from the mesn

More detazls:
bttp://www.cta utoronto.ca/-abayian/pBB btml
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Reassessing statistical significance of
the G&P patterns

=05
0.5 ,
— Measured variances along the G&P circles i
=A | WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.

Sos}
3
=ik
=]

0Ll l

%2, & 5 1 2 - e

Dewisrson frmm the masn

More detarls:
bttp://www.cta utoronto.ca/-abayian/pBB_btmi
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Reassessing statistical significance of
the G&P patterns

=15
8-
Measured vartances along the G&P circles in.
= WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.

§ GELS
]
% o2 ]
3

oLl

nok . —

Dewvisson fmm the meaan

More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB_btmi
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Reassessing statistical significance of
the G&P patterns

#=2.10
03
Measured variances along the G&P circles in
e WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.
Zo3t —
=
E
3
é 02|
8
[F N |
90 = == .0 i 2 1 1 5
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Dewvisrson frorm the maan

More detals:
bttp://www.cta utoronto.ca/-abayian/pBB_btml
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Reassessing statistical significance of

the G&P patterns

03

Measured variances along the G&P circles i
WMAP data compared with the PDF of the.

~variances of the same circles in 1000 simulations.

0 1 2 i 2
Dewvisson frmm the meaan

More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB_btmi
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Reassessing statistical significance of
the G&P patterns

#=30
8-
Measured variances along the G&P circles in
sl WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.
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Dewvisrson from the mean

More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB btml
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Reassessing statistical significance of
the G&P patterns

D3

Measured variances along the G&P circles in
WMAP data compared with the PDF of the.

~variances of the same circles in 1000 simulations.

- A, - & k. i
—2 -1 0 ] 2 k] 4 5
Dewiaron from the mosn

More detazls:
bttp://www.cta utoronto.ca/-abayian/pBB_ btml
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Reassessing statistical significance of

the G&P patterns

Measured variances along the G&P circles in
WMAP data compared with the PDF of the

~variances of the same circles in 1000 simulations.
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More detazls:
bttp://www cita utoronto.ca/-abayian/pBB_btmi
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Reassessing statistical significance of
the G&P patterns

=45
0.3
Measured variances along the G&P circles i
i WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.
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E
3
é 0oz
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Dewvisrson from the maan

More detazls:
bttp://www cita utoronto.ca/-abayian/pBB_btm{
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Reassessing statistical significance of
the G&P patterns

#=55
(8
Measured variances along the G&P circles i
il WMAP data compared with the PDF of the
p— ~variances of the same circles in 1000 simulations.
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More detazls:
bttp://www.cta utoronto.ca/-abayian/pBB_ btmi
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Reassessing statistical significance of
the G&P patterns

- #=6.0
Measured variances along the G&P circles in
= WMAP data compared with the PDF of the.
|| ~variances of the same circles in 1000 simulations.
03 —

Drisbributian Function

1

ot =3 ~1 ] 1 3 T 2

Deowiarson rm the moan

More detazls:
bttp://www.cita utoronto.ca/-abaygian/pBB_btmi
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Reassessing statistical significance of
the G&P patterns

=65
o
| Measured variances along the G&P circles in
sal WMAP data compared with the PDF of the
: ~variances of the same circles in 1000 simulations.
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,J'rfﬂrt m_ e
bttp://www.cita utoronto.ca/-abaygian/pBB btmi
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Reassessing statistical significance of
the G&P patterns

Drisbributian Funclion

Dowiarson from the moan

Pirsa: 11020163

Measured variances along the G&P circles i
WMAP data compared with the PDF of the

~variances of the same circles in 1000 simulations.

More detazls:
bttp://www.cita utoronto.ca/-abaygian/pBB_btml
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Reassessing statistical significance of
the G&P patterns

) #=T7.5
0.5 T
| Measured variances along the G&P circles i
szl . WMAP data compared with the PDF of the
i ~variances of the same circles in 1000 simulations.
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.
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a
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Dewvistson mm the maan

More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB_btml
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Reassessing statistical significance of
the G&P patterns

#=9.0
03
Measured variances along the G&P circles i
sz WMAP data compared with the PDF of the
—_— ~variances of the same circles in 1000 simulations.
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Dewiatson from the moan

More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB_btmi
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Reassessing statistical significance of
the G&P patterns

=95
o3
Measured variances along the G&P circles in
sz WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.
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Dowvisson from: the maan

More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB btmi
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Reassessing statistical significance of
the G&P patterns

(Y2 Ly 1Y) (Y20 1

#=105
0.3
Measured variances along the G&P circles in
! WMAP dcf:m cwd w:'!:b the PDF of t&e,.
~variances of the same circles in 1000 simulations.
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Dewisrson frorm the maan

More detazls:
bttp://www cita utoronto.ca/-abayian/pBB_btmi
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| Reassessing statistical significance of 3
»
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| the G&P patterns 2
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I - 4=11.0 5

i Measured variances along the G&P circles . |

I e WMAP data compared with the PDF of the.

l ~variances of the same circles in 1000 simulations.
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! More details:
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Reassessing statistical significance of

the G&P patterns

Measured variances along the G&P circles in
WMAP data compared with the PDF of the

~variances of the same circles in 1000 simulations.
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Dewvianon from the meosn

More detazls:
bttp://www.cta utoronto.ca/-abayian/pBB_btml
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Reassessing statistical significance of
the G&P patterns

Dewisrson from the maan

Measured variances along the G&P carcles
WMAP data compared with the PDF of the

~variances of the same circles in 1000 simulations.

More detazls:
bttp://www.cta utoronto.ca/-abayian/pBB btmi
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Reassessing statistical significance of

the G&P patterns

#=13.0

0.3

Measured variances along the G&P circles i
WMAP data compared with the PDF of the

~variances of the same circles in 1000 simulations.
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More detasls:
bttp://www.cta utoronto.ca/-abayian/pBB btml
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Reassessing statistical significance of
the G&P patterns
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- =135
Measured variances along the G&P circles i
el - WMAP data compared with the PDF of the.
~variances of the same circles in 1000 simulations.

Zos|
=
% o2
2 ——

[P |

s
0ot L

0.0% . ' ~ — = = - -
—3 —2 —1 a 1 2 31 4
Dewisson o the maan

More detazls:
bttp://www.cta utoronto.ca/-abayian/pBB_ btmi
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Reassessing statistical significance of
the G&P patterns

#4=14.0
(8-
Measured variances along the G&P circles in
sz WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.
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More detazls:
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Reassessing statistical significance of
the G&P patterns

o #=1510
Measured variances along the G&P circles i
o — WMAP data compared with the PDF of the
~variances of the same circles in 1000 simulations.
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More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB_btml
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Reassessing statistical significance of
the G&P patterns

i=1%5%
(8-
Measured variances along the G&P circles i
: WMAP data compared with the PDF of the.
~variances of the same circles in 1000 simulations.
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More detazls:
bttp://www.cita utoronto.ca/-abayian/pBB_btmi
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Why are the results different?

@ The signal is the same, the main difference is in the
statistical significance of the signal

@ Statistical significance is obtained by comparing with

the sims

@ Qur simulations are done with: correct power spectrum.
(-us. flat spectrum), realistic noise realizations (vs. 2,
proper treatment of WMAP beams (vs. ?)
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Simulated Maps vs. Real CMB Sky
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Why are the results different?

@ The signal is the same, the main difference is in the
statistical significance of the signal

@ Statistical significance is obtained by comparing with

the sims

@ Qur simulations are done with: correct power spectrum.
(-us. flat spectrum), realistic noise realizations (vs. 2),
proper treatment of WMAP beams (vs. 2)
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Simulated Maps vs. Real CMB Sky
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Conclusion

@ The low variance circles of G&'P are not anomalous and
can very well exist in a LCDM cosmology consistent.

with the Big Bang

@ These results do not rule out the CCC model, but prove
that the three regions in WMA P data bave normal
variances and they can't be used as an evidence in _ﬁwour

of the CCC model.
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£ Francesco Mercurnio likes this.

ol

Joshua Schroeder | believe Roger predicred this affect before
making the graduate student do the analysis. He talkced about it
two years ago when he wsited Columibia.

Movember 20, 2010 ar 4'37pen - Liks

Eugene Lim Sure. But their analysis s based on 4 posterior
stats. | would be more convinced if they simulated 10000
gaussian maps. and then look for these features in sach. and
find none at all. That would then be a 3 sigma detection.
SNowvember 20, 2010 at 4 46pm - Like

Joshua Schroeder Roger has always been a more “proof of
concept” kind of guy, | agres!
Novernber 19, 2010 at 5:00pm - Like

Dawvid johnston Malong 3 comancing SATISICA Argument was
apparently beyond the scope of the paper.
November 29, 2010 at 5:0lpm - Like

Amir Hajian | gid 2 detaied smristhcal anaiysis of this mooel
rmore than two years ago on WMAPS. | used a different
statistic that was unbiased and compared it with sirms
including realistic noise simulations for WMAP, There were no
drcles beyond Jsigma detection level (i.e. no believabile
arclesk

Movemnber 29, 2010 at 8:36pm - Like - <3 4 peopile

Tom Crawford Penrocse gave a reaily nice colloguium at Chicago
a few wesls ago and absolunsly ruined it by bringing this up ar
the end. | particulary enjoyed his smrement to the effec of 1
aiked Hagian to look at it, he didnt find what | wanted, 3o |
asked this other guy.”
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