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The Poincare
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IntroduEsn

Eecmuse of the fntie speed of Hgha, we see the
Moon as It was roughly a seoond aga, the Sun as
was elghs minuees agu.-:lhﬂ'm-:n:r'f s1ars as ihey
werre 2 frw decades ago, the coner of our Milley Way

Galay as h was 30,000 ne i
as ;‘-’;‘1 were milbons ﬁﬁa&uﬂ!ﬁm:
galmdies ax they were billions of yrars ago. if we lnok
srill deeper o ﬁnﬂ. we spe all the way back
the fimal sages of the big bang irself, when the
whole untverse was Nilled with a blaring hor plasma
similar wo the ouver layers of the modern: Sun. In
principle we e this plasma in all directions; 1 fills
the eniire back ground of the sky. So why don®t we
notire It when we look up an the nigha sky? The
carch ix thar ke highn from 15— orignally visible or
mfrared —over the course of ns 13,7 bilh
voyage [rom the plasma eo us has gonen s
o s part ol the overall sxpansion of 1he unlverss.
' Birally, the univers: has mded by a Faceor
mu: l:lrll:l:l from then |.'ﬂ.lﬂpngll. mﬂfﬂl wis
once a warm reddish glow with a wavelengih
around 10,000 angsirams s now a bah of mi-
crowaves with a of abour a millmerer.
o we canmi see the plasma with our syes, bn we
can see it with 2 mirowave aneenna.

1F paur spes were sensidhve 1o mimowaves as well
as 1o visible light, a closeap view of the nighr sky
mighi look something ke Rgure 1. In the fore-

ground we ser other galades @ they were a frw
billion years ago. in the backgromnd we see the

BEITICES 4F THE AMS

omaipres=n: plasma as It was 180,000 afver
the big bang, amere three one-thowssandihs of one

perren: of the untverse's presem age af 12.7 bil-
lion years. The plasma holds duoes i the sniverse's
birch, evohaion, gramerry, and copalogy. To har-
vest these clues, NASA lsunched dhe Wilkinson
Mimowme Anlsomopy Frobe (WMAF) oo 30 June
2000 On 10 Asgoss 2000 WMAP reached irs orbi
abour the so-called second Lagrange poimi, whene
the combined graviny of the Sun and the Earth ans
Ju=si fighn eo keep the saselliie orbiiing che Sun in
symchrontzaibon with the Earth, and WMAP began
115 Tour years ol obsrmarions (Rgare 2). The ob-
served radianion from the plasma, known as dbe
Cosmic Microwane Background (CME] radiacion,
15 exiremely uniform sress the siy. Nevertheless,
1r exhibdrs small temperamre flucruatoss on
the order of 1 pan in 19, These {ME ismperansre
Mrruaians result from flurnssdons o che demsiry
{noa eemperamurd ) of the primordial plasma: phoe
tons arrivieg from denser regions do a linde exira
work againsi gravity and arrve slightly cooler,
while phovons arriving from less demse reglons do
a lintle less work agatns: grodry and armve sligaly
warmer. 50 in effert emperamre flecumions on
the microwave sky reveal densiry Bormarions in the
rarly mnheerse.

Cozmologisis' current sandard mode]l posies
an eseseniially infiniee Fuclidean space creased by
tnflarton and monaining dersiry luouadons on
all srales. On small scales WMAF observed ihese
Azciuaricns as prediceed. However, on scales
larger 1han shour 60F degress across the sy, the

Vorume 51, Muss &
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[ . discrete iIsometry group
which acts freely and discontinuously
(orientation preserving)
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Spherical topology

Q:quarternion ¢ R":4-dimensional
real space

g=a+bi+cj+dk

(a,b,c,d)

8

" 1 S3 :3-dim. spherical
Q100 a1~ 1} R surface ~SO(4)

unit quarternion



Spherical topology

S3 > SO(4)
Q' right(left)
multiplication Al 4.0 =0

S > SO(3)

conjugation Pl R ivIoE=Te}

p(@;9)=p(@;97)



Spherical topology

DFELYSO(3)MDdiscrete isometry
groupz FHLYT. SO(4)Ddiscrete
isometry groupZz &R T= 5,

yield globally homogeneous spaces
(single action spaces)






Spherical topology
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AXxIs of evils ?

(Tegmark, et al, ’03)



AXxIs of evils ?

(Tegmark, et al, ’03)



Alignment with ecliptic plane? =2

-0.019 0.000 0019
T (mkK)

(Copi et al, astro-ph/0508047)
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Cold spot

Eriksen et al. '03
North pole: (l,b)=(57°,10°)
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Large Scale Structure in the Local Universe
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Legend: image shows 2MASS galaxies color coded by redshift (Jarrett 2004);
familiar galaxy clusters/superclusters are labeled (numbers in farenthesis represent redshift).
Graphic created by T. Jarretl: (IPAC/Caltech)
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Figure 1. (Left) The 2D reconstruction of the local density field described in 54

(top), 0.1 < z < 0.2 {middle) and 0.2 < z < 0.3 (bottom). The plots sho FranCiS & PeaCOCk 2009
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